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Discrimination of auditory target dimensions
in the presence or absence of variation
in a second dimension by infants
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Discrimination of two acoustic dimensions of auditory stimuli, vowel identity and pitch
contour, was tested with infants between the ages of 4 and 16 weeks using the high-amplitude
sucking (HAS) technique. Discrimination of the vowel dimension and the pitch dimension
was tested under two conditions: when a change in the target dimension occurred in the
absence of constant variation in a second dimension, and when a change in the target dimen-
sion occurred in the presence of constant variation in a second dimension. In addition, discrimina-
tion was tested in a combined condition in which one level of the vowel dimension was always
combined with one level of the pitch dimension and the stimulus change to be detected was a re-
combination of the levels of each dimension. Sucking-recovery scores demonstrated that infants
always discriminated a change in the target dimension when it occurred without variation in the
second dimension, regardless of the dimension that served as the target. However, while variation
of the pitch dimension did not alter vowel discrimination, variation in the vowel dimension inter-
fered with discrimination of the pitch dimension. Discrimination was also not evidenced in the
combined condition. Analysis of the group time-to-habituation (TH) data revealed that signifi-
cantly longer TH scores were correlated with a failure to demonstrate discrimination. The data
are discussed in terms of the formation of auditory perceptual categories in early infancy as they
relate to the acquisition of speech and language and, more generally, to developmental attention

and memory for auditory stimuli.

The first decade of research on the perception of
speech in early infancy has produced a large number
of published experiments demonstrating that infants
under 4 months of age are capable of discriminating
among many, if not all, of the sounds that encom-
pass the phonetic inventory commonly used in the
languages of the world (for reviews, see Eilers, 1980;
Eimas & Tartter, 1979; Jusczyk, 1981; Kuhl, 1979a;
Morse, 1978). The human infant, therefore, appears
to demonstrate sufficient auditory acuity early in life
to differentiate among many of the sounds that will
eventually carry meaning.

A portion of the data reported here were presented by these
authors at the 90th meeting of the Acoustical Society of America,
San Francisco, November 1975, and were discussed in a chapter
published by the first author (Kuhl, 1976). The research reported
here and its preparation for publication were supported by grants
from the National Institutes of Health to the Central Institute for
the Deaf (NS 03856 and RR00396) and by a grant to P. K. Kuhl
from the National Science Foundation (BNS 79-13767). The
authors wish to thank A. Maynard Engebretson, who designed
the logic device used in the experiment, Stan Garfield, who syn-
thesized the vowel stimuli, and Joyce Shelnutt, R.N., who assisted
in testing the infants.

Copyright 1982 Psychonomic Society, Inc.
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Another line of research given considerable atten-
tion during the first decade of investigation of infant
speech perception has been the infant’s tendency to
perceive similarities among sounds that are not
physically identical. Two types of investigations have
specifically aimed at the infant’s tendencies to form
perceptual groupings that conform to those of adult
speakers. First, the well-known studies of categorical
perception have compared the infant’s tendencies to
discriminate between stimuli drawn from an acoustic
continuum with discrimination performance of adult
listeners. The classic finding is that infants discrimi-
nate stimuli that straddle the adult-defined ‘“bound-
ary’’ between two phonetic categories better than
they discriminate two stimuli that represent the same
physical difference but fall into a single phonetic
category (Eimas, 1974, 1975; Eimas, Siqueland,
Jusczyk, & Vigorito, 1971), thus replicating the dis-
crimination data obtained with adult listeners
(Liberman, Cooper, Shankweiler, & Studdert-Kennedy,
1967). This result has been taken as evidence that
infants tend to perceptually group the sounds on
either side of a phonetic boundary and that they are
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predisposed to hear a discontinuity at the location of
the phonetic boundary. In addition, it has been
shown that infants respond in this way for contrasts
that are not phonemic in the linguistic environment
in which the infant is being reared, but are phonemic
in some other language environment (Lasky, Syrdal-
Lasky, & Klein, 1975; Streeter, 1976), suggesting the
possibility that infants are sensitive at a very young
age to the universal set of potential phonetic boundaries.

A second type of investigation, again aimed at the
perceptual grouping of auditory stimuli by infants,
involves investigations of the tendency for a listener
to perceive a similarity among stimuli that share their
phonetic labels but differ in other significant respects,
such as the surrounding phonetic context in which
the unit occurs or the talker who produces it (Fodor,
Garrett, & Brill, 1975; Kuhl, 1979b). The tendency
for adult listeners to perceive phonetic units across
context and talker as similar has been termed ‘‘per-
ceptual constancy,”’ since it shares many of the
characteristics of the examples of perceptual con-
stancy in the literature on vision.

Both of these behaviors, the tendency to perceive
differences between sounds drawn from an acoustic
continuum categorically, when only one acoustic
dimension is varied, and the tendency to perceive a
similarity among sounds representing a phonetic
category when both their criterial acoustic dimen-
sions and many irrelevant acoustic dimensions vary,
tap a listener’s proclivity to form auditory categories.
The degree to which the young infant manifests audi-
tory predispositions that are similar to those ex-
hibited by adult listeners and that conform to pho-
netic categories is critical to our understanding of
the infant’s general biological predispositions to
acquire language.

While the data gathered on categorical perception
in human infants is extensive, the data on perceptual
constancy is not. Fodor et al. (1975) examined the
acquisition of a head-turn response for visual rein-
forcement in 14- to 18-week-old infants under two
stimulus conditions. In both conditions, three syl-
lables were randomly presented (/pi/, /ka/, /pu/)
but only two of the three were reinforced. In one
condition, the stimuli being reinforced were phonet-
ically related (/pi/ and /pu/); in the other condition,
the stimuli being reinforced were not phonetically
related (/pi/ and /ka/). The authors hypothesized
that if infants tend to hear the similarity between two
syllables that share the initial consonant in spite of
the differences in the acoustic cues for that conso-
nant and in spite of the irrelevant differences between
the two syllables, such as their vowels, then their
tendencies to learn the association ought to differ in
the two conditions. Their hypothesis was supported.
While the analyses showed that the proportion of
head turns was greater for the reinforced stimuli in

both conditions, a significant interaction followed up
by a simple-effects analysis demonstrated that the
difference between the proportion of head turns to
reinforced and nonreinforced stimuli was significant
only for the phonetically similar group.

Kuhl (1979b) took a somewhat different approach
with 6-month-old infants, using a transfer-of-learning
experimental design. Infants were trained to make a
head-turn response when a constantly repeated speech
sound (the ‘‘background”’ stimulus) was changed to
a second sound (the ‘‘comparison’’ stimulus). If the
infant produced a head-turn response during the pre-
sentation of the comparison stimulus, the infant was
rewarded with a visual stimulus (an animated toy
monkey). On an equal number of *‘control’’ trials,
the stimulus was not changed (i.e., the background
stimulus was continuously presented) and the num-
ber of ‘‘false-positive’’ head-turn responses was ob-
served (see Kuhl, 1979b, for additional details).

The training stimuli in the Kuhl (1979b) study were
the steady-state vowels /a/ and /i/, computer simu-
lated to be appropriate for a male talker and pro-
duced with a falling intonation contour. The design
of the experiment was such that after the infants
met a performance criterion on the discrimination of
these two vowels (9 of 10 consecutive correct trials),
additional /a/ and /i/ exemplars, computer simulated
to be appropriate for female and child talkers with
either rising or falling intonation contours, were sys-
tematically introduced. In two studies, infants pro-
vided evidence which strongly supported the conten-
tion that, by 6 months of age, infants readily per-
ceive the similarity among vowel tokens produced by
a male, a female, and a child talker, regardless of
the intonation contour produced by the talker.

In a second experiment using this same set of vowel
stimuli, Kuhl and Hillenbrand (Note 1) demonstrated
that another group of 6-month-old infants performed
equally well when ‘‘sorting’’ these same stimuli along
another dimension, intonation contour. That is, the
infants readily learned to produce a head-turn re-
sponse for visual reinforcement when an /a/ vowel
with a rising intonation contour was presented and to
inhibit the response when an identical /a/ vowel with
a falling intonation contour was presented. Similarly,
this learning readily transferred to the /a/ vowels
produced by other computer-simulated talkers and to
another vowel (the vowel /i/, produced by the set of
computer-simulated voices). In other words, the
Kuhl (1979b) and Kuhl and Hillenbrand (Note 1)
experiments suggested that 6-month-old infants could
apply one of two ‘‘sorting rules’’ to this set of
stimuli with nearly equal facility.

The experiment reported here was aimed at deter-
mining the tendencies of infants under 6 months of
age to attend to, and to discriminate changes in,
particular acoustic dimensions of multidimensional
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stimuli. Since the head-turn technique described above
is appropriate only for infants older than 5% months
(see Kuhl, 1980, for further discussion), the high-
amplitude-sucking (HAS) technique (Eimas et al.,
1971) was modified to address the question. The
modification of HAS used in this experiment, simi-
lar to one employed by Bornstein, Kessen, and
Weiskopf (1976) with visual stimuli, involves the pre-
sentation of randomly alternating stimuli during the
preshift and postshift phases of certain conditions in
the experiment; in these experiments, the alternating
stimuli share one of two acoustic dimensions, either
their vowel identities or their pitch contours. The
investigation was aimed at the infant’s ability to dis-
criminate a change in one of these dimensions when
variation in the second dimension was present or
absent.

METHOD

Subjects

Eighty infants, eight in each of 10 groups, completed the experi-
ment. Forty-two of the infants were females and 36 were males.
Their ages ranged from 5 to 16 weeks, with a mean of 11.2 weeks.
A total of 123 infants were tested to obtain 80 completions,
representing a 35% attrition rate. The 43 infants who failed to
complete the experiment did so for the following reasons: failure
to produce any sucking responses (11), failure to produce any
criterion sucking responses for any 2 consecutive minutes prior
to the shift point (12), failure to produce at least 15 criterion
sucking responses during the 2 habituation minutes (11), and
failure to produce at least one criterion sucking response during
the first postshift minute (9). Of the 43 excluded infants (who
ranged in age from 5 weeks, 1 day to 14 weeks, 4 days, with
a mean age of 10.5 weeks), 19 were assigned to an experimental
condition and 24 were assigned to a control condition.

The infants were obtained through referral by a group of
pediatricians in the greater St. Louis area. The pediatricians per-
sonally delivered a letter which explained the study to mothers
while they were still in the hospital. The doctors were instructed
to give the letter to mothers whose pregnancies were full term,
whose deliveries were normal, and whose infants were not con-
sidered to be at risk for any reason. Parents were contacted at a
later date by telephone to schedule an appointment.

The parents of the infants were paid $2 for their participation
in the study.

Procedures

Infants were tested individually in a sound-shielded room. The
infant was placed in an infant seat in an experimental ‘‘bassinet.”’
A rectangular platform was built at the foot of the bassinet to
serve two purposes. A 14X 7.5 in. rear-projection screen was
mounted to the front of the platform such that when the infant
was placed in an infant seat at the head of the bassinet, the
rear-projection screen (with a slide of a colorful bear projected
on it) was approximately 30 in. in front of the infant and at
eye level. The slide served to focus the infant’s attention directly
forward. A loudspeaker (Fisher ST 465) was placed directly on top
of the platform,

Once seated, the infant was given a blind nipple to suck on.
This was held by an assistant, who was instructed to encourage
the infant to suck on the nipple until white noise was presented
through earphones. The white noise was turned on by the experi-
menter after the infant had begun to suck on the nipple; it was
presented at a level sufficient to mask the change in the stimulus.
From that time on, the assistant was instructed simply to hold
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the nipple in the infant’s mouth, making no attempt to encourage
the infant to suck on it.

The experimenter, located in an adjoining control room, adjusted
the amplitude threshold for each infant’s sucking responses in
order to define those criterion sucking responses which would
trigger the sound presentation. The experimenter adjusted this
threshold setting on the logic device until the infant produced be-
tween 20 and 30 criterion sucking responses per minute. After
each threshold adjustment, the experimenter waited 1 min to
establish that the baseline criterion was met; if it was, the experi-
ment was begun. During the preshift phase, sound presentation
was contingent upon criterion sucking responses. Each criterion
response was followed immediately by the presentation of a
500-msec.speech sound and 500 msec of silence. If the infant pro-
duced another criterion sucking response during this 1-sec interval,
another speech token was presented.

The preshift phase continued until the infant’s response rate,
tallied in 1-min intervals, dropped 20% below the maximum rate
achieved in any minute (after the first 2 preshift minutes) for 2
consecutive minutes. This procedure differs slightly from that of
Eimas et al. (1971), who used the immediately preceding minute
as the referent. After these two *‘habituation’’! minutes, defined
as the “‘shift point,”’ the logic automatically triggered a change
in the sound presented to infants in the experimental group, while
infants in the control group continued to be presented with the
same sound. After the shift point, the experiment continued for
4 additional minutes and was then terminated.

Stimuli )

The stimuli were four steady-state vowels (/a/ and /i/) synthe-
sized at the Central Institute for the Deaf in St. Louis on a termi-
nal analog serial synthesizer. Two tokens of the vowel /a/ and two
tokens of the vowel /i/, one with a falling intonation contour
and one with a monotone intonation contour, were synthesized
with formant values and fundamental frequency values in a range
appropriate for a male talker. Table 1 lists the formant (F) fre-
quencies and bandwidths for the first three formants for /a/
and /i/. These center frequencies were taken from Peterson and
Barney’s (1952) averages of the center-frequency measurements of
naturally produced /a/ and /i/ in an /h-d/ context. The band-
widths were taken from Dunn (1963). In addition to the first three
formants, which varied for the /a/ and /i/ stimuli, each stimulus
included constant upper formants (F,-F,o), also shown in Table 1,
taken from Rabiner’s (1968) estimates for a male talker. The
upper formants tend to improve the naturalness of the vowel
tokens. The stimuli were synthesized at a 20-kHz sampling rate
and formants over 10 kHz were eliminated to avoid aliasing prob-
lems. All stimuli were 500 msec in duration.

Table 1
Center Frequencies (F) and Bandwidths (B) of the Formants
of the Synthetic Vowels /a/ and /i/

faf fi/
Formant F B F B
1 775 54 263 54
2 1064 57 2378 55
3 2614 93 3099 170
4 3500 175 3500 175
5 4500 281 4500 281
6 5500 458 5500 458
7 6500 722 6500 722
8 7500 1250 7500 1250
9 8500 2125 8500 2125
10 9500 4750 9500 4750

Note—Formants 1-3 varied appropriately to produce the two
vowels, and Formants 4-10 were held constant. Values are in
hertz.
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The pitch-contour specifications were as follows. The falling
contours, identical for one of the /a/ and one of the /i/ stimuli,
were synthesized in a piecewise linear fashion, changing from 112
to 132 Hz in the first 100 msec, remaining there for 40 msec, and
then falling to 92 Hz in the remaining 360 msec. The monotone
contours were synthesized at a constant fundamental frequency of
112Hz.

The amplitudes of the /a/ and /i/ stimuli were synthesized to
result in tokens that adult listeners perceived to be equally loud.
This was achieved when the overall RMS value of the /i/ token
was reduced in amplitude by 3 dB. The resulting stimuli were
judged by adult listeners to be good exemplars of the vowels /a/
and /i/ spoken with either a falling or a monotone intonation
contour.

Each of the four sounds was recorded onto a disk pack (Con-
trol Data, Model 846-2-16) of the Random-Access Programmable
Recorder of Complex Sounds (RAP), a self-contained digital
recorder which provides random access to all stimuli via a num-
ber of peripheral controls (Spenner, Engebretson, Miller, & Cox,
1974). The speech tokens were presented at an average level of
68 dB SPL (A-scale) along with a continuously presented speech-
shaped (300-4,000 Hz) masking noise at 12 dB SPL. The spec-
trum of this noise matched the long-term average spectrum of
speech and served to mask low-level ambient noise in the room
and in the adjacent hallway without differentially affecting the
speech sounds themselves.

Apparatus and Control Equipment

One of five commercially available blind nipples (Evenflo,
Davol, Curity, Nuk, or Hygeia) was used with each infant. Each
nipple could be attached to one of two types of adaptors. The
Type 1 adaptor fit the first four nipples listed above and was
machined from nylon. It had a screw top that was identical to
the top of an ordinary baby bottle. The Type 2 adaptor was also
machined from nylon and fit the Hygeia nipple. Both adaptors
ended in a narrow tube which could be inserted into Tygon (Type
R3603) tubing which led to a pressure transducer (National Semi-

conductor Type LX 160 1G). When the nipple was depressed and
released, the resulting pressure changes were visually monitored
on an oscillographic recording system (Hewlett-Package, 7702)
and were electronically monitored by a logic device.

The logic package, constructed at Central Institute for the Deaf,
consisted of a central control unit and a printer unit. The central
control unit allowed the experimenter to adjust manually the
pressure threshold required for a criterion sucking response,
monitored the number of criterion sucking responses per minute,
and automatically triggered the change from one RAP address
to another to effect the change in the sound stimuli at the shift
point. To ensure that any change in the sucking rate at the shift
point could not be attributed to sounds produced by the logic
device or RAP, a RAP-address change was made for control
infants as well by assigning the preshift stimuli to two separate
RAP addresses.

Experimental Design

The design of the experiment required 10 groups of infants:
5 experimental groups, each of which was presented with some
kind of sound change at the shift point, and 5 control groups,
for which no sound change occurred at the shift point. Table 2
describes the stimuli presented to each group of infants during
the preshift and postshift phases of the experiment. The experi-
ment was designed to investigate the infant’s ability to detect a
change in the vowel identity or in the pitch contour of a stimulus
in each of two conditions: first, in the absence of any variation
in the second dimension and, second, in the presence of constant
variation in the second dimension. The dimension actually changed
at the shift point was called the target dimension.

Experimental groups. As shown in Table 2, the five experi-
mental groups can be separated by the nature of the target dimen-
sion and whether or not constant variation in the second dimen-
sion was present. For two of the experimental groups, the target
dimension was vowel identity, and for two others, the target
dimension was pitch contour. For one of the vowel target groups
and one of the pitch target groups, no variation in the second

Table 2
The Stimulus Conditions in Effect During the Preshift and Postshift Phases of
All of the Experimental Groups and Their Matching Control Groups

Experimental Groups

Control Groups

Condition Preshift Postshift Preshift Postshift -
Vowel Target Dimension
[am] [1m] [aml} [am]
Without Pitch Variation far] Lif] [af] [af]
[1m] [am] [im]) [im]
[ig] [af] [if] lig]
b P it [am] + [af] [im] + [if] [am] + [af] (am] + [af]
With Pitch Variation [im] * (if] [am) * [af] fim) + [if] [im] + [if]
Pitch Target Dimension
[am] [af] [am] [am]
Without Vowel Variation [?f] [?m] [?f] [?f]
[lm] [lf] [im] {im]
{if] lim] [ig] [if]
- - [am] * [im] [af] + [if] [am] + [im] [am] + [im]
With Vowel Variation [ag) + [if] [8m] + lim] [ag] + Lig] [agl + [ig]
Combined Target Dimension
{am] + [if] [ag] + [im] tam] + [if] {am] + [if]
fim] + [ar] tig] + [am] [im] * [af] [iml + [ag]
[?f] + {im] [am] + [if] [ag] + [im) [af] + [im]
lif] + [am] [im] + [af} lig] + [apy] lig] + [am]

Note—The subscripts “m” and “‘f” denote the monotone and falling fundamental frequency contours, respectively.
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dimension occurred and its value was held constant. For example,
during the preshift phase, the infants in the vowel target group
without pitch variation were presented with repetitions of a single
vowel (/a/), with a falling pitch contour, contingent upon their
high-amplitude sucking responses. After the shift point, these in-
fants were presented with a single vowel (/i/), also with a falling
pitch contour, contingent upon their sucking responses.

In contrast, for one of the vowel target groups and one of the
pitch target groups, variation in the second dimension was always
present. For example, infants in the vowel target group with
pitch variation were presented with a random sequence of two
/a/ vowels during the preshift phase, one with a monotone pitch
contour and the other with a falling pitch contour. After the shift
point, these infants were presented with a random sequence of
two /i/ vowels, one with a monotone pitch contour and the other
with a falling pitch contour. In other words, these infants were
required to detect a change in the identity of the vowel despite
the fact that a second, acoustically prominent dimension such as
pitch contour served as a potential distractor.

The identical conditions were in effect when pitch contour
served as the target dimension. For one group of infants, the pitch-
contour change occurred in the absence of variation in the second
dimension (vowel identity). For example, during the preshift
phase, infants in this condition were presented with the single
vowel /a/ with a monotone contour. The single vowel /a/ with
a falling contour was presented during the postshift phase. In
contrast, the infants tested with variation in the second dimen-
sion were presented with a random sequence of two vowels (/a/
and /i/) during the preshift phase whose pitch contours were
monotone. During the postshift phase, these infants were pre-
sented with a random sequence of the same two vowels whose
pitch contours were both falling. In other words, these infants
were required to detect a change in pitch contour (from monotone
to falling) despite the fact that a second, acoustically prominent
dimension such as vowel identity served as a potential distractor.

A fifth experimental group of infants was presented with two
of the vowels during the preshift phase and the two other vowels
during the postshift phase, making them comparable to the two
groups described above, who were tested with variation in the
second dimension, except that the vowels did not share either
the vowel or the pitch dimension. One level of each of the two
target dimensions was combined to form the stimuli presented
during the preshift phase, and then the levels were recombined
to form new composite stimuli for the postshift phase. For ex-
ample, infants in this group were presented with a random se-
quence of the /a/-monotone and the /i/-falling vowels during the
preshift phase and a random sequence of the /a/-falling and
the /i/-monotone vowels during the postshift phase. This com-
bined group was included to investigate whether discrimination
was evidenced when the stimulus presented after the shiftpoint
was simply a recombination of the levels already presented during
preshift, as opposed to the presentation of a new level of one
dimension, as in all other conditions. In the former condition,
the infant must detect a novel combination of levels (a novel
‘“‘compound’’) because no new ‘‘components’’ (levels of dimen-
sions) are introduced, whereas in the latter, the infant can re-
spond to the introduction of a new component. There is some
evidence from studies on visual perception suggesting that in-
fants do not detect novel combinations of components until about
S months of age (Bower, 1966; Cohen, 1973; Fagan, 1977), though
no firm conclusions can yet be drawn (see Cohen, DeLoache, &
Strauss, 1979). In infant studies using speech signals, however,
2- to 3-month-olds have been shown.to discriminate the recombina-
tion of components, suggesting that they do perceive compounds
(Eimas & J. L. Miller, in press; J. L. Miller & Eimas, 1979).

As shown in Table 2, the direction of stimulus change was
counterbalanced for all of the experimental groups. The level of
the second dimension, held constant for one group in each of
the pitch target and formant target conditions, was also counter-
balanced.
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Control groups. As shown in Table 2, each of the five experi-
mental groups has a matched control group in which the stimulus
conditions for the preshift phase of the experiment are identical
but no stimulus change occurs at the shift point in the experiment.

RESULTS

Two dependent variables, the sucking-recovery
scores and the time-to-habituation (TH) scores, were
compared for all experimental groups and their re-
spective control groups.

Sucking-Recovery Scores

The mean number of criterion sucking responses
as a function of experimental condition and time
is displayed for all five experimental groups and
their respective control groups in Figures 1, 2, and 3.
In all of the displays, the average number of criterion-
sucking responses, shown as a percentage of the rate
that occurred during the maximum minute, is shown
for the baseline minute, the 2 habituation minutes,
and the 4 postshift minutes.

In order to examine whether there were reliable
differences among the groups prior to the shiftpoint
in the experiment, individual one-way analyses of
variance were performed on the following measures:
baseline response rates, maximum response rates,
and the mean of the response rate during the 2 habit-
uation minutes. In no instance did the differences
among groups approach statistical significance (p > .10
in all instances).

Vowel Target Groups

The data obtained from infants whose target di-
mension (the dimension that was changed at the shift
point) was vowel identity, along with their related
control groups, are shown in Figure 1. The left-hand
side of the figure shows the data obtained from
infants whose target dimension was vowel identity
in the absence of random variation in the second
dimension. The right-hand side of Figure 1 shows
the data for infants whose target dimension was also
vowel identity but who were presented with stimuli
whose pitch contours were varied randomly (from
monotone to falling) throughout the experiment, For
both of these groups, the minute-by-minute data
reveal substantial differences in sucking rates be-
tween the two experimental groups and their related
control groups, suggesting that the infants in the ex-
perimental groups discriminated the vowel change.

This difference between the experimental and con-
trol groups can be readily seen in the plots directly
below the minute-by-minute displays, showing the
mean change in sucking rate between the 2 habitua-
tion minutes and the first 2 postshift minutes. These
‘““difference scores’’ were obtained by subtracting
the mean sucking rate for the 2 habituation minutes
from the mean of the first 2 postshift minutes. The
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TARGET DIMENSION: VOWEL

Without Orthogonal Pitch Variation
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Figure 1. Sucking rates per minute, expressed as a percentage of the maximum sucking
rate for baseline, maximum, habituation, and the 4 postshift minutes of the experiment
for infants tested in the vowel target groups, both experimental and control. Data for infants
tested on the vowel target without pitch variation are shown on the left, while data on in-
fants tested on the vowel target with pitch variation are shown on the right. The average
difference scores for each condition are centered under the minute-by-minute data. They
were obtained by subtracting the mean of the two habituation minutes from the mean of

the first 2 postshift minutes for each infant.

vowel target group without variation in pitch pro-
duced a mean change of +20%, while its control
group produced a mean change of —7%. The vowel
target group with variation in pitch produced a mean
change of +15%, while its control group produced
a mean change of —8%.

Pitch Target Groups

The data obtained from the two groups of infants
whose target dimension was pitch contour, along
with their related control groups, are shown in Fig-
ure 2. The left-hand side of the figure shows the
data obtained from infants whose target dimension
was pitch contour, in the absence of random varia-
tion in the vowel dimension. The right-hand side
of the figure shows the data obtained from infants
whose target dimension was also pitch contour, but
these infants were presented with stimuli whose
vowel identities were varied randomly (from /a/ to
/1/) throughout the experiment. The data obtained
on infants in the former group, the ones presented
with a simple pitch-contour change without random
variation in vowel identity, look very much like the
two previous experimental groups. That is, infants
in the experimental condition demonstrate increased
criterion sucking responses after the shift point in the

experiment, when compared with their control group.
In contrast, the infants whose target dimension was
pitch contour but who were presented with random
variation in vowel identity (right-hand side of Fig-
ure 2) did not show this characteristic pattern. For
these infants, only a small difference in sucking rates .
separates the experimental and control infants after
the shift point in the experiment.

These findings are clearly summarized by the
difference-score plots under each of the two minute-
by-minute graphs. The pitch target group without
variation in the vowel dimension demonstrated a
mean change from the 2 habituation minutes to the
first 2 postshift minutes of +21%, while its control
group demonstrated a mean change of —7%. The
pitch target group with variation in the vowel di-
mension demonstrated a mean change of —5%, and
its control group, a mean change of —12.3%.

Combined Target Group

In the combined target group, the two stimuli
presented during preshift and postshift phases shared
neither of the two dimensions, for example, the /a/-
monotone stimulus and the /i/-falling stimulus,
which changed to the /a/-falling stimulus and the
/i/-monotone stimulus.
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TARGET DIMENSION: PITCH
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Figure 2. The minute-by-minute and difference-score data for infants tested in the pitch
target groups, both experimental and control. Data for infants tested on the pitch target
without vowel variation are shown on the left, while data for infants tested on the pitch
target with vowel variation are shown on the right.

The results for infants in this group and those in
the related control group are shown in Figure 3.
As seen in the minute-by-minute plots, the sucking-
recovery rates for this experimental group did not
differ reliably from those produced by its control
group. The mean difference scores were +2.9% and
+1.6%, respectively.

Statistical Analyses of the Difference Scores

Statistical analyses of the difference scores ob-
tained from these groups corroborate the results de-
picted graphically in Figures 1, 2, and 3. The dif-
ference scores resulting from conditions in which a
change in the target dimensions (either vowel identity
or pitch contour) occurred without variation in the
second dimension, along with the difference scores
from the appropriate control group, were submitted
to a one-way analysis of variance. The analysis re-
vealed a significant main effect of groups [F(2,29) =
10.34, p < .01]. Newman-Keuls post hoc compar-
isons (Winer, 1971, p. 217) revealed that the two
experimental groups (vowel target and pitch target)
did not differ significantly, but that both groups
differed significantly from the control group.

Simple t tests were used to compare each of the
experimental conditions in which a change in the
target dimension occurred in the presence of ran-
dom variation in the second dimension with the
appropriate control group. A t test for independent
samples comparing the difference scores obtained by
the vowel target with pitch variation group and its

control group revealed a significant difference [t(14) =
2.88, p < .01]. In contrast, a t test for independent
samples comparing the difference scores obtained
by the pitch target group with vowel variation and
its control group did not approach statistical sig-
nificance at the .05 level (t =.436). Similarly, a t test
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Figure 3. The minute-by-minute and difference-score data for
infants in the combined condition, both experimental and control
groups.
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comparing the combined target group with its con-
trol group did not approach statistical significance
at the .05 level (t=.087).

In summary, the statistical-significance tests par-
allel the results suggested graphically in Figures 1,
2, and 3. Those results can be summarized as follows:
When either a change in the vowel identity or in the
pitch contour of a stimulus occurs in the absence
of variation in a second dimension, infants demon-
strate the ability to discriminate that change. On the
other hand, when a change in a target dimension
occurs against a background of random change in
a second dimension, performance depends upon the
specific dimension that serves as the target. When
vowel identity is the target dimension and pitch con-
tour serves as the second dimension, infants make
the discrimination; however, when pitch contour is
the target dimension and vowel identity serves as
the second dimension, no evidence of discrimina-
tion is obtained. In addition, when the sounds pre-
sented during the preshift period involve combina-
tions of one level of each of the two dimensions,
and the change at the shift point involves a recom-
bination of the levels of the dimensions to form a
new compound, no evidence of discrimination is
obtained.

Time-to-Habituation Scores

Time-to-habituation (TH) was defined as the
number of minutes spent in the preshift phase of
the experiment, excluding the baseline minute.

The TH scores for all groups of subjects that
were presented with one sound during the preshift

phase are shown in the left-hand side of Figure 4.
Subjects in the single-sound conditions were grouped
according to the specific stimulus that was presented.
There was one group for each of the four stimuli
used in the experiment, /a/-monotone, /a/-falling,
/i/-monotone, and /i/-falling. While the trend was
toward longer TH for the /a/ vowel than for the
/i/ vowel and slightly longer for the falling contour
than the monotone contour, a two-way ANOVA
(vowels X pitch contours) did not approach signif-
icance at the .05 level for either main effect. The
single-stimulus conditions were therefore collapsed
for further comparisons.

The TH scores for all groups of subjects that
were presented with two sounds during the preshift
phase of the experiment are displayed in the right-
hand side of Figure 4. The three groups who were
presented with two sounds during preshift included:
(1) those presented with two sounds that shared the
vowel dimension (infants tested on the vowel target
with pitch variation, both experimental and control
groups); (2) those presented with two sounds that
shared the pitch dimension (infants tested on the
pitch target with vowel variation, both experimenta!l
and control groups); and (3) those presented with
two sounds that did not share either the vowel or
the pitch dimension (the combined groups, both ex-
perimental and control).

A one-way analysis of variance comparing the
TH scores for these three groups of infants and the
TH scores for the infants in all of the single-stimulus
groups revealed a significant effect due to groups
[F(3,76)=3.59, p < .05). Newman-Keuls post hoc
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Figure 4, The average time-to-habituation (TH) scores for infants presented with one of
the four single stimuli and infants presented with one of the three rwo-stimuli pairs during

the preshift phase of the experiment.
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comparisons revealed that the ‘pitch-shared’’ and
the ‘‘no-dimensions-shared’’ group differed signifi-
cantly from both the ‘‘vowel-shared’’ group and
the “‘single-stimulus’’ group. However, no other sig-
nificant differences were obtained; neither the former
two groups nor the latter two groups differed sig-
nificantly from one another.

In summary, the time-to-habituation measure re-
vealed that infants took longer to habituate when
two stimuli were presented than when only a single
stimulus was presented, but that this effect was due
to the pitch-shared and no-dimensions-shared groups.
The vowel-shared group did not differ significantly
from the average time to habituation shown by the
single-stimulus groups.

DISCUSSION

This study of 4- to 16-week-old infants examined
and infant’s ability to discriminate speech stimuli
when a change in one of two dimensions, vowel
identity or pitch contour, occurred by itself or
against a background of constant variation along
the second dimension. Results demonstrated that
when either the dimension of vowel identity or of
pitch contour occurred independently of any on-
going variation in a second dimension, infants dem-
onstrated the ability to make the discrimination.
However, when a change in the target dimension was
accompanied by constant variation in the second
dimension, discrimination was not always evidenced.
More specifically, when a change in the vowel di-
mension occurred against a background of constant
variation in the pitch dimension, discrimination was
evidenced. In contrast, when a change in the pitch
dimension occurred against a background of con-
stant variation in the vowel dimension, discrimina-
tion was not evidenced.

In addition to these results involving the sucking-
recovery scores, an analysis of the time-to-habituation
data revealed that infants took significantly longer
to meet the habituation criterion when two sounds
were presented during the preshift period rather than
one. However, this result was shown to be asym-
metric; it was dependent upon the specific dimension
that the two sounds had in common. When the two
sounds shared the vowel dimension, time to habitua-
tion was not significantly greater than it was in any
condition in which a single sound was presented.
In contrast, when the two sounds shared the pitch
dimension or shared neither of the two dimensions,
as in the combined condition, time to habituation
was significantly longer than when a single sound
was presented or when two sounds that shared the
vowel dimension were presented.

The sucking recovery scores and the time-to-
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habituation scores complement each other in that
evidence of discrimination (based on sucking re-
covery) was never obtained in cases in which the
time-to-habituation scores were significantly greater
than those obtained when a single sound was pre-
sented during the preshift period. These data are
relevant to developmental models of speech percep-
tion and to developmental models of attention and
memory.

Habituation and Memory

There are several models of habituation that have
been proposed by investigators studying visual per-
ception (Cohen, 1973; Fagan, 1977; Lewis, 1971;
McCall, 1971; McCall & McGhee, 1977; Olson, 1976;
Sokolov, 1963, 1969). While they differ in some
significant respects, each model assumes that in order
to demonstrate habituation, the infant must store
a composite description of (i.e., ‘‘remember’’) the
original stimulus and eventually recognize that the
stimulus being presented matches the stored repre-
sentation. The recognition of the similarity between
the stimulus being presented and its stored represen-
tation reduces the infant’s interest in the stimulus,
and therefore results in a decrease in the response
being measured. In addition, each model argues that
dishabituation depends upon the infant’s recognition
that the second stimulus is novel, that is, that it does
not match the stored representation; this, in turn,
increases the infant’s interest in the stimulus, and
recovery of the response is demonstrated.

Eimas et al.’s (1971) original account of the out-
come of the HAS experiments using auditory stimuli
was similar. They argued that the infant’s decreased
willingness to produce high-amplitude sucking re-
sponses in the preshift period of the experiment
was due to the infant’s recognition that the stimulus
was not novel and the infant’s eventual disinterest
in that stimulus. Similarly, the infant’s renewed will-
ingness to produce high-amplitude sucking responses
in the postshift phase of the experiment was at-
tributed to the infant’s recognition that the stimulus
was novel and to the infant’s interest in that novel
stimulus. ‘

This account of the infant’s behavior is partic-
ularly interesting when the experiment is designed
to present more than a single stimulus during the
pre- and postshift phases of the experiment. Pre-
sumably, the addition of stimuli to the set that are
discriminably different should make the task of
forming a composite of (i.e., ‘‘remembering’’) the
stimuli presented during preshift more difficult, and
this should tend to prolong the habituation period.
However, if the stimuli presented are similar along
one dimension, and the infant is capable of recog-
nizing that similarity, this might serve as an aid
to memory, thus decreasing TH scores.
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The Perception of Similarity and Its Effect
on Habituation: Analysis of the TH Scores

The average TH scores increased when two stimuli
were presented during the preshift period rather than
one, regardless of the similarity between the two
stimuli, suggesting that, in general, it takes longer
for the infant to remember two stimuli than to re-
member one. However, the effect was due to two of
the three conditions. TH scores were significantly
greater when the two stimuli presented during the
preshift period shared the pitch dimension or shared
no dimensions, but not significantly greater when
the two stimuli shared the vowel dimension. This
finding suggests that the shared vowel dimension
provided an aid to memory, presumably because the
infant was able to recognize the similarity between
the two stimuli along the vowel dimension, thus
reducing the memory load. A shared dimension did
not always make two stimuli easier to remember,
though, since, when the two stimuli shared the pitch
dimension, a significant increase in TH scores oc-
curred, such that it took almost as long to habituate
when the two stimuli shared the pitch dimension as
when the two stimuli had nothing in common. One
could argue, therefore, that the infants did not rec-
ognize the similarity along the pitch dimension, or
at least that they could not do so as easily as they
could recognize the similarity along the vowel di-
mension.

These results are similar to those obtained in visual
perception studies in infants. For example, Bornstein,
Kessen, and Weiskopf (1976) demonstrated differen-
tial rates of habituation to visual stimuli varying in
wavelength. They contrasted habituation under three
conditions: (1) when a single stimulus was presented;
(2) when two stimuli varied in wavelength but were
both perceived as members of a single color category;
and (3) when two stimuli varied in wavelength by
the same amount as the second pair but were per-
ceived by adults as members of two different color
categories. The rate of habituation was significantly
shorter when a single stimulus, or when two stimuli
perceived by adults as members of the same color
category, were presented than it was when the stimuli
did not fall into a single color category, even though
the differences in wavelength between the two stimuli
were identical in both cases. The authors interpreted
these data to indicate that the rate of habituation
was dependent upon the infant’s perception of sim-
ilarity, and further, that the perception of similarity
by infants served as an aid to memory.

The results from this study are interpreted along
similar lines. Infants demonstrated shorter TH scores
when two stimuli sharing the vowel dimension were
presented, leading to the suggestion that infants rec-
ognize the similarity between the stimuli and that doing
$O serves as an aid in remembering the stimuli. How-

ever, they did not tend to recognize the perceptual
similarity among different vowels whose pitch con-
tours were identical. They behaved as though the
stimuli had nothing in common, taking equally long
to remember the stimuli in both cases.

The Discrimination of Changes in
Multidimensional Stimuli: Analysis of
the Sucking-Recovery Scores

On the basis of the TH data, we argued that it was
easier to remember two stimuli whose vowel
identities were similar but whose pitch contours dif-
fered than it was to remember two stimuli whose
pitch contours were identical but whose vowel iden-
tities differed. Nonetheless, the HAS model predicts
that, once habituated, the infants ‘‘remember’’ these
stimuli equally well and will be equally capable of
increasing their sucking responses if a stimulus is
presented that is both discriminable to the infants
and sufficiently interesting to them.

The sucking recovery data indicate that only three
of the five experimental groups demonstrated signif-
icant sucking-recovery scores when compared with
their respective control groups. Infants discriminated
both the vowel change and the pitch change when it
occurred in the absence of constant variation in the
second dimension, and the vowel change in the pres-
ence of constant variation in the pitch contours of the
vowels. There are at least two plausible hypotheses
that would account for these results, the second one
more complicated and interesting than the first. The
first explanation argues simply that infants who took
a long time to habituate in the preshift phase of the
experiment were either too fatigued or too dis-
interested to dishabituate in the postshift phase. In
both conditions in which TH scores were signifi-
cantly longer, no recovery was evidenced, so the.
hypothesis that infants are not capable of showing
recovery after a long habituation phase cannot be
ruled out. On the other hand, individual infants in
each of the five experimental groups took longer than
11 min to habituate, and many of these infants
showed recovery, while none of the infants in either
of the two conditions that failed to show significance
overall demonstrated substantial recovery.

A second hypothesis relates the failure to show
sucking recovery to the specific choice of the two
levels representing each dimension. In the pitch tar-
get condition in which variation in the second dimen-
sion was presented, one can hypothesize that the
failure to discriminate is due to the infants’ tendency,
given these stimuli, to attend to the vowel dimension
rather than the pitch dimension. This explanation
holds that in a task such as this, the two dimensions,
vowel and pitch, compete for the infant’s attention,
and when the levels chosen to represent the vowel
dimension are values appropriate for the vowels /a/
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and /i/ and the levels chosen to represent the pitch
dimension are values appropriate to a falling and a
monotone pitch contour, the levels of the vowel
dimension are more salient, because they are more
discriminable; therefore, constant change in the
vowel dimension tended to distract the infant’s atten-
tion from the pitch dimension. This is suggested both
by the TH and the sucking-recovery scores. When the
vowel dimension served as the target, the sucking
recovery scores showed that it was always discrimi-
nated, even when pitch contour served as a potential
distractor. Furthermore, when the vowel was held
constant during the preshift, TH scores were low,
indicating the ease with which the infants attended to
and remembered stimuli whose vowels were identical.
Pitch contour, on the other hand, was discriminated
only in isolation, and not when a constant change in
the vowel served as a distractor, presumably because
of the infant’s tendency to attend to the highly dis-
criminable difference between the varying vowels /a/
and /i/ rather than to the pitch contour. The less
salient pitch dimension changed at the shift point,
but went unnoticed amidst the constant change in the
vowel, which the infants were then habituated to.
This explanation would correctly predict that the
TH scores should increase dramatically whenever the
vowel was constantly changed, as they did in the con-
dition in which pitch was the target dimension and
vowel identity was the second dimension, presumably
because of the infant’s tendency to attend to the
vowel dimension and the difficulty in remembering
two different values of the vowel. This explanation
would also account for the longer TH scores and the
failure to show sucking recovery in the combined
condition. In this condition, the vowel dimension
was again constantly changed during the preshift and
postshift phases; by our previous argument, this con-
stant change served to increase the TH scores during
the preshift, and once habituated to the vowel dimen-
sion infants did not show sucking recovery because
the same levels of the vowel dimension were again
presented. The combination of a specific level of the
vowel dimension and a specific level of the pitch
dimension changed, but this change went unnoticed
(see below for further discussion of the combined
condition).

One might be tempted to argue that this tendency
to attend to the vowel dimension was due to a general/
precedence effect for the acoustic cues underlying
vowel identity over the acoustic cues underlying pitch
perception. However, given that the levels chosen to
represent the two dimensions were not systematically
varied, the data are more reasonably interpreted in
terms of a specific effect that is attributed to the
acoustic difference between the levels chosen to rep-
resent each dimension. If the acoustic difference
between the two levels is the critical variable dic-
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tating the infant’s attention, one might adjust the
‘‘attentional pull” towards either of the two dimen-
sions by choosing values that make the two levels
representing each dimension more or less discrimin-
able. A recent paper by Carrell, Smith, and Pisoni
(1981), reporting data on adult listeners using a
speeded-classification design and stimuli similar to
those employed here, supports this notion. It dem-
onstrated that the latency of response for vowel
classification by adults was unappreciably altered
by random variation in the pitch of the vowels,
but that the latency of response for pitch classifica-
tion was significantly increased by random variation
in the vowel. However, when the acoustic differences
related to vowel identity were reduced, making them
less discriminable, and the acoustic differences re-
lated to the perceived pitch were increased, making
them more discriminable, these asymmetric differ-
ences disappeared and a pattern of mutual inter-
ference, similar to that reported by J. L. Miller (1978)
for vowels and pitch, was seen.

We would predict, therefore, that if these experiments
on infants were repeated using vowels that were more
similar acoustically, the two dimensions would show
a pattern of mutual interference. However, if we
repeated the experiment with the same two vowels,
/a/ and /i/, but with pitch contours typical of those
produced by mothers speaking to their infants
(‘“Motherese’’) (Fernald, Note 2), then the tendency
shown in this experiment would be reversed, and
pitch contour might become the more salient dimen-
sion. Recent experiments in our laboratory (Fernald,
Note 3; Fernald and Kuhl, Note 4) demonstrate that
4-month-olds ‘‘preferred’’ auditory signals produced
by mothers when speaking to their infants to signals
produced by those same mothers when talking to
adults. Given a two-choice task in which both right
and left head-turn responses were followed by sound
presentation, infants turned significantly more often
in the direction required to produce infant-directed
speech, and continued to do so when both signals
were represented only by their fundamental fre-
quencies. This would tend to indicate that fundamental
frequency can be an extremely salient acoustic cue
for infants at this age. It is possible, therefore, that
with further experiments we could demonstrate that
the young infant’s attention is pulled toward the
signals typically produced by caretakers when direct-
ing speech to their infants, because caretakers dra-
matically alter the pitch dimension in ways that make
it more salient.

The Perception of Individual Dimensions
(Components) vs. Compounds

Another issue addressed by this study is the in-
fant’s tendency to represent multidimensional stim-
uli as independent dimensions, or components (such
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as vowel identity and pitch contour), as opposed to
their tendency to represent stimuli as integrated
““wholes,”’ or compounds. The combined condition
was designed to investigate whether infants detected
a change in the stimulus set when that change in-
volved a recombination of the levels of the dimen-
sions to form novel compounds rather than the in-
troduction of a new level of a single dimension.
Recall that, in this condition, two stimuli were ini-
tially presented, each composed of one level of each
of the two dimensions. At the shift point, the levels
of each dimension were recombined to form a novel
composite without introducing any new components.
If infants represent the stimuli as compounds, or
‘‘wholes,’’ evidence of discrimination should be ob-
tained; if the stimuli are represented as-individual
dimensions, evidence of discrimination should not
be obtained, since no change in the individual di-
mensions occurred. Infants in this condition failed
to demonstrate recovery and therefore provided no
evidence in support of the idea that the infants rep-
resented these stimuli as ‘‘wholes.”” However, given
the fact that only a single condition in this experi-
ment addressed the issue, further experiments should
be completed before asserting that infants at this age
either are incapable of representing these stimuli as
auditory compounds or have a greater tendency to
represent these stimuli in terms of their individual
components.

Studies of infant visual perception (Cohen, in
Cohen & Gelber, 1975) have shown that when in-
fants were randomly presented with two visual stim-
uli, a red circle and a green triangle, and then tested
with (1) the same stimuli, (2) stimuli formed by a
recombination of the color and form dimension that
created a novel compound (such as a red triangle
and a green circle, or (3) completely new compounds,
such as a blue square and a yellow dumbbell, dis-
crimination was evidenced only in the final condi-
tion. Infants did not demonstrate discrimination of
a recombination of components.

In contrast, however, J. L. Miller and Eimas (1979)
demonstrated that 2- to 4-month-olds recognized a
recombination of consonants and vowels that formed
new syllables. For example, infants were presented
with a random sequence of the syllables /ba/ and
/dae/ during the preshift phase of the experiment
and the syllables /bae/ and /da/ during the postshift
phase. The sucking-recovery scores demonstrated
that infants were capable of detecting the change
when it involved the recombination of consonants
and vowels. In a second experiment, Miller and
Eimas extended these findings to a situation in which
the infants were required to detect a recombination
at the distinctive-feature level. Infants were presented
with the syllables /ba/ and /ta/ prior to the shift-
point and the syllables /da/ and /pa/ after, thus re-

quiring the infants to detect a change in the com-
bination of the levels of the voicing and place fea-
tures. Again, discrimination was evidenced.

One explanation for the infants’ failure to dem-
onstrate discrimination in this experiment while suc-
ceeding in J. L. Miller and Eimas’s (1979) study
is that one segmental and one suprasegmental di-
mension were employed here while two segmental
dimensions were employed by Miller and Eimas
(1979). However, in a follow-up study (Eimas &
J. L. Miller, in press), these authors present data
suggesting that infants also discriminated a recom-
bination of dimensions when one was segmental and
the other suprasegmental. In this case, however,
the segmental dimension was represented by a con-
sonantal feature rather than a vowel feature, so one
might still attribute the difference between the two
studies to either the inherent differences between
consonants and vowels, experimentally verified in
many studies on adult listeners (see, for example,
J. L. Miller, 1978) or to the specific choices of the
levels for the vowel dimension and the pitch-contour
dimension. Further work employing other vowel and
pitch-contour stimuli will need to be completed be-
fore any resolution to this issue can be reached.

The Perception of Auditory Categories and
Developmental Speech Perception

There are two reasons why investigators of infant
audition are interested in experiments requiring in-
fants to perceive the similarity among stimuli. One
has to do with the acquisition of language-specific
categories. An examination of the adult literature
in speech perception demonstrates that the main
problems in the field have revolved around the issues
of acoustic-cue invariance (Liberman et al., 1967)
and acoustic-cue equivalence (Liberman & Pisoni,
1977). These classic issues in the adult literature nat-
urally led developmental speech researchers towards
questions concerning the infant’s tendency to group
stimuli based on their perceived similarity. Studies
of categorical perception (Eimas, 1974, 1975; Eimas
et al., 1971) and studies of perceptual constancy
(Fodor et al., 1975; Kuhl, 1979b, 1980, in press) pro-
vide strong evidence in support of the idea that in-
fants between the ages of 4 and 7 months percep-
tually group stimuli on the basis of their assignment
to phonetic categories as defined by adult listeners,
and these findings are important to theories of lan-
guage development.

Quite aside from the importance of studies like
these to an infant’s language-specific predispositions,
studies such as these may reveal more general fea-
tures of the infant’s perception of similarity and of
developmental attention and memory. For example,
the vowel studies cited earlier (Kuhl, 1979b, in press;
Kuhl & Hillenbrand, Note 1) using 6-month-old in-
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fants were aimed at comparing the infant’s ability to
perform in an operant task for a visual reinforcer
when one of three perceptual dimensions along which
the stimuli varied predicted the occurrence of a vi-
sual reinforcer. Data from those investigations dem-
onstrated that 6-month-olds can ‘‘sort’’ a set of
vowels that vary along three dimensions, vowel iden-
tity (/a/ and /i/ or /a/ and / 2/), pitch contour
(rise-fall and rising), and talker (male, female, child)
using either of two ‘‘sorting rules,”” vowel identity
(Kuhl, 1979b, in press) or pitch contour (Kuhl &
Hillenbrand, Note 1). A recent study (C. L. Miller,
Younger, & Morse, in press) indicates that they can
also use the ‘“‘talker’’ dimension to sort stimuli. To
date, we cannot state which of these sorting rules
is easier for the infant to use, but it is clear that the
6-month-old is relatively facile at using a variety of
acoustic dimensions as sorting rules.

The experiment reported here places somewhat
different constraints on the infant, the most note-
worthy of which is that it does not force the infant
to attend to one of the dimensions to obtain rein-
forcement. The reinforcement in this task is simply
in listening to the syllables. The design, nonetheless,
tends to reveal which of the dimensions the infant
most naturally attends to, and, in this experiment,
the infant appeared to attend to the vowel dimen-
sion, presumably because of its greater discrimi-
nability. We have no idea whether an operant para-
digm that provides some kind of external reinforce-
ment, such as that used with the older infants, might
induce the infant to attend to the pitch dimension
(as represented here) in the presence of the distrac-
tion provided by vowel variation. One would sus-
pect, however, based on studies of visual percep-
tion, that the infant’s ability to focus at will on a
particular dimension increases developmentally, due
both to the increasing ability to direct attention to-
ward only the relevant features of a display (Vurpillot,
1968; Zinchenko, van Chzhi-Tsin, & Tarakonov, 1963)
and to the ability to ignore irrelevant features of a
display (see Gibson, 1969, for further discussion).
The fact that, by 6 months of age, infants in the
vowel experiments demonstrated the ability to attend
to either the vowel or the pitch dimension could sup-
port such a developmental hypothesis, but only
weakly, since the paradigms being compared (HAS
vs. operant head turn) are substantially different.
Designing studies that directly investigate the hy-
pothesis that attention to particular auditory dimen-
sions in multidimensional auditory arrays is matura-
tionally or experientially determined will be challeng-
ing. Unlike our colleagues in vision, who simply ob-
serve corneal reflections and eye movements, the
lack of ‘‘ear-lids’’ and the absence of a need to make
a directionally specific movement toward an auditory
stimulus in order to hear it mandates that we design
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more intricate experiments to learn what aspects
of a multidimensional auditory stimulus the infant
is listening to. The present study represents an at-
tempt to provide such a paradigm for auditory studies
with infants as young as 4 weeks of age.
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NOTE

1. The term “‘habituation’’ is used only because it facilitates a
comparison of the results obtained here with those obtained in
visual experiments and with the habituation models proposed to
account for the results of visual experiments. The effect could
more accurately be called ‘‘satiation,’” since that terminology
would appropriately focus on stimulus effects rather than any
physiological correlates of the change in response. While we
choose to use the term ‘‘habituation,”” no physiological metaphor
is intended.
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