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Linguistic Experience and the
“Perceptual Magnet Effect”

Patricia K. Kuh! and
Paul Iverson

Listening to a foreign speaker shows how exten-
sively language experience alters perception. The sounds emitted are
a jumble to us; however, they make perfect sense to a native speaker
of that language. What differs in the two listeners? It is not how they
process the signal at the level of the ear’s basilar membrane. What dif-
fers is that one individual can recognize the signal, while the other
cannot. The native listener hears familiar sounds and words; the other
a stream of unrecognizable noises. In other words, what differs is the
mind of the beholder.

The thesis of this chapter is that language experience alters the
mechanisms underlying speech perception, and thus, the mind of the
listener. Previous research provides ample evidence of the role of lin-
guistic experience in speech processing (Strange this volume; Strange
and Jenkins 1978; Werker and Polka 1993). Simple tests of our abilities
to discern differences between the sounds used in different languages
reveal a dramatic developmental change. At birth infants hear differ-
ences among all of the sounds of human language. However, by the
time we reach adulthood, our abilities to differentiate the sounds of
the worlds’ languages is greatly reduced. The infant has been
described as a “citizen of the world” and the adult as “culture-bound”
in this regard (Kuhl 1993a). The questions are: What changes? What is
the mechanism that underlies the change from a language-general to a
language-specific listener?

New studies in our laboratory shed some light on the issue (see
also Jusczyk, Hohne, and Mandel this volume). The studies suggest a
mechanism by which language experience alters phonetic perception.
The mechanism is exhibited in a phenomenon called the “perceptual
magnet effect” (Kuhl 1991a). The magnet effect shows that exposure
to a particular language results in a distortion of the perceived dis-
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tances between stimuli; in a sense, language experience warps the
acoustic space underlying phonetic perception. A model that incorpo-
rates these results—the “Native Language Magnet” (NLM) model—
argues that exposure to language early in life produces a change in
perceived distances in the acoustic space underlying phonetic distinc-
tions, and this subsequently alters both the perception of spoken lan-
guage and its production (Kuhl 1992a, 1993b, 1993¢, 1994).

The impact of this on language processing is considerable, both for
the infant learning a first language and for the adult attempting to learn
a second language. Language is processed through a distorted lens; the
lens acts as a filter through which language passes. Thus, what is per-
ceived as a large difference between two sounds to an individual from
one linguistic environment may not be perceived to differ at all by an
individual from another. The theory being developed is that learning a
primary language results in alterations of the underlying perceptual
mechanisms that affect the processing of language from that time for-
ward. The results and theory help explain a very old problem in speech
perception: the fact that as adults we perceive speech sounds differently
depending upon our native language. In the broadest sense, the results
provide an example suggesting how experience can alter the mind.

The purpose of this chapter is to review the data that reveal this
perceptual distortion and explore the implications of the resulting
model of perception, including those that have been raised about the
model’s applicability to second-language learning. The model allows
us to predict the kinds of results that should be obtained when we
examine in detail the development of phonetic perception of infants in
two different countries, and when we test adults from two different
language environments on sounds not contained in their native lan-
guage. The goal is to see how far the model takes us in terms of ex-
plaining the relevant developmental and cross-language phenomena.

The chapter is written in three parts. First, we review the phenom-
enon that has been uncovered in the studies—the “perceptual magnet
effect.” Next, we review two new studies that contribute further to the
emerging story. The first study provides data on Motherese that explore
the potential effects of language input on the child (Andruski et al. in
preparation); the second provides new data from multidimensional
scaling experiments that show the distortion of physical space in
greater detail (Iverson and Kuhl 1995, in press). Finally, we describe
the NLM model (Kuhl 1992a, 1993b, 1993c, 1994) that incorporates
these data and explore its implications for speech perception.

PERCEPTUAL MAGNET EFFECT

The finding that led to the development of the NLM theory is that
adults’ and infants’ phonetic perception is altered as a function of ex-
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posure to language. Our results provide strong experimental. evidence
that simply listening to the ambient language alters phonetic percep-
tion. We describe these results in detail. They suggest how experience
can alter the perceptual systems of individuals.

Studies on Phonetic Prototypes

The underlying organization of phonetic categories is 'revealed when
we test listeners with phonetic “prototypes.” The notion of a Eroto-
type is attributable to Eleanor Rosch who defined prototypes as good
instances” of categories, instances that are representative of the cate-
gory as a whole (Rosch 1975, 1978; see also Posner and Keele 1968). In
the literature on psychological categories, it has been demonstrated
that the prototypes of categories have a unique perceptual status.
Good instances of categories (a collie, rather than a dachshund, of ’the
category dog; a robin, as opposed to an ostrich, of the category bird)
are easier to classify, easier to remember, and preferred over othgr
members of a category (Mervis and Rosch 1981; Rosch 1975, 1977). It is
important to note, however, that we use the term prototype r}arrowly,
defining it as a good instance of a category without embracmg what
has been called “prototype theory” in the cognitive literature (e.g.,
Posner and Keele 1968). Prototype theory assumes that what peqple
store in their heads to represent a category is an abstract statistical
summary (also termed a prototype) of the category. The issue pf the
form that stored mental representations of speech might take is dis-
cussed later in the chapter.

Kuhl and her colleagues (Grieser and Kuhl 1989; Kuhl 1991a; see
also Miller 1994) made two initial discoveries regarding phonetic pro-
totypes. First, studies revealed that adult listeners of a particular la1.1-
guage were adept at identifying best instances (p.rot(?types) of phonetic
categories in their native language. Second, the fmduTgs demonstrated
that phonetic prototypes functioned in a special way in speech percep-
tion. Prototypes function as “perceptual magnets” for other sounds in
the category, as illustrated conceptually in Figure 1. The tests demon-
strated that when listeners hear a prototype of a phonetic category and
are asked to compare it to sounds that surround it in an acoustic space
(as shown in Figure 1A), the prototype displays an attractor effect on
the sounds around it (as shown in Figure 1B). The prototype perceptu-
ally pulls other members of the category toward itself, thus the magnet
metaphor. Poor instances from the same category (nonprototypes) do
not function in this way. The magnet effect implies that the perceptual
distance between outlying sounds and the prototype is reduced.

Vowel Tests and the Magnet Effect
The initial tests using phonetic prototypes were done on vowgls
(Grieser and Kuhl 1989; Kuhl 1991a). In pilot studies, over 100 /i/
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vowels were synthesized. Speakers in the Pacific Northwest who
spoke a general American dialect were asked to rate the vowels usin
a 7-point scale where a “7” was an excellent exemplar and a “1” wasg
poor exemplar. As a result of these tests, two vowels were identified
one that adult listeners thought was an excellent version of the / i/l
;fv(;vsvcael (;gielr)rcetd to as the prototype, P) and one that adults thought
n /i/ but not a ve i
tre nonprototye. N ry good instance of the category (referred to as
To illustrate the magnet property of the prototype vowel, the first
and second formant frequencies of the P and NP vowels werle altered
In small steps in a mel-scaled vowel space to create 32 variants that
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surrounded each of them (formants three, four, and five were held
constant). The variants orbiting the P and NP were scaled to be equally
distant from their center vowel, as shown in Figure 2 (for further
details, see Kuhl] 1991a). Adults” and infants’ ability to hear a difference
between the P and its variants and the NP and its variants was tested.
The magnet effect predicts that the prototype vowel will sound more
similar to its variants than the nonprototype will sound in relation to
its variants, even though acoustic distance is equated. In other words,
the effect predicts that you must go further away from the prototype
before you can hear a difference between the P and its variants when
compared to the NP and its variants.

Adults and infants were tested similarly with only minor age-
appropriate variations in technique. Six-month-old infants were tested
using the head-turn preference procedure (HPP, see Polka, Jusczyk,
and Rvachew this volume). Babies sat on a parent’s lap while an assis-
tant, located on the infant’s right, moved silent toys to maintain the
infant’s attention. At the same time, a sound was repeated out of the
loudspeaker located on the infant’s left. The baby was taught to turn
away from the assistant and toward the loudspeaker when the sound
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Figure 2. The prototype /i/ (P) and its 32 variants (open circles) and the
nonprototype /i/ (NP) and its 32 variants (closed circles). The shaded area
shows stimuli used in Iverson and Kuhl (1995).
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coming from the loudspeaker changed. If the infant turned toward the
loudspeaker at the appropriate time, a dark plexiglass box above the
loudspeaker was lit up and a toy bear housed inside became visible
and began pounding a drum. The parent holding the infant and the
assistant wore headphones and listened to music so that they could
not hear the stimuli and influence the infant’s responses.

Infants listened to either P or NP, which was repeated as the
background sound over the loudspeaker. The background sound
(either P or NP) was changed to one of its variants during 6-sec. test
trials to see whether infants responded to the change in the sound by
turning their heads. An equal number of control trials were inter-
spersed in which the sound was not changed, but infant headturns
were monitored to ensure that infants were not producing false posi-
tive responses (for further details, see Kuhl 1985, 1991a; see also Polka,
Jusczyk and Rvachew this volume). When adults were tested, they
pressed a response button rather than producing a head-turn re-
sponse. The test was identical in all other respects.

The results showed that both adults and infants demonstrated a
strong magnet effect (Kuhl 1991a). The infant data are displayed in
Figure 3, which plots the average results of two studies on infants
(Grieser and Kuhl 1989; Kuhl 1991a). A greater percentage of the
variants were equated to the prototype (the solid line) than to the
nonprototype (the dashed line) at each distance. Infants did not dis-
tinguish many of the variants from the prototype. Infants in the non-
prototype group were better able to distinguish variants. Adults test-
ed in the same task also equated significantly more variants to the P
than to the NP (Kuhl 1991a).

To test the species specificity of this behavior, Kuhl (1991a) tested
thesus monkeys in the Same basic task, with only minor modifications.
The reason monkeys were of interest was that previous work in Kuhl's
laboratories had shown that monkeys share certain speech perception
abilities with human infants. For example, monkeys demonstrate
“categorical perception” (for review, see Kuhl 1987, 1991b). The cate-
gorical perception ability is demonstrated in young human infants in
the absence of linguistic experience (e.g., Streeter 1976). Coupled with
the results on animals, this finding led Kuhl (1991a) to conclude that
the categorical perception phenomenon in infants was attributable to
general auditory processing mechanisms, and that this ability was
very deeply embedded in our Phylogenetic history (Kuhl and Miller
1975, 1978; Kuhl 1988, 1991b). Kuhl argued that the categorical percep-
tion phenomenon was exploited in the evolution of the sound system

used in language (Kuhl 1987, 1988). Testing the perceptual magnet
effect with monkeys was designed to answer whether the prototype
phenomenon is similar to categorical perception, with monkeys ex-
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Figure 3. Results showing that the prototype is equated.to its' v'arian: mor(ra
often than is the case for the nonprototype, and thus, that it exhibits a stronge

perceptual magnet effect.

ibiting i r whether the magnet effect is species specific.'
hlblt;\rligriz;sw lffltlé:i) a response key togindicate the detection of a dlffgr-
ence rather than producing a head-turn response, and they wer.edrelﬁ:
forced with applesauce rather than a visible toy. The task was i in i
cal in all other respects. Interestingly, the results showed that mon ety?
displayed no magnet effect. Monkeys equated variants to the proto
type and to the nonprototype to the same degree (Kuhl 1991a).

Linguistic Experience and the Magnet Effect o

The data thus revealed an ability exhibited by infants early in life—by
6 months—and one that was not replicated in monkeys. '.I'}.\e next
question was the degree to which the magnet effecF, as exhibited by
6-month olds, was the product of linguistic experience. Would the
magnet effect be demonstrated by all 6-month-old .mfants .regacridlesi
of language experience? If so, we could argue that it constitute pa;

of infants’ innate biological endowment for lang.ua”ge. Steven§ (1989)
has shown that certain vowels, primarily the ”pomt vowels / 1/_ ,/al/,
and /u/, are particularly stable from an acoustic standpomt. Thlds;ug-
gested that the American /i/ might be a part{cularly l.lkely candidate
for early demonstration of the magnet effect, irrespective of language
expegintcffe other hand, by 6 months of age, the magnet phenomgnon
could differ in infants being reared in different laqguage environ-
ments. By 6 months of age, infants have heard a.c<_)n31derable amount
of native-language input, and this might be sufficient to alter percep-
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tion. Perhaps by simply listening to language, infants have already
learned something about its properties (see also Jusczyk, Hohne, and
Mandel this volume). This alternative would suggest that learning
contributes in a profound way, even before infants can speak.

The method used to test these two developmental alternatives
was to conduct a cross-language experiment (Kuhl et al. 1992). The
goal of the study was to test infants from two different language envi-
ronments, English and Swedish, using vowel prototypes from both
languages. Kuhl et al. (1992) reasoned that if the magnet effect was
unaffected by linguistic experience then both groups of infants would
behave identically, either by exhibiting the magnet effect for both
vowel prototypes, or by both groups showing the effect for only one
of the two vowels. Alternatively, if the magnet effect was due to lin-
guistic experience, then it should be observed only for the native-
language vowel prototype.

The Swedish language allowed us the better test of the hypothesis.
Infants in Sweden hear many /i/ vowels, but none is identical to the
American English unrounded /i/. Tests showed that adult Swedes
considered the American English /i/ a poor member of the Swedish
/e/ category (for details see Kuhl 1992b). The Swedish vowel we
chose to test was the front rounded / y/, a vowel not produced by
American adults and thus never heard by American babies. The
Swedish /y/ prototype vowel and its 32 variants (shown in Figure 4)
were synthesized using the same techniques used to create the
American English /i/ and its variants (for details see Kuhl et al. 1992).
To conduct these tests, the entire laboratory and research team was
moved to Stockholm, Sweden. This ensured that all aspects of the tests
in the two countries were identical except the language experience of
the infants who were tested in the two countries.

The results clearly showed that the perceptual magnet effect in
6-month-old infants was affected by exposure to a particular language
(Figure 5). American infants showed a significantly stronger percep-
tual magnet effect for the American English /i/ when compared to
the Swedish /y/. Swedish infants showed the opposite pattern, demon-
strating the perceptual magnet effect significantly more strongly for
the Swedish /y/ vowel. Figure 5 shows the mean number of trials in
which infants treated the variants from each of the four rings sur-
rounding English /i/ and Swedish /y/ as identical to the prototype
vowel. American infants’ data are shown at the top; Swedish infants’
data are shown at the bottom. When American infants listened to the
American /i/ vowel, they treated significantly more of the variants as
identical to the prototype than when they listened to the Swedish /y/
vowel. When the Swedish infants listened to the very same stimuli,
they reversed the effect. They showed a greater tendency to treat the
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Figure 4. Two vowel prototypes, American English /i/ and Swedish /y/,
each with 32 vowel variants, used in a cross-language study on 6-month-old
infants in the United States and Sweden.

variants around the Swedish /y/ vowel as identical to it, when com-
pared to the American /i/ vowel. The data indicate a highly reliable
statistical interaction between the language environment of the infant
and the sound tested. No other effects were significant. American
infants did not differ overall from Swedish infants, and overall perfor-
mance on the two sounds did not differ. Only the interaction of the two
factors was significant. In both cases, infants heard fewer variati.ons
in their native-language prototype when compared to the foreign-
language prototype; the variants in the native-language category were
perceptually pulled toward the prototype to a greater degree.

The results revealed an effect of language experience that was
measurable by 6 months of age, clearly demonstrating that infant§’
exposure to ambient language alters their perception of the pho'netlc
units of language. This is the earliest age at which linguistic experience
has been found to affect phonetic perception.

NEW DATA ON PERCEIVED GOODNESS AND THE MAGNET EFFECT

Language Input to the Child: Motherese and “Good” Vowels

The cross-language results indicated that infants listen to speech, and
that something is altered in their perceptual systems as a result of t‘hat
listening experience. Infants are bathed in language fr.om the time
they are born, and this early language experience affects infants, high-

e e —————
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Figure 5. Results on American (A) and Swedish (B) 6-month-old infants tested
on two vow'el prototypes, American English /i/ and Swedish / y/. Infants from
both countries equated variants to their native-language vowel prototype more

often than for the foreign-language vowel prototype, pr i
, produci
magnet effect for their native-language soundp. YPe P 78 @ stronger

lighting the importance of the speech addressed to them. To learn
something about the nature of language input to the child, we under-
.took a large study that examines the amount and phonetic content of
infant-directed speech, specifically looking at “motherese,” the special
ig;;:)ch-style used by caregivers when addressing infants (Fernald

. We.know that the prosodic characteristics of motherese are
unique: it has a higher pitch, a slower tempo, and exaggerated intona-
tion contours. We also know that this speaking style is near universal
in the speech of caregivers worldwide when addressing infants (e.g.,
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Grieser and Kuhl 1988). Motherese is socially pleasing and attention
getting, and parents from almost all cultures use it when speaking to
their infants. Research in Kuhl's laboratory also has shown that
infants prefer to listen to Motherese over speech directed toward
another adult (Fernald 1985; Fernald and Kuhl 1987). In other words,
Motherese attracts infants” attention. It is also “yowel-drenched.”

In ongoing work, we show that the vowels contained in Mother-
ese are perceived as better instances than the same vowels spoken by
the same women when addressing an adult. In the study, 32 women
were recorded speaking naturally to their 2-month-old infants and to
an adult. They were told to use three words containing the vowel /i/
in both conversations: “bead,” “keys,” and “sheep.” The three words
were edited out of these dialogues and rated by adults using the 7-
point rating scale. The results showed that Motherese vowels were
rated significantly higher than adult-directed vowels. We also found
that mothers prolong vowels when they speak to infants. As shown
in Figure 6, the word “bead” spoken to an infant is nearly three times
longer than when spoken to an adult. Longer vowels were rated as
significantly better instances than shorter vowels, regardless of
whether they were contained in adult-directed or infant-directed
speech. In other words, Motherese contains a large number of vowels
that tend to be prolonged, and prolonged vowels are perceived as
better instances of vowel categories. Thus, infants may find it easier
to focus on the vowels of Motherese. The important theoretical point
is that in addition to its social-affective role, Motherese may play
another role in language development—it may “tutor” infants on the
sound patterns of their native language.

The Magnet Effect in Adults: Analysis Using Signal Detection Theory
and Multidimensional Scaling

The magnet effect implies that the area around a phonetic prototype
is associated with reduced discrimination sensitivity when com-
pared to areas around nonprototypic members of the category. This,
in turn, suggests that the perceptual space underlying a phonetic cat-
egory is distorted so that the perceptual distance around a prototype
is reduced. Our next goal was to examine these implications in
greater detail using adult speakers of English (Iverson and Kuhl
1995).

For these experiments, 13 tokens (highlighted in Figure 1) were
selected from the set employed by Kuhl (1991a). To address the issue
of absolute sensitivity, we applied signal detection methods and theory
to calculate d” (a measure of sensitivity), thus assessing the magnet
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effect using a bias-free measure (Green and Swets 1966; Macmillan,
Kaplan, and Creelman 1977; Macmillan and Creelman 1991). To exam-
ine the influence of the magnet effect on the underlying perceptual
space, we used multidimensional scaling (MDS) to model reaction
times in a discrimination task (a measure of similarity). Multidimen-
sional scaling assigns stimuli to locations in a geometric space so that
distances in the space correspond to perceived similarity (Shepard
1962a, 1962b). Geometrically modeling the similarity of tokens allowed
us to examine whether there is distortion of the perceptual space near
the category prototype, as suggested by the magnet effect.

Three experiments were conducted. The first experiment gathered
goodness and identification judgments for the 13 stimuli. The second
experiment employed a discrimination task to measure sensitivity
along the continuum using a bias-free measure (d’). Finally, the third
experiment employed MDS to map the distortion of the perceptual
space due to the magnet effect.

In the first experiment, subjects were asked to identify the 13
stimuli as either the vowel in “he” or the vowel in “hay.” Subjects had
not been given a choice between two vowels in Kuhl (1991a); they had
simply been asked to rate each stimulus as a member of the category

_ /1/p Figure 7 displays the average identification and goodness ratings

from Iverson and Kuhl (1995). Nine tokens were identified as /i/
("he”) greater than 50% of the time, and the four tokens on the right
end of the continuum were more often identified as /e/ (“hay”).
Although the subjects in this experiment heard some tokens as
belonging to the /e/ rather than the /i/ category, the goodness ratings
indicated that none of the tokens most often categorized as /e/ were
particularly good exemplars of that category. For the tokens most often
identified as /i/, tokens near the Kuhl (1991a) P stimulus received
consistently higher goodness ratings than those near the Kuhl (1991a)
NP, supporting the earlier findings. However, the tokens to the left of
the P on the continuum received higher goodness ratings than the
tokens to the right of the P, suggesting that the prototype for these
subjects may have been in a somewhat more extreme region of the
vowel space. -

The second experiment by Iverson and Kuhl (1995) was designed
for analysis within the framework of signal detection theory (Green and
Swets 1966) as extended to the same-different discrimination paradigm
commonly used in speech perception research (Macmillan, Kaplan,
and Creelman 1977; Macmillan and Creelman 1991). Subjects heard
two stimuli on each trial and judged if they were same or different. A
comparison of the percentage of hits (“different” responses when the
stimuli were different) and false alarms (“different” responses when
the stimuli were the same) allowed for orthogonal measurement of the
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Figure 7. Stimuli on a single vector from Kuhl (1991a) used in Iverson and
Kuhl (1995) in discrimination and multidimensional scaling experiments.
Stimuli were identified as /i/ or /e/ and then rated on a 7-point scale indi-
cating its perceived quality as a member of that vowel category (717 = “poor,”
and “7” = “excellent”).

sensitivity (d’) and response bias for each pair of tokens (Macmillan,
Kaplan, and Creelman 1977; Macmillan and Creelman 1991).!

Subjects heard two stimuli on each trial and judged whether the
stimuli were the same or different. In one block of trials, subjects were
presented with a random ordering of the Kuhl (1991a) P stimulus
paired with the tokens 30, 60, or 90 mels away in both directions on

UIn Kuhl's (1991a) initial tests of the magnet effect, a “go/ no-go” psychophysical
technique was selected so that adults, 6-month-old infants, and rhesus monkeys could
be tested with only minor adjustments to procedures. With this technique, subjects lis-
tened to a constantly repeating background stimulus while monitoring the stimulus for
a change in the sound. In tests on all three populations, there were 50% test trials and
50% control trials. On test trials, the stimulus was changed during a 4.5-sec. observation
interval, and subjects were rewarded for detecting the change (adults and infants with a
visual stimulus; monkeys with applesauce). On control trials, the stimulus was not
changed, and subijects were monitored to assess the probability of false positive
responses (see Kuhl 1991a for further details). The “go/no-go” technique measured the
four trial outcomes of discrimination experiments (“hits,” “correct rejections,” “misses,”
and “false alarms”) and allowed calculation of an overall percent correct measure based
both on test and control trials (“hits” + “correct rejections”/2). However, the decision
criteria of the “go/no-go” technique have not been studied systematically, making it

difficult to evaluate sensitivity and response bias reliably within the context of signal
detection theory.
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the continuum. In another block, subjects were presented thh a ran-
dom ordering of trials composed of the Kuhl (.199la) NP stl.mulus,
also paired with tokens 30, 60, or 90 mels away in both directions on
the continuum. Measures of d’ (Kaplan, Macmillan, and Creelman
1978; Macmillan and Creelman 1991) were calgulated for egchl s.ub]ect.
Figure 8 displays the d’ data. As shown, subjects were significantly
worse at discriminating stimuli from the P than from the NP, support-
ing the findings of Kuhl (1991a). Additionally, dlSCI.'lmlrlathn was s;\g
nificantly lower to the left of the P than to the right of thg P: T hIS
establishes the magnet effect for stimuli that are all clearly within the
/i/ vowel category, and supports the assertion of a correspondence
between goodness judgments and discrimination, begause goodness
ratings were also higher to the left of the P thar} to Fhe right of P. There
was no significant difference between discrimination to the'left of the
NP and to the right of the NP, even though tokgns to the rlght. of the
NP were more often judged as belonging to a different phonetic cate-
gory (/e/). Taken together, the data show that the perceptua} ma.\gnef
effect reduces sensitivity to acoustic differences near prototypic stimuli
independent of response bias. This result has now been replicated by
Sussman and Lauckner-Morano (1995).
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Figure 8. Signal detection analysis of the results of a vowel discrimination
experiment. The bias-free estimate of sensitivity (d’) is reduced aro'u.ru'i thg
prototype (P) when compared to the nonprototype (NP), and sen51t1v1tf)f1 is
poorer to the left of P than to the right of P, as predicted by the magnet effect
(from Iverson and Kuhl 1995).
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Iyerson and Kuhl’s (1995) third experiment employed multidi-
mensional scaling (Shepard 1962a; 1962b) to examine whether the per-
ceptual space underlying the vowel category is distorted, as suggested
by the magnet effect. Most previous MDS experiments on vowels have
employed tokens from different phonetic categories, and they have
revealed a high correspondence between acoustic differences and dis-
tances in MDS solutions based on measures of perceptual similarity
(Pols, van der Kamp, and Plomp 1969; Shepard 1972; Terbeek 1977;
Fox 1982, 1983, 1985). Dimensions in MDS spaces have corresponded
quite closely to acoustic measurements of vowels (F1, F2, and F3), so
‘that MDS solutions tend to match traditional acoustic maps of vowel
inventories. Additionally, Kewley-Port and Atal (1989) demonstrated
that subphonemic differences between vowels are effectively mapped
using MDS. Acoustic differences between stimuli of the same phonetic
category were represented in MDS solutions as well as acoustic differ-
ences between stimuli of different phonetic categories.

A related technique has also been used by Nosofsky (1984; 1986)
to examine distortions of perceptual similarity due to attention. When
subjects classify multidimensional stimuli into categories, subjects pay
more attention to dimensions that are relevant to the categorization
task and less attention to irrelevant dimensions. This influence of
attention can be modeled as distortions in a multidimensional space
so that the distance between tokens along attended dimensions is:
“stretched,” while the distance between tokens along unattended
dimensions is “shrunk.”

Iverson and Kuhl (1995) similarly used MDS to assess potential
shrlr?kmg and stretching of the perceptual space underlying vowels.
Additionally, the interstimulus interval (ISI) was varied in an initial
attempt to evaluate the influence of memory on the magnet effect.
Subjects heard all possible pairs of the 13 tokens at three different ISIs
(25, 250, and 2500 ms) and judged whether the tokens in each pair
were the same or different. Listeners initiated a trial by pressing a
response key, and they continued to press the key during the presen-
ta'tlon of stimuli. If they thought the tokens were different, they imme-
diately stopped pressing the key. If they thought the tokens were the
same, they continued to press the key until the computer signaled the
trial was over (2 sec. after the onset of the second token). Their
response (“same” or “different”) and reaction time (RT) on different
responses was recorded for each trial. Trials were blocked by ISI, with
the order of blocks counterbalanced among subjects. ’

Each subject’s responses were put into the form of three triangular
matrices (one matrix for each ISI) listing the log average RT for each
oair of tokens. Intersubject correlations demonstrated that RTs were
1ghly consistent among subjects. These ratings were then averaged
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across subjects to form three triangular matrices (one for each ISI), and
these average matrices were analyzed separately using the Kruskal
(1964a, 1964b) MDS technique. All three matrices were fit with one-
dimensional solutions, displayed in Figure 9. Reaction times were
modeled with MDS so that tokens with long RTs (high similarity)
were placed close together on the dimension, and tokens with short
RTs (low similarity) were placed far apart.

The perceptual magnet effect was apparent at all three ISIs. The
/1/ tokens with the highest goodness ratings were clustered more
tightly than the /i/ tokens with lower goodness ratings, supporting
the findings of Kuhl (1991a). The prototype acted as a perceptual mag-
net by drawing tokens toward the prototype in the perceptual space.
Additionally, tokens most often identified as /e/ were clustered more
tightly than the worst /i/ tokens, although the clustering was not as
tight as for the best /i/ tokens. This suggests that tokens on the right
end of the continuum may have been approaching a prototypic loca-
tion in the vowel space for the /e/ category, although none of these
tokens was an excellent exemplar of that category. The MDS solutions
were similar for all three ISIs. Additional statistical analyses revealed
that subjects were slower with longer ISIs; however, there was no sig-
nificant interaction between ISI and the magnet effect, suggesting that
the influence of the prototype did not become greater with the
increased memory load (for discussion, see Iverson and Kuhl 1995).

The three experiments reported by Iverson and Kuhl (1995) thus
provide additional support for Kuhl’s (1991a) finding of a perceptual
magnet effect for phonetic prototypes. The use of a bias-free measure
revealed reduced sensitivity to stimulus differences around the phonetic
prototype, as suggested by the perceptual magnet effect. In addition,
the use of MDS showed that the magnet effect causes a distortion of the
perceptual space in the region of the prototype. Specifically, perceptual
distance appears to be shrunk in the region where the best instances
occur, while it is stretched in the regions where the worst instances
occur. Taken together, the results suggest that perception within a
speech category is not equivalent over the entire category (Grieser and
Kuhl 1989; Kuhl, 1991a). The best instances of the category are asso-
ciated with reduced discrimination and perceptual clustering.

[t will now be important to extend these findings on the magnet
effect to other phonetic units. Ongoing studies in our laboratory are
now focused on consonants. One line of studies examines the acoustic
cues that correlate with perceived category goodness for the voicing
contrast /k/ versus /g/ (Davis and Kuhl 1992, 1993, 1994; Davis,
Iverson, and Kuhl in preparation). In addition, preliminary tests with
synthesized consonants indicate that the magnet effect will effectively
characterize both the perception of consonant voicing, as in the /k-g/
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consonant contrast (Davis and Kuhl 1994) and perception of the liquid
/1-1/ consonant contrast {Iverson and Kuhl in press; Kuhl 1994, 1995).

NATIVE LANGUAGE MAGNET MODEL

The studies just described have led to a new theory of the development
of speech perception, called the native language magnet theory (Kuhl
1992a, 1993b, 1993¢, 1994). The theory accounts for the early period of
speech perception covering roughly the first year of life, prior to the
time that infants acquire word meaning and contrastive phonology.
The theory holds that infants’ early exposure to language spoken by
their caretakers results in the formation of speech representations that
constitute the beginnings of language-specific speech perception. These
early speech representations are argued to play a critical role in infants’
perception of native- and foreign-language sounds and also to play a
critical role in guiding their initial attempts at speech production.

A model of speech perception development has to account for
infants” early speech perception abilities as well as changes in those
abilities that accompany language experience in the first year. What
constitutes the biological endowment at the phonetic level of language?
What, on the other hand, is acquired in ontogeny? The NLM theory
holds that what is “given by nature” is the ability to partition the sound
stream into gross categories separated by natural boundaries, as
schematically illustrated in Figure 10A. These boundaries, shown here
as divisions in a two-formant vowel space, convey the fact that infants
are born with a capacity to resolve the acoustic differences between
sounds that belong to different phonetic categories. In tests of categori-
cal perception, infants have shown that they are sensitive to the acoustic
cues that underlie phonetic distinctions in language. Their abilities to
discriminate speech sounds are particularly keen at the boundaries
between phonetic categories. Infants discriminate phonetic units that
straddle the boundaries between two phonetic categories, while failing
to discriminate phonetic units that fall within a single phonetic cate-
gory. This is true both for consonants (Eimas et al. 1971; Eimas 1974,
1975) and for vowels (Swoboda et al. 1978). These divisions do not indi-
cate that discrimination ability between and within categories is as
categorical as the initial adult studies suggested (e.g., Liberman et al.
1967); they merely suggest that infants show better discrimination for
pairs of stimuli that straddle these boundaries than for pairs of stimuli
that do not. The ability to resolve fine differences in speech that signal
changes in phonetic categories is extremely helpful for the infant and, as
described later, plays a role in infants’ abilities to organize their initial
category representations.

It is important to note, however, that the boundary effects shown
in Figure 10A are not entirely unique to humans; some are also dis-
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played by nonhuman animals (Kuhl and Miller 1975, 1978;

Pad.den 1982, 1983). The theory Kuhl is developing Ithus cleli;};l ?1:::
thg m'far.*nt's ability to hear the relevant differences between phonetic
units is innate and attributable to general auditory processing mecha-
nisms. Perceptual boundaries are not argued to be attributable to spe-
cial processing mechanisms that evolved in humans especially for lan-
guage. According to this account, these “basic cuts” in auditory
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perception helped guide the initial selection of stimuli for a phonetic
inventory (for review and discussion, see Kuhl 1987, 1988).

Given that the acoustic space is initially divided by natural psycho-
physical boundaries that are shared by certain nonhuman animals,
what is acquired in human ontogeny? Based on the data gathered in
the perceptual magnet studies reported here, NLM claims that by 6
months of age, infants have something more than the basic cuts they
were born with. By 6 months of age, infants show evidence of lan-
guage-specific magnet effects. This is illustrated in the plots shown in
Figure 10B. Here the centers of the acquired magnet effects in vowel
space are schematically portrayed for infants being raised in three dif-
ferent countries: Sweden, America, and Japan. The graphs are not
meant to be precise with regard to the locations of magnet effects.
They convey in conceptual terms the idea that linguistic experience in
the three different cultures has resulted in magnet effects that differ
in number and location for infants growing up listening to the three
different languages.

" Where do the magnet effects come from? According to NLM,
magnet effects are the result of infants’ analysis of language input.

“They are derived from infants’ representations of the distributional

properties of vowels produced by native speakers of the language.
Infants” perceptual boundaries help this process of magnet acquisition.
The boundaries set limits on what the infants’ representations must
organize. Thus, infants’ analysis of language input results in category
representations (magnets) that summarize a restricted area rather than
the entire vowel space. To complete this description, additional work
on Motherese will be helpful. We plan to analyze language input to
the child in the three languages of interest, Swedish, American English,
and Japanese. Our hypothesis is that the distribution of vowels in the
three languages will be very different, and that these differences in
language input will account for infants’ varying perceptual representa-
tions by 6 months of age.

Native Language Magnets and the Perception of
Foreign Language Sounds

What about infants’ perception of foreign-language sounds? NLM
theory holds that acquisition of native-language magnet effects subse-
quently alters the perception of differences in phonetic space. Perceptual
magnets warp the acoustic space underlying phonetic distinctions by
shrinking the perceived distance between good instances and sur-
rounding stimuli, and stretching the perceived distance in the region
of the phonetic boundary. This will cause certain perceptual distinctions
to be maximized (those near the boundaries between two magnets),
while others are minimized (those near the magnet attractors them-
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selves). The effects of infants’ acquisition of perceptual magnets on
the underlying phonetic space is shown in the schematic diagrams of
Figure 10C. In essence, magnets cause certain boundaries to “recede”
as the perceptual space is reconfigured to incorporate a language’s
particular magnet placement. Work on adults suggests that the
boundaries do not literally disappear; that is, it is possible to increase
performance on the discrimination of foreign-language contrasts in
adults with extensive training (e.g., Logan, Lively, and Pisoni 1991 ;
MacKain, Best, and Strange 1981; Flege this volume). These training
c!ata suggest that the alterations in perception that occur as a result of
linguistic experience do not alter the sensory ability to discriminate a
contrast. Rather, the data suggest that the change occurs at a higher
level, one that involves memory and/or attention. The point being
made in Figure 10C is that exposure to a given language results in the
dgvelopment of a speech representational system that alters the under-
lying perceptual system, as suggested by the magnet effect, reducing
the prominence of certain distinctions when compared to the lan-
guage-general initial state (Figure 10A).

We know from the data obtained by Werker and her colleagues
(Werker and Polka 1993; Werker this volume) that infants aged 10-12
months exhibit a failure to discriminate foreign-language sounds that
they had discriminated earlier. According to NLM, developing magnets
pull sounds that were once discriminable toward a single magnet,
making the sounds no longer discriminable, According to the theory,
magnet effects developmentally precede and underlie the changes in
infants’ perception of foreign-language contrasts. Data gathered in
vowel studies by Werker and Polka (1993) are in line with this hypoth-
esis. The NLM theory thus offers a mechanism that explains the “reor-
ganization” in phonetic perception that Werker observed.

The magnet effect may help account for the results of studies on
the perception of sounds from a foreign language by adults. These
sfu@es suggest that phonetic units from a foreign language that are
sxﬁm‘xlar to a category in the adult’s own native language are particularly
difficult to perceive as different from the native-language sound; sounds
tI‘}at are not similar to a native-language category are relatively easy to
discriminate (Best, McRoberts, and Sithole 1988; Best 1993, this volume).
The classic example of /1-1/ discrimination by native speakers of
Japanese could be accounted for by this model. The segments /1/ and
/1/ are not phonemically contrastive in Japanese, and native speakers
have difficulty with the contrast even after considerable training
(Yamada and Tohkura 1992; Yamada this volume). The NLM suggests
that native language Japanese prototypes may distort the perception
of Japanese listeners such that the /1-1/ contrast becomes less distinc-
tive (Kuhl 1994, 1995).
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Kuhl is currently conducting developmental studies in Japan that
will help clarify whether the NLM’s prediction about the relationship
between the magnet effect and foreign-language consonant discrimi-
nation is correct. In collaboration with Shigeru Kiritani and Toshisada
Deguchi in Japan, the plan is to do three experiments with infants
residing in the United States and Japan. In the first, the discrimination
of /1/ and /1/ will be tested in both groups at 6 months of age, an age
argued to be prior to the point at which magnet effects develop for
consonants, based on Werker’s data. The prediction is that both the
American and the Japanese 6-month-old infants will initially show the
ability to discriminate the /1/ and /1/ sounds. (Eimas [1975] demon-
strated that 2- to 3-month-old American infants discriminate /1/ and
/1/. Japanese infants have not previously been tested on the English
/1/ and /1/ consonants.) Next, studies will establish the age at which
the magnet effect for the /1/ and /1/ consonants occurs in American
infants; Japanese infants will also be tested on the magnet effect for
/i/ and /1/, but the theory predicts that they will not show a magnet
effect for these consonants. Finally, once the age at which American
infants exhibit the magnet effect for /1/ and /1/ has been established,
American and Japanese infants older than the established age will be
tested on the same /1/ and /1/ stimuli used previously. The NLM
predicts that at this later age, Japanese infants will fail to show dis-
crimination of English /1/ and /l/, while American infants tested at
the same age will continue to succeed in discriminating the two
sounds.

This same argument about the role of language experience in
infancy on the discrimination of foreign-language contrasts can be
applied to adults learning a second language. Studies on second-
language learning suggest that the acquisition of a new language by
adults poses difficulty at the level of phonology (Flege 1987, this vol-
ume; Bohn this volume; Rochet this volume). In particular, it has been
suggested that the native-language categories of the listener somehow
interfere with the ability to perceive the phonetic distinctions in the
new language. The theory Kuhl has put forward argues that the mag-
net effect contributes to this difficulty. As shown in the studies
reviewed here, native-language magnets distort the underlying per-
ceptual space, and this results in the “attraction” of similar sounds.
This, in turn, makes certain foreign-language distinctions difficult to
perceive, such as the segments /1/ and /1/ for native speakers of
Japanese. The prediction that stems from the theory is that the difficulty

posed by a given foreign-language unit will depend on its proximity
to a native-language magnet. The nearer it is to a magnet, the more it
will be assimilated to the native-language category, making it indistin-
guishable from the native-language sound (see also Best 1993, Flege
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this Yolume, for arguments about which cross-language contrasts will
be difficult and which easy to discriminate). Phonologists interested in
second-language learning have developed an analogy that is consis-
tent with the hypothesized magnet effect. The phonetic categories of
one’s native language have been described as forming a “sieve”
through which the phonetic units of the newly acquired language
must pass (Trubetzkoy 1939). The idea developed here, that good
Instances of native-language categories act as magnets that filter the
new language’s phonetic units, provides a mechanism that explains
this phenomenon.

While we currently have no data that address this issue, the topic
9f second-language learning raises an interesting developmental
issue, that of bilingual exposure to language early in life. We have yet
to cpnduct experiments on infants reared in a bilingual home in which
the infant is regularly exposed to two different languages. Our interest
would be in tracking the development of the magnet effect in infants
reared in bilingual homes using as test stimuli the sounds of both

languages. The hypothesis would be that infants would show magnet
effects for the sounds of both languages

Unanswered Questions: Are Speech Representations Being Formed?

The NLM theory has argued that infants are beginning to form speech
representations, some type of memory for the sounds of their native
language (.Kuhl 1994, 1995). 1t is possible, of course, that there are no
representations, per se, being formed, and that the alterations seen in
perception are the result of changes in perceptual networks indepen-
de_nt of memory for specific sounds (see Jenkins and Yeni-Komshian
this volume, for discussion). Studies in Finland (Aaltonen and Eerola
‘1993) that independently replicate the magnet effect in Finnish sub-
jects listening to good versus poor instances of their /i/ and /y/ vow-
e1§, suggest that event related potentials (ERP) correlate very well
with the perceptual magnet effect. These brain potentials are consid-
fered “preperceptual” and occur early in the processing of auditory
information. These findings thus lead to the suggestion that the mag-
net effect is operating at an earlier level than we might have sug-
posed. Future studies will have to be done using this technique. The
ERP approach may prove helpful, for example, in mapping the devel-
opment of the magnet effect in infants between birth and 6 months

This would allow us to examine the level at which the perceptuai
magnet effect is present and the age at which it develops.

The Finnish data also provide some indication of the robustness
of the perceptual magnet effect. The magnet effect was replicated in
three studies in our laboratory (Grieser and Kuhl 1989; Kuhl 1991a:
Iverson and Kuhl 1995), and also cross—linguistically in America anci
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our laboratory in Stockholm (Kuhl et al. 1992). It was also replicated in
studies completed in other laboratories (Sussman and Lauckner-Morano
1995), in addition to the studies being done in Finland (Aaltonen and
Eerola 1993). Such results indicate that the effect is robust.

What Form Might Speech Representations Take?

If speech representations are being formed, there are three issues with
regard to representation that must be addressed in future studies. All
have to do with the exact form that speech representations take (see
also Pisoni and Lively this volume). Specific questions are: (1) whether
speech representations consist of individual exemplars or abstract
summaries; (2) how the effects of context are reflected in speech repre-
sentations; and (3) whether speech representations are solely percep-
tual as opposed to polymodal in nature. '

Considering the first issue, early theorists studying good stimuli
assumed, because representative instances of categories were associated
with special effects, that this meant that people mentally calculated and
stored some abstract version that characterized the category as a whole
(Posner and Keele 1968; see Pisoni and Lively this volume for further
discussion). It was assumed that as people experienced new items
from a category, a generalization about those items as a group was -
formed, such as an average of all the experienced exemplars. As the
number of instances grew, the details of individual stimuli that gener-
ated the average were not as prominent in memory as the average itself.
Category decisions were thought to be made by comparing newly
encountered items to this summary representation. Prototype abstrac-
tion thus reduced memory load.

An alternative, “exemplar-based” model of categorization, has
recently gained support (Hintzman 1986; Medin and Barsalou 1987;
Nosofsky 1987; Estes 1993). According to this model, classification can
be accounted for by the storage and retrieval of individual exemplars.
Exemplar theories maintain that newly encountered items act as
retrieval cues to allow access to stored individual exemplars from a
category. Because the most representative stimuli (prototypic) are
similar to a large number of individual exemplars, they are more likely
to be retrieved quickly, thus the exemplar model offers an alternative
explanation for the results of studies showing superior or more effi-
cient recognition of prototypic items from a category.

As Estes (1993) and others have pointed out, both models account
for the typical “prototype” effect wherein best instances of categories
show special perceptual effects. In the case of speech, it is unclear what
form the underlying representation of phonetic categories might take.
Typicality effects, such as the magnet effect shown in these studies for
speech, can be accounted for by either type of representation. In regard
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to speech, therefore, we do not thus far take a position as to whether
speech category information might be stored in terms of an abstract
summary or as individual instances. The perceptual magnet effect, as
tested thus far, does not distinguish between the two alternatives in
this debate and is not substantially affected by the debate (see Kuhl
1993b, 1993c¢ for further discussion). We underscore an additional point,
namely that nothing precludes people from having access to both
kinds of memory systems, one that stores information about individual
exemplars and a separate system that stores general category informa-
tion derived from individual exemplars.

Recent studies show that category composites are not only attrac-
tive to subjects, but are formed in an amazingly short time. Human
newborns have been shown to react to composites of individual faces
within 1 min. of exposure to the individual faces (Walton and Bower
1993). These findings buttress earlier results on faces and other com-
plex visual stimuli showing that at an early age, infants have the abili-
ty to abstract a central category representation (for review, see Quinn
and Eimas 1986). Thus, whatever form category representations take,
we will have to account for the fact that composites are attractive to
infants and readily formed in a very short time.

Another issue with regard to representation is the effect of con-
text. There are data to suggest that the location of best instances of the
Category shifts with changes in such variables as the rate of speech
(Miller and Volaitis 1989; Volaitis and Miller 1992; Miller 1994).
Similarly, we would expect that the location of the best instance of /i/

would shift with the gender of the speaker. What we do not yet know

is whether a good instance produced by a male talker has an effect on
perception of instances spoken by a female talker. In other words, we
do not know whether the magnet's attractor effect is restricted to vari-
ants that share certain basic parameters with the tested stimulus (such
as the gender of the speaker) or whether the effect extends to tokens in
which these basic parameters have been changed. These questions will
be answered in future studies.

A final issue with regard to representation is whether or not pho-
netic category information is solely auditory or whether information
regarding the production of speech is also contained in the represen-
tation. Kuhl’s NLM is not a modality-specific nor an exclusively per-
ceptual model of infants’ speech development (Kuhl 1992a, 1993b,
1993c, 1994, 1995). The results of experiments on both adults (Green
and Kuhl 1989, 1991; Green et al. 1991; Massaro 1987) and infants
(Kuhl and Meltzoff 1982, 1984; Kuhl, Williams, and Meltzoff 1991 ;
MacKain et al. 1983) show that people’s perception of speech is nei-
ther modality-specific nor confined to perception. At a very young
age, infants recognize the visual concomitants of an auditory speech

Linguistic Experience and the “Perceptual Magnet Effect” | 147

signal (Kuhl and Meltzoff 1982, 1984; MacKain et al. 198‘3). Mo'rec.)ver,
there are data to suggest that infants have the capacity to imitate
speech vocally very early in life; as early as 12 weeks of age, they hear
speech and move their own articulators to replicate certain features .Of
the sounds that they hear (Kuhl 1994; Kuhl and Meltzoff 1982, 1988, in
press; Meltzoff and Kuhl 1994). .

These kinds of data demonstrate that the speech representational
system is “polymodally mapped” very early in lifg The NLM theory
holds that speech representations are initially auditory, but .that they
become polymodal as infants acquire information (both ylsua} and
motor) about the production of speech. Infants relate auditory infor-
mation to the visual information that accompanies speech, and also
relate it to how they must move their own articulators %n order to pro-
duce speech. Thus, as a result of their experiences in listening to,
watching, and attempting to produce speech, infants’ speech repre-
sentations become polymodal in nature. o

Much as a memory of species-specific song is formed in b1.rd§
prior to the time that production of song begins (for review see Konishi
1989), NLM holds that speech representations initially shapgd I')y au-
ditory input\ eventually guide motor learning. Data on vocal 1m}t§t10n
in 12- to 20-week-old infants indicates that infants have the ability to
store auditory information that subsequently influences their produc-
tion of sound (Kuhl and Meltzoff in press). Thus, the NLM argues‘that
infants’ perceptual representations serve as targets for the ac-quis1tion
of phonetically relevant gestures (for data showing an early influence
of ambient language on infants’ speech production see de Boysson-
Bardies et al. 1989).

DEVELOPMENTAL NEUROSCIENCE AND THE MAGNET EFFECT

Finally, it is interesting to contemplate the neural mechanisms tha.t
underlie the kind of alteration in perception that results from experi-
ence. It is tempting to speculate that the development of lagguagg-
specific speech representations is, in Greenough’s terms, an “experi-
ence-expectant” process (Greenough and Black 1992). These.authors
have argued that certain developmental changes are underlain by an
overproduction of synaptic connections, which are subsequently
pruned to achieve a more efficient neural organization. Synaptic over-
production is seen in situations in which a certain kind of experience
is highly reliable in the environment of the organism. They explain:
“Our terminology for this synapse overproduction process reﬂects .the
apparent fact that the synapses are produced in the eyolutlongrlly-
based expectation that appropriate experience will provide the infor-
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mation that the nervous system needs in order to select the appropri-
ate subset of synaptic connections” (p. 163).

The idea that these magnet effects are built up through an experi-
ence-expectant process is attractive. Native language phonetic input is
a reliable feature of infants’ prenatal and postnatal experience, and
other data on infants confirm the fact that they can learn many regu-
larities of their native language. The earliest effects have to do with
learning the prosodic properties of sound—ones learned in utero—as
evidenced by newborns’ preference for mother’s voice (DeCasper and
Fifer 1980) and their preference for the stress pattern typical of their
mother’s language (Mehler et al. 1988). In work conducted on infants
in the second half-year of life, Jusczyk and his colleagues (1992, 1993,
this volume) have shown that infants learn the regularities that gov-
ern larger units of speech, such as-the prosodic patterns and phonotac-
tic constraints that govern words, phrases, and clauses.

The data presented here showing infants’ early learning of the
phonetic properties of language indicate that infants’ abilities to per-
ceive and store information are broad based, and not limited to
prosodic patterns. Infants are apparently able to learn specific spectral
patterns, such as those that would typify a particular vowel. Taken
together, these studies show that experience with ones’ native lan-
guage early in life results in learning quite specific aspects of the
sound patterns of the language. What we have shown uniquely in the
studies reported here is that learning is accompanied by dramatic
changes in perception. From a neuroscience perspective, infants’ early
automatic learning may be attributable to an evolutionarily-based
expectation that infants of the species will experience patterned audi-
tory input beginning as early as the onset of auditory function in utero
(Kuhl 1994).

SUMMARY AND CONCLUSIONS

Studies on the perceptual magnet effect in speech perception show
that linguistic experience results in a distortion of the perceptual space
underlying speech. The effect shows that a phonetic prototype percep-
tually attracts surrounding stimuli. More specifically, studies confirm
the appropriateness of the magnet analogy. The region surrounding a
good instance or “prototype” of the category exhibits reduced sensi-
tivity and perceptual clustering. Perceptual distance between the pro-
totype and its surrounding stimuli is shrunk, while the region near the
phonetic boundary is perceptually stretched. This distortion of the
perceptual space underlying phonetic categories is attributable to lan-
guage experience. Infants at 6 months of age growing up in two differ-
ent countries, the United States and Sweden, listening to English and
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Swedish, respectively, exhibited the perceptual magnet effect only for
their native-language vowel. Thus, by 6 months of life, well before
they utter or understand their first words, infants demonstrate an abil-
ity to learn simply by listening to ambient language. This suggests a
powerful linguistic representational system that responds automati-
cally given proper input. These data are incorporated into a new model
of the development of speech perception, the native language magnet
(NLM) theory, which describes how innate abilities interact with
infants’ early experience to produce a language-specific and species-
specific pattern of speech perception. The model holds that nature’s
initial structuring in the form of natural boundaries, combined with
the role experience plays in defining language-specific phonetic cate-
gories, results in the development of native-language speech represen-
tations that subsequently alter both the perception of speech and its
production. This view accounts for a large set of available data in in-
fant speech perception. The model also helps explain the perception of
foreign-language sounds by infants and adults. The magnet effects
exhibited by prototypes of native-language categories render certain
foreign-language contrasts less discriminable, making the acquisition
of a second language in adulthood more difficult than the acquisition
of a primary language. The perceptual magnet effect thus illustrates
how exposure to language alters perception and may generally reflect
a mechanism by which experience can alter the mind of an individual.
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Chapter 5

Age-Related Changes in
Cross-Language
Speech Perception
Standing at the
Crossroads

Janet F. Werker

One of the characteristics of scientific progress is
the movement between what appears to be a consistent story an‘d the
emergence of new data that demand alternative explanations. It is my
sense that we are currently at such a crossroads in our understand'mg
of the meaning of experiential influences on infant speech perception.
In this chapter, I develop this thesis. I first present a very bnef‘ sum-
mary of previous research on cross-language phone.tl.c perceptlon in
infancy, in particular, our finding of language-specific mﬂuenCt_a on
phonetic discrimination evident by 10-12 months of age. I then briefly
outline some of the early interpretations given to this work, present
some of the reasons those early interpretations were dismissed, and
briefly outline a more recent descriptive framework we proposed.
Finally, I review some newer evidence that again presents a challenge
to the models that have been offered and attempt to point the reader
in the direction where I think a new synthesis can be found.

EARLY RESEARCH IN CROSS-LANGUAGE SPEECH PERCEPTION

When I first became interested in the area of cross-language speech
perception, there was a suggestion in the literature. {(which had.ngt yet
been adequately tested) that although adults sometimes havg dl_fﬁgulty
discriminating non-native phonetic contrasts, infants can discriminate
native and non-native contrasts with equal ease (for a review of the
early work see Strange and Jenkins 1978). Richard Tees and I condugte_d
a number of studies to test the validity of this conclusion, and if it
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