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Human adults and human infants show a
“perceptual magnet effect” for the prototypes
of speech categories, monkeys do not

PATRICIA K. KUHL :
University of Washington, Seattle, Washington |

Many perceptual categories exhibit internal structure in which category prototypes play an
important role. In the four experiments reported here, the internal structure of phonetic categories
was explored in studies involving adults, infants, and monkeys. In Experiment 1, adults rated \
the category goodness of 64 variants of the vowel /i/ on a scale from 1 to 7. The results showed
that there was a certain location in vowel space where listeners rated the /i/ vowels as best in-

further removed from the prototypic /i/ vowel. Experiment 2 went beyond this initial demonstra-
tion and examined the effect of speech prototypes on perception. Either the prototypic or a non-
prototypic /i/ vowel was used as the referent stimulus and adults’ generalization to other mem-
bers of the category was examined. Results showed that the typicality of the speech stimulus
strongly affected perception. When the prototype of the category served as the referent vowel,
there was significantly greater generalization to other /i/ vowels, relative to the situation in which
the nonprototype served as the referent. The notion of a perceptual magnet was introduced. The
prototype of the category functioned like a perceptual magnet for other category members; it as-
similated neighboring stimuli, effectively pulling them toward the prototype. In Experiment 3,
the ontogenetic origins of the perceptual magnet effect were explored by testing 6-month-old in-
fants. The results showed that infants’ perception of vowels was also strongly affected by speech |
prototypes. Infants showed significantly greater generalization when the prototype of the vowel i
category served as the referent; moreover, their responses were highly correlated with those of
adults. In Experiment 4, Rhesus monkeys were tested to examine whether or not the prototype’s

~ magnet effect was unique to humans. The animals did not provide any evidence of speech proto-
types; they did not exhibit the magnet effect. It is suggested that the internal organization of
phonetic categories around prototypic members is an ontogenetically early, species-specific, aspect
of the speech code. . .

Human perceptual systems group stimuli into cate-
gories, many of which exhibit internal structure. Evidence

(Garner, 1974; Goldman & Homa, 1977; Mervis &
Rosch; 1981; Rosch, 1975, 1977).

of internal structure and organization derives from data
indicating that all members of a category are not perceived
as equal. Category goodness is a matter of degree, where
some members are perceived as better exemplars, more
representative or prototypic, than others (Rosch, 1975).

Work on the internal structure of categories and proto-
types of categories has typically been done using stimuli
in the visual domain (e.g., color or physical objects).
Studies of visual categories show that good exemplars of
a category have privileged status; they are more quickly
encoded, they are more durably remembered, and they
are often preferred over other members of the category

This research was supported by a grant to the author from the Na-
tional Institutes of Health (DC 00520). The author thanks D. Padden
and E. Stevens for animal testing and statistical analyses, and Andrew
Meltzoff for insightful comments on an earlier draft of the paper. Cor-
respondence should be sent to Patricia K. Kuhl, WJ-10, University of
Washington, Seattle, WA 98195.

J
ﬁ stances, or prototypes. The perceived goodness of /i/ vowels declined systematically as stimuli were
lr
)
|
!
)
{
!
)L
!
)

93

The focus of the experiments reported here is the under-
lying psychological structure of speech categories. The
questions are: Do speech categories exhibit internal struc-
ture, and if so, do prototypes’ play a role in structuring
speech categories? There is some evidence relevant to
these issues. For example, it has been demonstrated that
members of a phonetic category differ in perceptual
potency; certain stimuli are more effective adaptors in
selective adaptation experiments (Miller, Connine,
Schermer, & Kluender, 1983; Samuel, 1982) and are
more effective competitors in dichotic competition experi-
ments (Miller, 1977; Repp, 1977). Moreover, when lis-
teners are asked to rate the category goodness of individual
members, it has been shown that individual exemplars
vary in the degree to which they are perceived as good
exemplars of the category (Grieser & Kuhl, 1989; Kuhl,
1986; Miller & Volaitis, 1989). Thus, the work suggests
that speech stimuli, like complex stimuli from other do-
mains, are graded, both quantitatively (certain members
are more effective than others) and qualitatively (certain
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stimuli are perceived as better exemplars than others).
These data provide evidence that speech categories may
be organized with reference to a good exemplar, a proto-
type of the category. ‘

The claim has been made that speech prototypes are
represented in long-term memory (Grieser & Kuhl, 1989;
Kuhl, 1990; Oden & Massaro, 1978; Samuel, 1982). In
this laboratory, work has focused on how phonetic
prototypes—representations of phonetic events stored in
long-term memory—function in perception. An equally
important goal has been to study the origins of prototypes,
from both an ontogenetic and a phylogenetic perspective.

Regarding ontogeny, our initial studies showed that in-
Jants’ perception of vowel categories is affected by typi-
cality, as defined by adulr speakers of the language
(Grieser & Kuhl, 1989). In the Grieser and Kuhl experi-
ment, infants were tested in a task in which either a
“‘good’’ vowel (a vowel judged to be a prototypic exem-
plar by adults) or a ‘‘poor’” vowel (nonprototypic) was
used as a referent to which novel vowels from the category
were compared. The results showed that infants’ gener-
alization to novel vowels was affected by the goodness
of the referent stimulus. In other words, when the proto-
type (as opposed to the nonprototype) served as the refer-
ent vowel, infants generalized to a significantly larger
number of the novel vowels, effectively perceiving a
larger speech category. Moreover, the finding that the
prototype resulted in greater generalization suggested that
phoneme categories may be represented by prototypes in
human infants just 6 months of age.

The purpose of the present experiments was to extend
these results to further examine the nature, function, de-
velopment, and species specificity of speech prototypes.
Speech prototypes were investigated in three popula-
tions—human adults, human infants at 6 months of age,
and Rhesus monkeys—using identical stimuli and only
minor variations in the techniques and procedures used
to test the three populations. Previous experiments have
shown that nonhuman animals exhibit some of the speech
effects that have been demonstrated in young human in-

“fants, such as categorical perception (see Kuhl, 1987,
1988, for review). Although categorical perception effects
may not be species-specific, the processing of speech sig-
nals that depend on a phonetic level representation should
not be demonstrable in nonhuman animals. One goal,
therefore, was to determine whether the effect of stimu-
lus goodness seen in human infants was also found in an
animal, or whether human and animals’ perception of
speech diverged at this level of analysis.

The present experiments examined four questions:
(1) Do exemplars of a vowel category judged as belong-
ing to the same phonetic category nonetheless vary in per-
ceived category goodness (typicality) to adult speakers of
the language? (2) Does perceived typicality affect adults’
perceptual organization of the speech category? (3) Does
typicality as established by adults differentially affect in-
fants’ perceptual organization of vowel categories? (4) Is
the perceptual effect of typicality attributable to basic au-

ditory processes common to monkey and man, or is the
effect of typicality unique to human adults and infants?

EXPERIMENT 1

Conducting prototype experiments for speech categories
required (1) a set of stimuli from a single speech category
that varied acoustically so that we could examine how
acoustic variation affected perceived typicality, and (2) a
method that could be used to test whether the category
goodness of a vowel stimulus differentially affected per-
ception of other stimuli in the category.

A new set of stimuli was generated for use in these ex-
periments. The stimuli provided twice the degree of acous-
tic variation that was present in the set of stimuli used
by Grieser and Kuhl (1989). The stimuli were generated
and goodness ratings were obtained from adult listeners
in Experiment 1. These stimuli were then used to test how

_speech prototypes function in perception for adults (Ex-

periment 2), infants (Experiment 3), and monkeys (Ex-
periment 4),

Method

Subjects

Sixteen adults, with normal hearing, participated in Experiment 1.
There were 8 subjects in each of two conditions. All had some train-
ing in phonetics and were students at the University of Washing-
ton. They ranged from 20 to 41 years of age, with a mean of 27.2
years. Each subject was paid $5 for participating in the experiment.

Rationale for the Design of the Experiments

The first hypothesis being tested was whether, for adults, vowel
stimuli varied systematically in perceived goodness; however, the
purpose of Experiment 1 went beyond this. The goal was to create
a set of stimuli that revealed how quality judgments were affected
by distance from the category prototype. We therefore wanted
stimuli that varied in quantifiable steps.

Moreover, stimuli that varied in quantifiabie steps were neces-
sary to achieve the second goal in this set of experiments, which
was to examine the role played by the category prototype in struc-
turing the category. The plan was to select a prototype and a non-
prototype stimulus from a vowel category and measure stimulus
generalization around each of them using stimuli that varied in quan-
tifiable steps. The specific question was whether listeners (adults,
infants, and animals) tested on the prototype would show a greater
degree of generalization to other stimuli in the category than they
would when tested on a nonprototype of the category. If speech
categories have no internal structure, then the degree of generaliza-
tion to variants surrounding the prototype and the nonprototype
should not differ; generalization should simply depend on psycho-
physical distance from each of the two vowels. However, if the
category is internally structured, generalization should differ signif-
icantly; specifically, the prototype should show broader generaliza-
tion to other members of the category than should the nonprototype.

Stimuli
The /i/ vowel, as in peep, was chosen for use in these studies.

. There were two reasons for this. First, the vowel /i/ is used univer-

sally in the world’s languages; it is one of the three *‘point’’ vowels
(/i/, /a/, and /u/), the vowels that are at the articulatory and acoustic
extremes of the vowel space (Jakobson, Fant, & Halle, 1969). If
prototypes for vowels exist, these three vowels would seem to be
ideal candidates. K. N. Stevens’s (1972, 1989) ‘‘quantal theory”’
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asserts that these three vowels are acoustically more stabile than

other vowels. Second, previous data from our lab had shown that

infants correctly categorize perceptually diverse instances of /i/

vowels, ones spoken by men, women, and children (Kuhl, 1979;

Kuhi, 1985a, for review). Infants’ ability to categorize vowels ac-

cording to phonetic category makes it possible to go further and

explore whether these categories show internal structure and or-
ganization.

The prototype and honprototype vowels. Grieser and Kuhi
(1989) synthesized a large set of /i/ vowels for the purpose of select-
ing a prototype and a nonprototype from that category. The /i/ vowel
stimuli covered the entire range of formant frequencies produced
by typical male speakers (Peterson & Barney, 1952). We selected
an /i/ vowel that was consistently judged by adult speakers of the
language as the best /i/ (see rating procedure below) and designated
itas the prototype (P) /i/. A second vowel was chosen from among
the set of vowels that had been synthesized. This /i/ vowel was con-
sistently judged by adults as a relatively poor exemplar of an /i/
vowel and was designated the nonprototype (NP) /i/. It is of fun-
damental importance to the logic of the study that this relatively
poor exemplar was always judged as /i/ rather than as some other
vowel by adults; both the P and the NP were easily identified as

exemplars of the /i/ category.

Variants around P and NP /i/ vowels. We created a set of
category variants that surrounded the P and the NP, forming four
orbits around each of the stimulj (Figure 1). The distance between
the four orbits and the P (or the NP) vowel was equated in psycho-
physical terms. The metric used to equate the psychophysical dis-
tance of the orbits from P and NP was the mel scale (S. S. Stevens,
Volkmann, & Newman, 1937).

The formants of vowels have often been plotted on a linear fre-
quency scale (e.g., Peterson & Barney, 1952). There are two rea-
sons for converting formant frequencies to their corresponding pitch -
values on a mel scale (Fant, 1973). First, the mel scale is essen-
tially linear at low frequencies and logarithmic at high frequencies;
this corresponds well to spatial location on the ear’s basilar mem.-
brane. Second, the minimum perceptible shift in formant pitch is
the same order of magnitude for all three formants when formants
are converted to mels. The mel scale was originally invented to
equate the magnitude of a perceived change. in pitch at different
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Figure 1. Formant frequency values in mels for stimuli surround-
ing a center vowel stimulus. The stimuli form four orbits and eight
vectors around the center stimulus. The stimuli on each orbit are
a specified distance in mels from the center vowel (30, 60, 90, or
120 mels, starting from the first orbit); the eight stimuli on each
orbit differ in the direction and amount of formant frequency change.
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Figure 2. The prototype /i/ vowel (P) and variants on four orbits
surrounding it (open circles) and the nonprototype /i/ vowel (NP)

and variants on four orbits surrounding it (closed circles). The stimuli
on one vector were common to both sets.

frequencies. Using the mel scale in the present case allowed the
creation of stimuli that differed from the P and the NP in uniform
steps. Thus, the variants around the P and the NP were scaled in
a common metric, and this equated psychophysical distance between
the four orbits and their respective vowel targets.

Formant frequency values were chosen from a mel-scaled vowel
space such that there were 32 variants, eight located on each of
four orbits (01-04) around the two vowel stimuli. O; was located
30 mels from the target vowel: O through Oy were located at 60,
90, and 120 mels, respectively (Figure 1). To illustrate how the
stimuli were made, consider stimuli on Vector 1 around P. Here
the P's second formant was increased to create new variants. The
amount of change was dictated by the orbit the new variant was
on: to create the variant on Oy, the P's second formant was increased
by 30 mels; on O, the P's second formant was increased by 60 mels,
and so on. The formula used to relate absolute frequencies to their

-mel-scale equivalents was the one recommended by Fant (1973);
y=klog(l + J/1000), where y is the mel-scale value, & is a con-
stant, and f is the formant frequency in hertz.

The entire set of variants orbiting P and NP is shown in Figure 2.
Note that the stimuli along one vector were common to both the
P and the NP sets.

Synthesis. The stimuli were created using Klatt's (1980) cascade-
parallel speech synthesizer, which was simulated on a DEC PDP
11/34 computer. Amplitude contours, fundamental frequency con-
tours, formant frequency values, and formant bandwidth values were
entered to produce vowel stimuli with five formants. The variants
were created by manipulating the values of the first and second for-
mants; the values of the third, fourth, and fifth formants remained
constant for all vowels at 3010, 3300, and 3850 Hz, respectively.
The bandwidths of the first three formants were set at the values
recommended by Klatt (1980). The stimuli were 500 msec in du-
ration. The fundamental frequency for all stimuli began at 112 Hz,
rose to 132 Hz over the first 100 msec, and dropped to 92 Hz over
the next 400 msec to produce a rise-fall contour. The stimuli were
presented at 68 dB SPL, measured on the A scale of a sound-level
meter (Bruel and Kjaer, 2106) Placed in the approximate position

of the subject’s head.

Adult goodness ratings. Quantitative ratings of category good-
ness (typicality) of each variant were obtained using a 7-point rat-
ing scale (7 = a good exemplar, one representative of the /i/ vowel
category as a whole; | = a poor exemplar, one not representative
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ADULT "GOODNESS" RATINGS
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Figure 3. Category goodness (typicality) ratings for the prototype /i/ vowel, the nonprototype /i/ vowel, and the variants surrounding
each of the two vowels. Typicality was judged by adults using a scale from 1 (a poor exemplar) to 7 (a good exemplar). The size of the
circles correlates with the degree of goodness, with larger circles indicating better exemplars.
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