The Perception of Speech
in Early Infancy

by Peter . Eimas
January 1385

In perceiving speech human beings detect discrete
phonemic categories and ignore much of the aconstic
variation in the speech signal. Research with infants
suggests the underlying perceptual mechanisms are innate

ow is it that a child swifily and
H seermingly without mucheffort
learns to speak and under-
stand? The process of language acqui-
sition begins well before the Arst birth-
day, and most children use language
with considerable skill by their third
vear. In contrast to the learning of
reading or arithmetic, a ¢hild masters
language without formal teaching; in-
deed, much of the learning takes place
within a fairly limited linguistic envi-
ronment, which dees not specify pre-
cisely the rules governing competent
language use.

A possible explanation for the swift
growth of a child’s language skills is
that language is not as complex as is
gengraliy thought, and consequently
that such simple psychological princt-
ples as conditioning and generalization
account for the speed with which it is
iearned. But research during the past
several decades on the nature of lan-
guage and the processes by which it s
produced and understood has revealed
not underiving simplicity but increas-
ing compiexity.

Experiments carried out by my col-
leagues and me at Brown Universuy
and by other investigators elsewhere
have supported a different explana-
tion. one derived from the view. of
which the linguist Noam Chomsky is
the mos: notable exponent, that inborn
knowledge and capacities underhie the
use of language. In studies of speech
perception by infants we have found
these young subjects are richly en-
dowed with innawe percepiual mecha-
nisms, well adapted to the characteris-
tics of human language, that prepare
them for the linguistic world they will
SNRCOUNIPT.

The search for mborn mechanisms
of speech percepuon developed from
studies of the reiation of the speech
signal to phonemes. the perceptual

units that correspond to the conso-
nants and vowels of language. Pho.
nemes are the smallest units of speech
that affect meaning: oniy one phone-
mic difference sets apart the words lare
and rate. yet they are entirely distinet
in meaning.

Workers at the Haskins Labora-
tories in New Haven, the Massachu-
setts Institute of Technology, Swe-
den’s Roval Institute of Technology
and elsewhere have shown that the
speech signal is 3 complex of acoustc
units: brief segments bounded by mo-
mentary pauses or peaks in intensity.
The segments vary in duration and in
the frequency, temporal relations and
intensity of their constituent bands of
concentraled acoustc energy, known
as formants. and of noiselike acoustc
components known as aspiration ang
frication. The variation in these acous-
tic parameters provides the informa-
tion that is critical to the perception
of phonemes.

No direct. one-to-one correspond-
ence holds, however, between individ-
usal acoustic segments and the pho-
nemes we pergeive. A single acousiic
Segmeni may encompass a coasonant
and & vowel: conversely, two distinet
acoustic segments may contribute 10
a single consonantal sound. Further-
more, there is no direct relation be-
tween the segments' frequency and
temporal characteristics and the pho-
nemes we hear, A lisiener may recog-
nize a range of stimuli. varying widely
in a number of acoustic traiis, as in-
stances of the same phoneme. On the

other hand, 3 smail change in a single

ACOLSIIC CUE may in some situations
change the phoneme that is perceived.

~onsider the acoustic infoymation
-~ that is sutficient 1o signal the dis-
tinction between the veiced stop con-
sonant that begins the word bin and the

votceless siop consonant i pin, In both
cases the speaker completely blocks
the flow of air through the vocal tract
iust before the release of the utterance:
in &in, however, the vocal cords begin
1o vibrate almost simultansousty with
the release of air, whereas in pin vocsl-
cord vibration is delayed. The interval
between the release of air and the onses
of vocal-cord vibration, or veicing, is
known as voice-onset time: it holds the
crucial acoustic information that en-
ables a hearer 10 distinguish bin from
pin. No single value of voice-onset
time defines gach phoneme, however.
Instead hearers typically perceive a
range of valnes, reflecting differem:
speakers, different instances of speech
and differences in the surrounding
phonemic eavironment, as exampies
of the same phoneme.

The acoustic variables that define
other phonemes are similarly fuid
For example, many phonemes are dif-
ferentiated by place of arniculation,
the site of the constriction of the vo-
¢al tract that occurs as the sound is
formed; the initial sounds of bin and
din are examples. Among the acousug
cues that correspond o place of articu-
lation and enabie a heerer 1o distin-
guish such phonemes are the initial fre-
quencies of the second and third for-
mants: the formanis that fall second
and third from the bottorn on a scaie of
frequency. Again no single value of
these acoustic parameters character-
izes each phoneme: a range of onsel
frequencies can signal the same place
of articulation. Yet in spite of the vari-
ation in the sounds corresponding to
each phoneme we have little trouble
deciding whether & speaker said din
or bin. We are able in effect to fisten
through the variation in the signal and
make categorical judgments of phone-
mic qualify.

Experimental results confirm that in
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INFANTS SUCKING RATE indicates their response o 2 series
of speech sounds. {n the aathor’s experimental setup {rop) syitables af
synthetic speech were played through the loudspeaker abave the
screen dispiay of Raggedy Ann while o feue-month-ofd infant sacked
on & pacifier connected 1o recording instrumenis, Graphs of mead
sucking rate 1horrom i, vecorded under varions experimental comdi-
tions with a pumber of infanats, sbow that when a syllable beginning

and then decressed as the stimutus became familian In some cases
the sound changed at 3 time imbicated by the broken tine In one
groud tbontan lefi) the pew sound represeated & d'i!‘farem consonant:
sucking rate increased sharply, showing that the infants perrcenred -
contrast. [n % second group {bottom middie) the stimulus differed
aconsticatly froms the preceding sound but correspoaded to the same
[5 L. and there was litile change in sucking rate. A contrel

with a particilar consonant was repeated, sucking rate first increased

group of infants (hartom right) experienced no change in stimuius,



the perception of speech we are ordi-
narily aware of discrete phonemic cat-
egories rather than of the continuous
variation in each scoustic parameter:
we percgive speech categoricallv. In
experiments conducted by Leigh Lis-
ker and Arthur 5. Abramson of the
Haskins [Laboratories aduits heard
compuier-generated  spesch  sounds
that embodied a range of different val-
ues of voice-onset time. In spite of the
many varianes of voice-onset time the
subiects heard neariv all the stmuli i-
ther as a veiced phoneme such as the
initial consonant of BAM or as a voice-
less phoneme such as the consonant
that begins pan. The boundary—the
voice-onset time a1 which listeners he.
gan 1o hear pal instead of saH—was
situated at about 30 milliseconds fol-
lowing the initial release of air.

To confirm the categorical nature of.

speech perception the experimeniers
asked subjects 1o distinguish pairs of
stimuli differing in voice-onset time, If
both sounds represented voicing de.
lays of less than 30 milliseconds. the
listeners generally heard them as two
identical instances of san: if the voice-
anset times of both were longer than
30 millissconds, the Hsteners tended
to hear two pPaH's, indistinguishable
although acoustically different. Only
when the stimuli straddled the 30-mib
lisecond boundary could subjects dis-
tinguish them consistentiv. Catherine
G. Wolf, then at Brown University, ob-
tained similar evidence of categorical
perceplion in school-age children.

ow much of this mechanism of
categorical percepuon, which en-
ables us to perceive speech reliably in
spite of the lack of precision of the
speech signal. is innate? The {act that
speakers of differen: languages are at-
tuned to somewhat different phonemic
distinctions suggests that the inilu-
ence of the linguistic environment on
speech perception is powerful. Japa-
nese speakers fail 1o perceive the con-
trast between the phonemes /r/ and
/b/, a standard distinction in English:
Englhish speakers do not notice a fup-
damental contrast in voicing that dis-
tinguishes certain phonemes in Thai
Yet cerizin phonemic distinctions are
present in languages throughout the
worid. [t seemed possible to my cok
leagues and me that strong biological
determinants, modified by later lin.
guistic experience, might underlie the
categorical perception of speech, To
fnd out whether this is the case we
did experiments with infants not vet
able to speak. in whom one would ex-
pect the infiuence of their parents’ lan-
guage to be minimal
In 1971 Einar R. Sigueland. Peter
W. Jusczyk, Yames Vigorito and | ex-

THE PERCEFTIONS OF SPEECH IN EARLY INFANCY 18

amined the perception of voice-onset
time in ong- and four-month-old in-
fants. We exposed the infants o three
different pairs of sounds. The veice-
ontset times of one pair were 20 and 40
milliseconds: thus the stimuli fell on
opposite sides of the category bounda-

slish and other languages. To adult
cars the stimuli sounded like the sylla-
bles Bak and pas. In each of the_ozher
pairs. with voice-onset times of zere
and 20 miiliseconds and 60 and 80 mil-
liseconds. both stimuli fell on the same
side of the voiced/voiceless boundary;

rv recognized by adult speakers of En-  both were instances of BAH Of PAH.
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SPECTROGRADMS of syitables beginning with difierent stop consonznts, so catied beesuse
they require an interruption ia the fow of air througk the vocal tract, show the anderiying
differences in scoustic characteristics. The four acoustic signatures differ in the freque_zlcy
and timing of their comp t bands of acoustic energy, known as formants, The conso.
nanis paired horizontally are distinguisived by the frequency at which the formants begin, a
reflection of the point within the vocal tract at which constriction oceurs. The frequency of
the highest formasnt of the sound gan. for exampie, begins at abeut two Kiloherty and then
rises, while that of the third formant of DA begins at about three kilohertz and falls,
(onsenants paired vertically differ in voice-onset time, a2 measure of the delay between the
release of air and the vibration of the vocal cords. in spectrograms for #AH snd DAE a
vaice.onset tine of zere is evident in the presence of periodicity, a series of spiky vertical
striations that indicate vocal-cord vibration, st the beginning of all three formants. In
spectrograms for paH and TAH there is a gap before the lowest formant appewrs and
periodicity beging in the two higher formants. reflecting o lanser delav in onket of voicine.
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Infants a f'ew months old cannet re-
port their perceptions direcdy. In or-
der to gauge the infants’ responses io
the stimull we resorted to a methodol-
ogy cailed the high-ampiitude sucking
procedure. Each infant sucked on a
pacifier wired 10 a pressure ransducer.
which In turn was connected to record-
ing instruments. We adiusied the set-
up's sensitivity separatety for each in.
[ant so that inevery case the apparatus
recorded a base-line rate of sucking of
20 to 48 times a minute,

Ongce the experiment was under way,
cach fime the apparatus recorded an
instance of sucking one sound of a
stimulus pair was playved. When an in-
fant encounters a new stimulus. its rate
of sucking typically increases for sev-
eral minutes, then gradually settles
back 10 the base-fine rate. presumatdy
asa result of familiarization. When the
sucking rates of our subjects fell to a
preset level as thev grew accustomed
lo the first sound. we shifted the stimu-
fus to the other sound of the stimulus
pair. If an infant grows familiar with
one stimulus and then encounters a
stimulus It perceives as differen:. iis
rate of sucking ordinarily increases,

The resuits showed that infants. like
peopie who command a language, per-
ceive differences in voice-onset time
categorically. When both the sounds to
which an infant subject was exposed
iay Oon the same side of the 30-millisec.
ond boundary, the shift from one
sound to another evoked no increase in
sucking rate. The infanis appeared not
to notice the change in voice-onset
time. On the other hand. when the
stmuhi fell on opposite sides of the
boundary, a sharp increase in sucking
rate ocourred at the shift. indicating
that the infants perceived 4 change.

Other investigators and | have dis-

covered further perceptual boundaries
in infanis’ responses (o the acoustic in-
formasion in speech. Like adults, they
respond categorically to changes in
the onset frequency of the second and
third formants. an acoustic cue that in-
dicates differences in the place of artic-
uiation of a consonant. The same pat-
tern holds in their responses to the
acoustic cues that signal the distine-
tions between nasal and stop conso-
nants, exemplified by the initial sounds
of Mak and sas. and between stop
consonanis and semivowels such as the
initial sound of was.

It is difficult to see how learning
could account for the mode of percep-
tion we have demonstrated in infants.
What events during the first few weeks
of life would train an infant to respond
categoricallv 1o gradations of acoustic
properties? A simpler view is that care-
gorization occurs because a child is
born with perceptual mechanisms that

PERCENT OF RESPONSES
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VOICE-ONSET TRAE (MILLISECONDS)

CATEGORICAL PERCEPTION is refiected in curves showing the reiative proportions of
responses when children were asked 1o identify a synthetic speech sonnd with a particndar
voite-onset time as an instance of a voiced {8AF} or 2 voiceiess (PAT) consonantal sound.
tnstead of a linear change in the percentages the curves show that at veice-onset times of
less than 30 millisecomsds the children aimost aiways identified the stimulug as 84357 when
voice-ouset time exceeded 30 mitliseconds, they temded to hear the sound as pan. The
pereeptual tendency shiffed abruptly at 30 milliseconds. The study, done by Catherine G.
Wolf at Brown Univerity, suggests that perceptunl categories, rather than continuous
gradations in the acoustic properties of the speech signai, shape the perception of speech.

are tuned to the properties of speech,
These mechanisms yield the forerun-
ners of the phonemic calegories that
later will enable the child unthinkinghy
to convert the variable signal of speech
inte a series of phonemes and thence
into words and meanings.

If these perceptual mechanisms do
represent a biological endowment,
they should be unmiversal. The same
perceptual patterns shouid occur inin-
fants of every linguistic background.
In research reporied in 1973 Robert E.
t.asky, Ann Syrdal-Lasky and Robert
E. Klein, then at the Institute of Nutri-
tion in Panama. investigated the per-
ception of voice-onset time by Guate-
malan infants, born into a Spanish-
speaking environment. The group's
experimental methods differed from
those used in our 1971 study: in place
of changes in sucking rate they used
changes in heart rate as the gauge of
infants' response to the speech pat-
terns. The study also tested sensitivity
e & voleing category we had omitted.
one found among stop consonants al
the beginning of svitables in That and
in a number of other languages aj-
though not in Faglish. 1o this so-called
prevoiced category the vocal cords be-
gin to vibrate up to 100 milliseconds

before the release of alr, in a kind of
prefatorv hum.

Lasky and his co-workers exposed
the infanes to three pairs of stimuli. In
the first pair the voice-onset times fell
at 20 and 60 mlliseconds afier conso-
nantal reiease: thus the two sounds fay
on opposite sides of the voiced/voice-
less boundary recognized by speakers
of English and other languages, al-
though as it happens not by Spanish
speakers, The stimull in the second
pair had voice-onses times of 60 and 20
rtiliseconds prior to consonantal re.
lease and fell on opposite sides of the
prevoiced/voiced boundary of Thai,
o the sounds of the final pair voicing
began 20 milliseconds before and 20
milliseconds after consonanial release.
Spanish speakers, in coOnrast 10 speak-
ers of many other languages, perceive
the voiced/voiceiess boundary as fall-
ing between those two values.

The tracings of heart rate recorded
any increases that occurred when the
infants, having grown accustomed (o
the first sound of a stimulus pair, heard
the second sound. The dara showed
the yvoung subjects responded o the
prevoiced/voiced distinction, with a
houndary between 60 and 20 millisec-
onds before consonantal release, and
also 1o the voiced / voiceless distinction

£y



with a boundary between 20 and &0
milliseconds following reiease. The
voicmg distinction pecnliar 10 Span.
ish evoked no change in heart rate.
I 1976 Lynn A. Streeter. then at the
Bell Laboratories, published evidence
that infants born into & Kikuyu-speak-
ing culture in Kenvya display much the
same percepiual patiern as the Guate-
matan babies. Richard N. Aslin. David
B. Pisoni, Beth L. Mennessy and Alan
1. Perey of Indiana University recently
compieted the study of voice-onset-
time sensitivity among infants in En-
glish-speaking communities by show-
ing that they respond 1o the prevoiced/
voiced contrast just as thev do to the
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volged/voiceless  distunction. U ap-
pears thatl mfants the worid over are
cguipped with an inborn sensiivity
w these three categories of volsing,
whether or not the distinctions are in-
portant in rheir parent language.

he perception of speech is a com-

piex and subtle process. which the
studies O categorical perception de-
scribed so far probe only in the sim-
plest terms. The acoustic information
that enables 2 listener to perceive
distinciions in voicing tiustrates the
point. So {ar we have treated the essen-
tial information 4s a single continuum
of time measuring the interval between

consonantal release and the beginning
of voicing. in ordinary speech. how-
cver, at interpiay of temporal and
spectral factors governs the perception
of veicing distinctions, These acoustic
properiies injeract in what might be
catled perceptual rading relations: a
change i the value of one property
sliers the vaine of another at which the
percepiual boundary falls.

For exampie. because of funciional

charactenistics of the mechanisms of
articulation, the frequency of the first,
or {owest, {ormant rises as voice-onset
time increases. Qur perceptual system
seems 10 be attuned to the relation: a
frequency change can substitute {or a
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SHIFT IN A PERCEPTUAL BOUNDARY can accur when two
seoustic cues are aitered independently, The consonants beginning
the six syiiables shown in spectrogrsphic form vary in voice-onset
titne and in the onset frequency of the lowest formans to adall
ears the sounds sre the syliables ban and zag. At » bigh onset
frequency (top row, visible in second and third spectrogramsi in-

fapts detected the Dadi/TAH contrast between sounds having voice-
anset times of five and 30 milliseconds. When tire onset frequency
was tow {second amd thind spectrograms in botiem row), volce-onset
sime had to increase to between 30 and 55 milliseconds before the
infants reacied to the phonemic contrast, Such interactions between
two ucoustic varizbles are known as perceptusi trading relations.
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vhange in the temporat cue. When the
first formant begins al a higher ifre-
guency, the effect s the same as if the
volce-onser time had lengthened. Ag
a resuit. at higher onset frequencies
aduits perceive the voiceds/voiceless
boundary eariier in the contnuum of
voite-onsel fimes.

The same subtleties are appareni in
the perceptual systems of infanis. In
1983 Joanne L. Miller of Northeast-
ern University and I showed that one
perceptual trading relation found in
adults also holds in infants’ responses.
We {found that the voice-onset tire at
which three- and four-month-old in-
fants recognize a shift from the voiced
initial sound of the syllable paH 10 the
voiceless sound of Tan varies with the
onset {requency of the first formant.

A second complication in the per-
ceptual process arises {rom the fact
that the category boundaries perceived
by adults shift not only as a result of
the interpiay of multiple cues bur also
with varigtions in Acoustic context. In
this respect as well infants display the
forerunners of more mature patierns
of perception. Miller and I have shown
that infants, ke adalts. distinguish the
stop consonant of san and the semi-
vowel of wan differently depending on
the duration of the vowel sound that
fellows. The acoustic basis of the dis-
tinction is the length of the formant
transitions: the periods needed for the
central frequencies of the formants o
reach the values appropriate for the
vowel that follows, In the case of gan
the {formant transitions are swift: with
waH they are siower. The jonger the
vowel duration is. however, the slower
the formant ransitions mus: be before
infants recognize a change in stimulus
from BAH 10 WaM.

Other quite complex effects of con-
text on the categorization of speech
by infants have been demonstrated.
Juseezyk and his associates at the Uni-
versity of Cregon found a shift in the
formant-onser frequencies ar which
infants detect g distinction between
phonemes differing in place of articu-
fation. The boundary valuye wvaried
depending on whether an additionsl
band of noiselike acoustic energy was
present, signaling a fricative rather
than a step consonant.

The complex mechanism of categor-
ical perception enables an individ-
ual 1o recognize phonemes consistent-
ly in dpite of great variation in crucial
acoustic parameters. Other kinds of
variability blur the definition of the
speech signal even further, The length
of syllables. along with other temporal
characieristics of speech, changes with
rate of speech and patterns of empha-
sis: wide variations in the fundamen-
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BARY RECOGNIZES A PHONEMIC CONTRAST in an experiment devised by Patri.
cia K. Kubl of the University of Washington to investigate infants’ sbilify to distinguish
contrasting phonemes from aceusticaily varied instances of the same phoneme. In this case
the baby, its attention held by a 1oy, ignored variations in speaker and intonation among
repetitions of the vowel sound /a/, as in PaP (uph. When instances of the vowel /17, us
in PEEP. interrupted the sequence. the infant turped away from the toy and toward the
toydspeaker (bortom). indicating recognition of the linguistically important contrast, The
sight of 2 mechanical stuffed rabbit. illuminated in its case on top of the Joudspeaker when
the contrasting phoneme was played. served to reward the infant’s aceurate respanse,

ial frequency of veoicing and in the
spacing of resonant freguencies ocour
a5 a result of the speaker’s sex. age
and emotional state. Some mechanism
must enable us to listen through the
varigtion to hear the same phoneme
each time it is spoken. This phenome-
non of perceptual consiancy cannot
be investigated directlv in infants.
But studies of infants’ abiiity to form
equivalence classes-.groups of stimuli
that evoke the same response in spite
of obvious differences—suggest infants
possess at ledst the forerunners of per-
ceptual constancy.

Patricia K. Kuhl and her colleagues
at the University of Washington have
investigated the formation of equiva-
fence classes for the sounds of speech
in six-month-old infants. In the first
stage of each experimment the Kuhl

group trained infants to turp their
head 90 degrees toward a loudspeaker
whenever 4 series of contrasting stimu-
li interrupted a background sound; the
sight of & colorful, moving toy that ap-
peared above the loudspeaker as the
contrasting sequence was played re-
warded successful responses. In one
cxperiment identical instances of the
vowel sound /a/, as in pop, served
as the background stimulus: identical
versions of /1/, as in PEEP, provided
the contrast. Once the training was
compiete the stimuli were varied: the
vowels, /a/ and /1/, retained the
same but the infants now heard both
vowels in a variety of voices and into-
nations. Seguences withoul contrast-
ing stimuil, in which every sound was
a variant of /a/, served as conerols.
The Infanis’ sneeees in cinnlisme oo



conirasting stimuii and ignoring with-
in-category acoustic variations dur-
ing the comirol rrials was impressive,
When Doth inappropriate head-turn-
ings and missed COnIrasis were Couni-
ed, they averaged about 30 percent
correct: In seven out of eigh! cases the
infanis scored berter than i their re.
sponses had reflected chance. When
Kuhl and her colleagues repeated the
experiment with the acousticaily less
distinctive vowels /a/ and /57 {as in
pAW), the infants sil couid detect
equivalent sounds. aithough less reli-
ably: the propertion of correct re-
sponses fell 1o 67 percent and only
four out of eight infants bettered the
expected score for random responses.

When both the background and the
contrasting sequences included arbi-
rrarily chosen variants of both /a8 / and
1/, however, the infants could nor
learn to differentiate members of the
wo sequences, in spite of the reward
elicited by a correct response. They
could not be trained to recognize an
arbirary grouping of sounds that had
ne linguistic property in common,
They could respond correctly, indicat-
ing they had orgamzed diverse stimuli
into eguivalence classes. only when the
background and contrasing sequen-
ces represented different categories of
speech. The tinding s further evidence
that long before nfants can speak and
understand they are particularly sensi-
tive 1o the acoustic distinctions crucial
1o the comprehension of spesch. It
adds weight 10 the case for a set of
inborn mechanisms that are special-
1zed for speech perception.

The diversity among the sound sys-
tems of human languages makes i
¢lear that enviropmental factors affect
the perceptual dispositions with which

ENGLISH BACKGROUND
-
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aninfant is born. What happens as the
linguistic environment c¢reated by a
child's parents and companions inter-
acis with inborn perceptual mecha-
nisms? It appears that perceprual hori-
zons narrow as a child learns his or her
native language. The child retains and
probably sharpens those perceptual
capacities that correspond to phone-
mic distinctions in the parental lan-
cuage but loses the ability to detect
distinctions that do not eceur in the
native language.

tudies of volce-onsel-time percep-
tion testify 1o the decling in some
discriminasive powers as the infant de-
velops, While infants from diverse lin-
guistic backgrounds respend to con-
wrasts in prevoiced, voiced and voice-
iess initial consonants. adult speakers
of some languages, inciuding English,
reognize only the distincuon between
the voiced and the voiceless calegories.
Adthough native adult Japanese speak-
ers are virtually unable 1o perceive
the distinction berween the sounds of
‘r/ and /1/ without special training,
| have found that the distinction is
among those 10 which American in-
fants—and presumably Japanese in-
fapis-have an ionate sensitivity. Simi-
iarly, research by Janet F. Werker of
Prathousie University in Nova Scotia
and Richard C. Tees of the University
of British Columbia showed that six-
to eight-month-ofd infanis from an
English-speaking backeground readily
distinguish phonemic contrasts in Hin-
di and Salish. a North American indi-
an ianguage. When they were iesied
again 4t the age of 12 months. the same
infants, iike English-speaking adults.
did not detect the contrasts to which
they had garlier been sensitive,
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WANING OF UNUSED PERCEPTUAL POWERS is evident in the responses of infants
from an English-speaking background fo lingmistic contrasts that are foreign to English.
When Janet F, Werker of Dalthousie University in Nova Scotiz and Richard C Tees of the
Usniversity of British Columbia simultaneocusty tested infants in differsnt age groups, the

praportion respoading 1o ¢

tal contrasts from Hindi and Satish, a North American

Tadian Ewnguage, fell rapidiy with age. One-year-old Hindi and Salish infants, in contrast,
retain the capacity to pereeive the Hinguistic contrasts native to their respective lunguages.

The decline in perceptual abilities
ihrough exposure 10 a restricted envi-
ronment s familiar. When kittens are
ralsed wearing goggles that limit the
visual input of one eve 10 a series of
horizontal stripes and that of the other
eve to vertical stripes, corresponding
areas of the visual cortex lose thelr sen-
sitivity (o stripes running in other di-
rections. Such losses seem 1o be hrre-
versible. no matter how varied the ani-
mal's later surroundings. In conirast.
we ¢an recover at least some of our
inttial capacities o detect the acous-
de informauon underlying phonemic
contrasts. For iastance, when the
acoustic information ¢ritical to phone-
mic distincgions in Mind: and Salish is
embodied in sounds that usually are
not heard as speech, English speakers
can detect differences o which they
are ordinarily insensitive.

Apparently the reswicted linguistic
environment of one's native language
does no! inactivate unused percepiual
mechanisms completely, We learn to
iisten primarily for the acoustic dis-
tinclions that correspond 1o phonemic
contrasts in our own language. Given
the right task or instructions, however,
we can detect unfamiliar acoustic dis-
tinctions even though we do not per-
ceive them as marking phonemic con-
trasts. Furthermore, with enough ex-
perience the perception of non-native
distinctions begins to operate st the
phonemic tevel: after considerable ex-
perience with spoken English. native
speakers of Japanese can distinguish
ihe phonemes /r/ and /1/ categorical-
Iy and almost as accurately as native
Ernglish speakers. The [act that percep-
1ual mechanisms available to us as in-
farnts can still operate in adulthood, af-
ter long disuse, confounds hypotheses
that early experience with language
immutably alters some of the mecha-
nisms of speech perception.

he most dramatic demonstration

of the innate mechanisms of per-
ception other workers and | have stud-
ied, however, takes place in infancy, as
a child begins to learn its parents’ lan-
zuage. It s now clear that an infant 15
born with many of the underpinnings
of later speech perception and com-
prehension. it may be that like the spe-
cialized anatomy of the vocal tract and
the speech centers in the brain these
innate perceptual capacities evolved
specifically for the perception and
comprehension of speech. They are an
evolutionary answer to the need for
cach infant to acquire its parenmts’ lan-
guage and culture as eariy in life as
possible. The etfectiveness of these
mechanisms is reflected in the swift-
ness with which a child ioins the com-
munity of language.







