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Abstract

,  Auditory categorization of nonspeech sequences was investigated
in 10-month-old babiesGsing anew paradigm. Study | established the
usefulness of an operant-fixation preference technique for assessing
aﬁditory discrimination. lnfants sat facing two identical visual displays,
one on the right and the other on the left. Fixation of a display resulted

_in the presentation of a sound pattern from a loudspeaker located behind
that display. During a familianzation phase, fixation of either display
resuited in the same sequence; a pattern that alternated between two

‘ tones of a‘dif ferent frequency for half the infants and a pattern
consisting of repetitions of a single tone for the other half. During a
test, fixation of one display resuited in the alternating pattern while ‘
fixation of the other display resulted in thg constant pattern. As
expected, infants preferred to look at the display associated with the
novei pattern thereby indicating discrimination of the two patterns.

Stud;l 2 used the procedure to test categorization of tonal patterns on the
basis of melodic contour. Half of the infants were familiarized with a

‘set of rising-contour patterns that differed in frequency range and wave
form of their tones and the other half were familiarized with a simitar
sét of falliné-contourppatterns. During a test, infants could listen to two -
new patterns; one had a rising contour and the other had a falling contour.
Infants preferred the pattern with"a novel contour, presumably because

the familiar-contour pattern was perceived as one more instance of the
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category of famlliarlzation stimuli. To verify that infants in study 2
weré perfOrming on the basis of categorization study 3 demonstrated
that Infants could discriminate between at Jeast some of the same-
contour sequences of-study 2. It was argued that the operant-fixation
preference paridigm offers certain advantages for future research on
auditory categorization and the available eﬁidencg on categorization was

discussed in relation to speech‘cétegorization. S
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‘Sommaire

Cette recherche concerna 1’ étude de 1a catégorisation auditive chez les
nourrissons agés de dix mois dans le cohteg(te d'une nouvelle méthodologie. La)
premiére étude a établi 1'utilité de la procédure “operant-fixation p[efgw
technique™ dans 1'évaluation de 12 discrimination auditive. Les nourrissons ,
furent assis en face de deux montages visuels identiques, 1'un & gauche et l'autre
adroite. Lorsque les bébés fixerent un montage, un son fut émit d'un haut;

parqleur situe derriéreﬂce montage. Aucours de !a période de familiarisation, 13
fixation de I'un ou I'autre des montages résulta a I'émission du méme son. La
moitié des enfants entendirent une séquence consistant de répétitions d'un son

d'une seule fréquence alors que I'autre moitié entendirent une séquence

)consistant de sons alternants entre deux fréquences. Au cours d’un éssai

o

subséquent, 1a séquence alternante fut présentée lorsque les nourrissons

fixérent I'un des montages alors que la séquence constante fut présentée lorsque
les nourrissons fixerent 1'autre montage. Tel que prévu, les bébés préféreérent '

fixer le montage associé a'la séquence qu'ils n'avaient pas entendue auparavant.

' La deuxiéme étude utilisa 1a technique pour déterminer si les nourrtssons

peuvent categorlser des séquences auditives a partir de leur contours
mélodiques.- La mmtl% des bébés furent f amiliarises avec un ensemble de
séquences a contours levants qui se distingaient a base de leur étendue de’
fréequences et formes dondes. L'autre moitié deﬁébés furent familiarisés avec .
un enser'nble de séquences similaires a contours tombants. Plus tard, pendant

une épreuve, les bébes purent écouter deux nouvelles séduences; une a contour
levant e{ I'autre & contour tombant. Les nourrissons préférérent 1a séquence

ayant le contour nouveau, pr:obab!ement par ce que la séquen'ce ayant le coptour
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nouveau, probablement par ce que 1a séquénce ayént le co}rtour familier fut
percue simplement comme un autre exemplaire de 1a caté’borte des séquences

* avec laquelle les bébés avatent déja été familiarisés. Afin de satisfaire une .
condition additionelle a 1a démonstration de catégorisation, la troisiéme étude -
~ démontra que les bébés pouvaient distinguer entre, au molné, quelque unés des
séquénggs de 12 deuxieme étude partageant le meme contour. On discuta des
résultats en rélanoﬁ a 1a recliérche contemporaine sur 1a catégorisation du,
langage et puis, 1'on proposa que 1a procédure “operant-Tixation preference
technique™ aura de T'utilité pour de futures études sur la catégorisation auditive.
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Developmental' psychologists have recently turned their attention towards

categorizatiqB behavior in infancy. Categorization is central to the development . -

. of flexible, économical information ;/)rocessing; it is involved in object
identification and recognition and in the assimilation and organization of new
knowledge (Bornstein, 1984; Bruner, Goodnow & Austin, 1956). Rudimentary
categorization ski Ils\likely develop at an early age; otherwise the divensity of
the environment would be overwhelming (Bruner et al., 1967).

Infant categorization refers to babies' ability to respond equivalently to
discriminable stimuli on the basis of shared properties. Typically, studies on
infant categorization consist of the following: Al; ter exposure to sevei‘al
discriminabfe stimuli th%t share common properfies, babies tend to treat as
familiar a novel stimulus that possesses th(_eosamg common properties. For
example, Fagan (1979) familiarized infants ;Nith several photogréphs of male
faces. Subsequently, infants reacted to a new male face as familiar while they
" reacted to a female face as novel.

For the most part, categorization behavior has been démonstrated with
 visual stimuli (see Harris, 1983 fora r;vieW). ‘Moreover, investigators have
| begun to Study ‘both the developmental course of visual categorization abilities
under fing categorization skills (Bomtga & Siqueland, Ié83; Sherman, 1985;"

- Strauss, 1979). In contrast, there has been little research has been conducted on

the categorization of auditory sti;nuli, and virtually all of the studies have dealt

with speech signals (see Aslin, Pisonj &'Jusczyk, 1983 for areview). Therefore,

'
) . - '

R -

dur‘-indj‘he first year of life(see Younger & Cohen, 1985) as wel} as the processes
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there is little information about infants’ auditory categorization and its

relationship to speech categorization. To begin to fill this gap, this thgsis

Presents a new methodology for studying infant categoriyza'tion and

.- categorization of musical patterns.

This chapter presents a general‘ introduction that first expfores a working

definition of infant categorization. Néxt, the relationship between

. categorization and a related phenomenon, berceptual constancy, is discussed.

Then, various methods for studying infant categorization éré exarpined. Finally,
thq chapter concludes with a review of the literature on infant auditory
categorization, jncluding work with speech and nonspeech signals.'
Refining Infant Categorization

Categorization is the ability to treat discriminable stimuli as equivalent
(Mervis & Rosch, 1981). It is a skill that is normally associated with adults or
children, but not with infants. Indeed, catégorization was traditionall)—/‘believed
to be very difficult for cﬁildren younger than 5 to 7 years of age (see Gelman,
1978). Howevér, even preschool children can c'ategorize if the testing situation
is apprgpriately adapted for youngsters‘(e.g., Markman, 1976; Rosch, Mervis &
Gray, 1976 ). Moreover, fesearchergyhave recently developed new methods that
seem go tap categorization skills in infants (Aslin et al., 1983; Harris, 1983;
Olson & Sherman, 1983). . ' ]

Thus, categorization abilities apparently extend over a wide age range

“beginnmg early in life. However, since testing procedures necessarily vary

.. across age, it is not clear that category formation reflects similar cognitive

processes across the life span, Consequently, the term categorization that is




w?

' applied to inf antswmay not be related to the same term found in the traditioral

literature.on cognition.

Researchers have begun to speculate about the processes underlying infant -
categorization. Hypotheses vary con5|derably. Mervis and Rosch (1981) -
described infant categorization in terms ot Flavell and Wellman's (1976) potion

. of “basic process The term implies that infant categorlzatlon unlike adult

'categorlzatlon is an automatic, unconscious process. Slmllarly, Gibson (1979)

believed that infants’ detection of invariant (i.e., common) infp'rmation across

stimuli does not involve an intellectual act of formmg an abstract concept He

‘believed that the perceptual system simply extracts the invariant information -

" from the flowing stimulus array.

In contrast, some authors have argued that infant categorization requires
abstraction (see Harris, 1983)', or the intellectual act of forming a mental
representatjon from a-collection of physical objects. Intellectual abstraction is

implicated by evidence that infant and adult categorization ghare certain

‘ processes. Adults calculate an average representation or prototype of the

members of a category (Posner, 1969; Posner & Keele, 1968; Goldman & Homa,
1977). Similarly, infants apparently remember not only stimulus values that are
actually present in all category members but rather, a prototype that does not
necessarlly correspond directly to any prevuously experlenced stimulus

Prototypes may correspond to the mean value of the dimension (Strauss, 1979)

‘or the modal value (see Sherman, 1985).

For 'example, Strauss (1979) familiarized 10-month-olds with faces that

differed along various dimensions such as the length of the nose and the distance
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“between the eyes. Du’ring a subsequent test, iﬁfants treated a face contaiding
the averagé value along the dimensions as more familiar tharr a face sontaining
values that had actually been presented more frequently than the ._average.
Similarly, Bomba and Siqueland (1983) exposed 3-month-old babies to various

_ cistortions of a prototypical geometric form. Subsequently, the newly presented

prototypical form was perceived as more familiar than a previously presented

distortion. ‘
Although such experiments suggest that infants sometimes retain an

abstract representation of category members, they do not demonstrate that
conscious intellectual processes underlie infant categorization. Instead, the
prototype effect may reflect constraints operating on unconscious perceptual .
and memory functions Further research is required to establish the role of .

active processes in prototype extraction.

]

Clearly, it is difficult to define infant categorization either on the basis of
underlying processes or In relation fo adult categorization. However, studies on
infant categorization have several common characteristics that suggest an
operational definition of the term. Babies are usually exposed to a series of

stimuli that are similar along at least one dimension, but differ along at least

one other dimension For exémple, infants might be familiarized with several '

© stimuli (e.g., red square, red triangle, and red circle) from the category of red °

geometric forms. Next, categorization is tested by determining if babies respond
to 2 new member of the familiar category (e.g, ared ellipse) similarly to the
way they responded to the familiarization stimuli but respond to X} member of a

novel category (e.g., a blue ellipse) differently.
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Within this paradigm, it is essential to demonstrate that the category

members are not responded to équivalently simply because they are perceived as

_ identical. Category members must be discriminable for infants within the

testing situation (Olson & Sherman, 1983), and not simply discriminable for
adults or distinguishable on the basis'of a scale of mea;surement. Within;-
category discriminability ﬁas not always been verif {ed in gtudies on infant
categorization (e.g., Cornell, 1674; Kuhi, 1980, 1983) perhaps because
researchers have aséumed that category members are distinguishable. However,

it ig'safer to actually test for within-category discrimination, especially in a

. hew paradigm or if there ’is limited information about the stimulus dimensions

-

being used. ’

Based on the operational definition, infant categorization here refers to
the following set of behaviors. 1) Aftér exposure to multiple stimuli with
common properties, infants treat a novel stimulus possessing the properties as
familiar, 2) babies discrirﬁmate among the stimuli sharing the common
properties. A behavioral definition 1s adopted because of our hmi.ted
understanding of the processes underlying infant categorization, especially
infant auditory c‘ategorlzatlon However, such a position is not meant to im‘ply‘
that underlying processes are irrelevani; Indeed, issues regarding processes
wi'll be addressed throughout the text.

In addition to the necessary criteria for demonstrating infant
categorization, other conditjons are also desirable. Both invariant features and -
dif ferentiatmg‘ features (i.e, features that vary across category members)

should be sBecifieq (Olson & Sherman, 1983) Otherwise, it is difficult to know
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the basis for category formation. Indeed, étudies in which invariant features
cannot be specified may overestimate infants’ categorization abilities. For ’
example, Cc;hen and Strauss (1979) habituated infants tb photographs of several
. female faces and f‘wj ‘that‘infants did not dishabituate to a new female face.
They concluded that babies formed a category for female faces and perceived the
new face as a member of that category. However, the characteristics shared by
the faces were not measured, so it cannot be determined whether babies’
abstracted a category for female faces or abstracted a simple attribute shared”
by the photographs. | -

Specifying relevant features may help elucidate the various factors that
influence infant éategorization. Infants typq"éally demonstrate categorization
behavior after being exposed tc:> a stimulus set that possesses invariant featur;s. :
- However, the probability of categorization is né't similar for all stimulus sets;
| rather, categorization is influenced both by the nature of the perceiver and by
' the context (Mervis & Rosch, 1981; Rosch, 1978). Thus, the probability of
categorization is increased if the nvariant property is inherently salient and
easily encodable, If wi thin-categdry discriminability is réduced, or if between-
categofy discriminability is enhanced. Consequently, the mere presence of an
invariant pfoperty is not sufficient for eliciting categorization For example, 4-
‘month-old infants categorized speech signals on the basis of vowel identity
despite the presence of distracting pitch—contour information, but did not
- categorize thg signals.on the basis of pitch contouf in the context of varying
vowel identity (Kuhl & Miller, 1982). However, different results might have been

o
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obtained with more salient variation in pitch contour or with other cha;gges to
the stimuli. - ‘ J

| In summary, infant catego.rization was defined in terms of infants’ behavior
- because of our limited understanding of underlying processes. Also, the use of
specifiable invariant and dif fefentiating features was reco;nmended to facilitate
. the understanding of babies’ behavior. In the next section, “categorization and a
relgted phgnomenon, perceptual consta‘ncy, are‘corﬁpared. Although
categorization and perceptual consténcy have traditionally been treated as
distinct, justifications are given for considering auditory perceptual constancy

in infancy as an example of infant a;ditory categorization.

Perceptual Constancy and Categorization .

- Categorization, the ability to treat discriminable stimuli as equjvalent,‘.
,«often involves grohb{ng distinct objects on the basis of common properties.
Perceptual constancy refers to instances in vgﬁich the visual perception of an
object remains unchanged over transformations in rotation, in distance from the
observer, or in color (Gibson, 1969) Nonetheless, perceptual constancy, which
typically concerns a single object and only certain types of invamanf and
differentiating information, has been viewed as an instance of categorization.‘
(‘see Bruner, Goodnow, Austin, 1956; seeEBomstein 1984) In object constancy
over rotation in space, for example, different perspectives of an object can be
considered discriminable events that are members of a particular type of
category called the ob ject. T
Infants apparently exhibit berceptual constancy of objects at an early age

(see Bornstein 1984; Harris 1983), and discussions of infant categorizafion have




"referred to research on infani perceptual constancy {Bomba, w1984; Bornstein.
"~ 1984). Whether. or not perceptual constancy and categorization across.objects in
infancy involve partially or entirely distinc; processes remains unknbwn.

_ In the 'audi'tory modality, some experimenters have also cjescribed
equivalence-making skills in infancy as perce:;tua] constancy (Endman, 1985;

. Kuh, 1980). Certain changes across auditory signals (e.g., variations in the
" ‘intonation contour of a vowel) were seen as analogous to object
transformations, so equating the stimuli was taken as aﬁ insténce of perceptual
constancy (Kuhl, 1980). However, since the notion of an "auditory object” is
) ambiguous there appear to be no true dlstmgmshmg factors between _
studies on auditory perceptual constancy and studies on audrtory categomzatlon )
| Hence, in the present paper, studies on auditory percpptual constancy are

reviewed and they are treated simply as research on auditory categoriiation.

Methods\for §tugyig{g Categorization

So far, the d‘iscussion has focused on simiiarities across studies of infant

( catégorization. However, experiments in this f ie.ld havé used a variety of
different methods. The following review examines techniques that have been

| used to investigate categorization mainly of auditory signals, but also of visual -
signals when it is relevant to the res{arch reported here.

To dgmonstrate categorization, infants must respond differentially to
category and noncategory members. ldentification procedures would be ideal, if —
they did not requiré infants to learn the difficult task of performing two distinct
responses (Fodor, Garret & Brill, 1975; see Kuhl, 1983, for a discussion). r

Typically, experlmenters have studied inf ant categorlzatlon with discrimination

~

\




‘habituation- dlshabltuatwn procedures.

—e

- paradigms that fall into two main Eléssés: reinforced traintng‘techniqués and

l‘ *

Training procedures. stually reinforced head—turmng techmques (Suzuki

. & Ogiba, 1961) have been used extensively to investigate speech categorization
| (Fodor Garrett & Brill, 1975; Hmenbrand 1683, Holmberg, Morgan &Kuhl 1977,

Katz & Juscyzk 1980; Kuh, 1979,1983). Their. basic premise is that babies will-

] learn a behavior to see and hear the activation of a mechanical toy or a.similar

3

dtsplay
F odor Garrett, and Brill ( 1975) investlgated speech categomz\atlon in 4-

, month-old infants using a left-right reinforced head-turning procedure. Half the

babies were tested for tneir"ability to group sylilables that shared phonetic

o ,'inf'ormation (same-phone syllables), while the other half were tested for their
-ability to group syllables that possessed a common acoustic tde (same-acoustic

cue syllables). Babies sat~facing two loudspeakers, one on the left and one on the

right. Speech tokens from both categories of syllables were presented |

f alternatively from one or the other of the joudspeakers. A visual reinforcer was

activated at the sqund source af ter each presentation of same-phone syllables
for one group, and after each occurrence of same-acoustic cue syllables for the

other.’ Anticipatory orienting to the visual reinforcer was taken asa measure of

" infants’ ability to categorize speech tokens. Although phonetic-grouping babies

demonstrated better angicipq“;oyy orienting, gl infants performed poorly,
perhaps because infants were too young to be trained in the procedure, or perhaps

. because two visual reinforcers were used (Kuhl 1983).

- {
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AN
Kuhl (1979) developed a more commonly used training method.- It combines

visually-reinforced head-turning with a transfer of learning format. Infants are

' (exposed to a repeating signal through a laterally positioned speaker. If they

orient to the speaker when the signal changes, a mechanical toy is activated. In

P

. the first phase of training, infants are presented a background signal that

. consists of repetitions of one token of a particular category (e.g., /bi/) and they

nust orient when the background changes to repetitions of a token of another
category (e.g, /di/). In the next phase, the background signal c;ongisté of
repetitions of tokens that.belong to the original training category but that diff er
along one or more irrelevant dimensions (e.g., /bo/, /bi/, }ba/ which are
members of the category of synables beginning with the phoneme /b/ that differ
in vowel context). Infants must ignorée cﬁfanges within the background category,
but'must still orient to tokens from the’sécond category. \

’ Thus, recognition of a new category member is indicated by an orienting
r;sponse while recognition of a member of the familiar category is indicated by
witholding the orienting (esponse The number of orlenting responses is
compared for test trials, in whlph the stimuli change, and? designated control

- trials, in which they do not.

Kuhl's procedure has proven useful for studying speech categorization. Its
primary advantage over other techniques is that infants do not habituate over
many trials because of ‘the visual reinforcer, so many data points can be obtained

from each infant. Thus, it is possible to examine individual as well as group

data. . i ' |
|
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The procedure, hdweve;', has some drawbacks for studying auditory
categorization. First, it is difficult to obtain a retiable head-turning response

‘ with infants yodnger than 5 or 6 months old (Mgore, Wilson & Thompson, 1977).

Second,\ the method is actually a training Qprocédure,' inasmuch as the

reinforcement contingencies specify the rules of categorization. Thus, it

provides information-mainly about infants’ ability to learn speech categories and
not neéessarily about the dimensions along which infants most naturally

- categorize auditory signais: »

B Hgbi_tg'ggign—dighgbiggg;iog procedures. Auditory categorization has a;so
been studied with the high amplitude sucking (HAS) and operant’ ixation
techniques. “An infant is first habituated to a set of stiméli that share at least
one common property defining the category. The infant is then presented a new
stimulus from the familiar category or a stimulus from a novel category.

*Evidence for Categorization is ;rovided by generalized habituation to the new,

“-familiar-category stimulus couplé& with recovery from habituation to the novel-
category stimulus. The discriminability of category members is tested by
habituating‘babies to a single member of the familiar category and
demonstrating récovery to other members of the category.

The invariant dimensions of the habituation stimuli specify the catégoﬁ,
and infants presumably notice the common properties and habituate to the
caterry as a whole. Members of the same category are treated similarly in’ {he

-_f 6!|owing senée: Just as there is little.interest in the category members at the

end of the habituation phase, there is little intérest ina new member of the' :

.
. -~
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same category during the post-habituation test phase. In contrast, infénts are
expected to show recovery of interest to a member of a novel category.

The HAS tecbqj’ue (Siqueland & DelLucia, 1969) has been used to invesiigate i
categorization in very young infants (e.g., Juscyzk & Derrah, 1983; Kuhl &Miller,
1982). The infant learns that sucking strongly on a plastic nipple (i.e., high
amplitude sucks) results in the prgsentation of an auditory stimulus. At first,
the rate of high amplitqde sucking increases as the infant learns the“ R
contingency, but then decreases over tife as the novelty 'of the stimulus
declines. Changing the auditory stimulus results inan mcreased rate of sucklng,
provided that the baby notices t[fe change.

The HAS procedure can be used to study categorization behaviour. During
habituation, sucking results in the presentation of multiple tokens from a
category. During the test, half the infants recéive a novel member of the
familiar category, and the other half receive a member of a new category.
Infants who receive the novel-category stimulus are expected to show an
increase in their sucking rate, while those who receive‘with the familiar-
category stimulus are not. —_

Although the HAS technique is effective, it requires rather elabc;r:a'te
equipment to monitor the response. Moreover, the procedure can be difficult toﬁ
implement; baseline rates o; sucking must be withirl a certain range to ensure
that the infant's sucking can both increase as the tontingency is learned and
decrease as the novelty of the stimuli declines. Perhaps a more important -~

drawback is that the procedure is only effective with pacifier-accommodating

infants, thus excluding most babies older than 4 mofths of age.

-
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QR The operant fixation habituation-dishabituation technique (Boyd, 1975),

whlch has been used for some time to assess infants auditory discrlmination
has only recently been used to[éxamlne categorization (Miller, 1983; Washburn,
1984). An infant can learn that f ixating a visual dispfay results in the
presentation of a sound. Furthermore, fixation of the visual display 'inithially
increases as the infant learns the contingency, bﬂf eventually decreases as the
novelty of the sound declines. Changing the auditory signal results in a recovery
of Ionking, provided that the baby notices the change.

Miller (1983) used this technique to study categorization of voices‘on the
basis of gender by 2-and 6-month-old infants. . During a familiarization phase,,
fixation of a display resulted in g sequence of six male voices or a sequence of

* six female voices:--During a-test pha‘Sﬁ”iJnf ants received either a set of new \
.tokens of the familiar category, a set of tokens of a novel category, or the Set of
familiarization stimuli. Six-month;olds provided evidence of categorization:

They did not show recovery for new tokens of the familiar-category, but did for
tokens of a novel category.! ‘fwo-month-olds in contrast, showed recqvery for
new tokens of the familiar category and for tokens of a novel category,
indicating discrimination but not categorlzatlon of the stimuli.

Miller's study, along with a procedurally similar study by Washburn (1 984)

established the effectiveness of operant fixation techniques to test

- ﬁategorizatiBn. The operant fixation procedure offers a number of advantages. It

requires only simple apparatus to measure the response, and there is no need to

establish stringent baseline data. Moreover, categorization behaviour is
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evaluated without training. Finally, unlike the HAS and relnforced head- turmng

techniques, it can be used over a wide age range

uoveltyjz- reference paradigm. The novelty pref erence technique has been

used extensively to study infant visual categorlzatlon, but until the present
research it has not been’applied to auditory categorization. Infants are
repeatedly presented several exemplars of a given category (e.g,2 se'nes of male

faces) during a fammarlzatlon phase Subsequently, two stimuli are presented

_inapreference test: a new familiar-category stimulus (e.g., a new male face)

and a novel-category stimulus (e.g, a female face). Infants are expected to look
at the f\ovel-categdry stimulus more than at the new, familiar-category
stimulus. To control for side preferences, each test stimulus canbe presented
to the child's 1eft for half the test'and to the right for the other Malf.

The procedure has been used to study categorization of faces both on the
basis of identity independent of orientation (Cornell, 1974; Fagan, 1976) and on
the basis of sex (Fagan, 1976,1979). It has also been used to study
categorization of geometric forms on the basis of shape (Bomba &Siqueland,
1983\) and orientation (Bomba, 1984). F inally, the method has been used to test

different models of how infants form a mental representation of a category

(Bomba & Siqueland, 1983; Sherman, 1985; Strauss, 1979).
Habituation-dishabituation' techniques and novelty-preference techniques
have been thoroughly compared as tests of infant discrimination (Cohen & Gelber;
1975). In contrast, comparieons of the procedure for categorization re'search ,
have generally focused on similarities of the techniques (Bomba and Siqueland,
t983';OIson&Sherman, 1983, Sherman, 1985). Categorization is indicated

-




similarly in both procedurés. infants presumably lose interest‘in the category
members durlng fammamzatlon and continue to lack interest when a new '
member of the famn iar category is presented.

Despite these similarities, there are important dif fefences between the 1.
methodologies. During the test phase of habituation-dishabituation paradigms, ‘
stimuli of familiar and novel categories are generally presented to different
groups of babies. Hence, the infant must make an absolute compériéon of the
test item and the familiarization stimuli, This is analogous to asking an adult if
a single item does or does not belong toa previously experienced set. The
experimenter then compares the absolute simllérity Judgements of babies
presented a familiar-category stimulus with those presented a novel-category
stimulus. In novelty-preference techniques, by contrést, both test stimuli are -
presented simultaneously, S0 the baby must make a relative similarity |
comparison. This is analogous to asking an adult which of two items leas‘t
belongs toa previously 6resented set. | ,

k The distinction between procedures can alsoh‘be exempli'f ied by the
discrepant findings one might obtain w1th each procedure. Infants in both groups
of a between-subject procedure may dlshabltuate to test stimuli, but lnfants in . ‘, |
a paired-comparison paradigm might nonetheless show a preference for one of
them. Hence, categorization abilties might be considered absent in the
between-subject procedure, but present in-the pairéd-comparison method.

To summarize, a number of paradigms have been used to study “
categorization, each havirig its strengths and weaknesses. Differences in the

phenomena tapped by, for example, training and non-training procedures, or by
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within-sub ject and between-sub ject designs, remain unclear..Future research

using the variety of«availablg techniques may elucidate these differences.
nt Categorization of Auditory Signal -

This section reviews studies of infant audito}'y categorization. It examines
the work on perceptual coﬁstancy, the search for natural cat“egories along \zhich
babies partition speech, and finally, the categorization of non-speech signals.

With two exceptions (Ehdman’, 1985; Washburn, 1984), all studies on infant
auditory cat.egorization have used speech sounds (see Aslin et al., 1983), not
simply because they are ecologically relevant, but ‘also because of theoretical
issues in the language development literature. Early on, investigators noted the
considerable acoustic variability among the exemplars of particular phonetic
categories. They sought to identify the invariant acoustic cues that specify such
catégories. Failing to do so, researchers suggested that specialized‘ speech-
processing mechanisms must underhe the comprehension of speech (Liberman,
Cooper Shankweiler & Studdert -Kennedy, 1967). Accordingly, experiments on °
" infant categorization were undertaken to demonstrate that infants process

speech signals differently from other auditory stimuli (Aslin et al,, 1983). Two
general types of categorization studies were conducted, each concerning ‘
“different kidds of acoustic variation that are encountered across the speech'
tokens within common linguistic categories (Miller & Eimas, 1983).
The first type of acoustic variation reflects variable production of a
particular segment in a given phonetic context by a single speaker. That is, the
acoustic signal associated with a phoneme varies depending on its position in a

word and the particular phonemes that precede and follow it. This vgriation has
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been studied in the context of experiments on “categorical percebtion' (fora
review of this research see Pastore, 1981; Pisoni, 1978). However, the findings
of infant categorical percéption studies do not conform to one of the criteria of
" categorization used here, namely that category members be discriminable.
Reésearchers have not firmly established that the grouping of stimuli in studies
of categorical perception is not simply due to infants’ inability to discriminate .
within—ce;tegc)'ry stimuliz (Miller &‘Eimas, 1983). , ]
The second source of acoustic variation specified ﬁy Miller and Eimas
(1983) arises from changing the speaker, the speech rate, the intonation contour:;
the phonetic context, and the liKe. Categorization in the context of such
variation has been investigated using acoustic tokens that have either been
" shown to be discriminable or are acoystically-so different that they are
presumed discriminable: Hené®, this body of research is relevant to.the present
studies. Some studies searched for linguistic categories along which infants
organize speech. Other research, on auditory perceptual constancy, concerned -
infants’ ability to equate acoustically distinct speech tokeﬁs belonging to.the
.same phonetic category. 3

The search for natural hinguistic categories Developmental research has

concerned itself with the way infants internally represent speech sounds, that
-is, investigators have éought the perceptual categories that babies may use to
divide the speech stream (Aslin et al, 1983) Some have suggested that bavies
group speech signals into categories according to phonemes (Fodor, Garett &
Brill, 1975; Holmberg, Morgan & Kuhl, 1977, Jusczykaf, Derrah, 1983; Katz &

Jusczyk, 1980). Others have argued that infants categorize speech at the sub-

£
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phonetic Ieyel, at the level of phonetic features; (Hillenbrand, 1983) (e.g., infants
might group the phonemes /m/ and /n/ since they share a nasal feature).

‘ 'As mentioned above, Fodor, Garrett and Brill (1975) used an anticipatory
headturn response to examine 4-month-old babies ability to form syllable |
groupings on the basis of phohetic and acoustic identity. The stimulus items
congisted of different syllables, some of which were from the same phonetic
category (e.g, /pa/ and /pi/) while others wére from, different phonetic
categories (e.g.! /pi/ aﬁd /ka/) that shared an important acoustic feature (i.e.,
frequency of the burst). Infants performed better for phonetic than acoustic
' groupings, suggesting that babies represent speech in terms of phonetic
categories. However, the satisfactory levels of anticipatory behaviour were
generally low, so the results should be interpreted cautiously.

Holmberg, Morgan, and Kuh1.(1977) investigated phonetic categorization _in‘
6-month—6!ds using Kuht's head-turning procedure. Babies discriminated the
fricative contrasts’/f/vs./e/and /s/vs./[/ when vowel context (eg, /fa/, /fi/,
. /fu/) and utterance position /fa/, /af/ were varied randomly. Hence, infants
‘werepfﬂe to categorize consonants despite the presence of distracting
information
~ Katz and Jusczyk (1980) tested if 6-month-olds can categorize the stop
consonants [b] and [d] across two and four different vowel contexts (e.g., /bi/,
/bo/, /be/, /bd/) more easily than for an arbitrary grouping of the same ?timuli
(e.g., with two vowel contexts), infants performed above chance for a phonetic
grouping of the syllables, but not for a nonphonetic groupmgf which supports the

phonetic categorization hypothesis. However, there was no evidence of phonetic
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categorization when four vowel cont'exts were used. ‘Thus, infants' ability to
"categorize phonetically may be lmited, or infants may have been taxed by the
demands of the headturning paradigm, or both .

Jusczyk and Derrah (1983) used the HAS procedure to investigate phonetic
categorization in 4-month-olds Based on Studies of visual.categorization |
(Bornstein, Kessen & Weiskopf, 1976, Cohen & Strauss, 1979), they h’ypothesl\’i‘zed
that familiarization to different instances of aparticular phonetic category
would result 1n less respondmg to a new instance of the same category than toa
new nstance of a different category. Usmg the HAS procedure, infants were
first presented with a series of syllables /bi1/, /bo/, /ba/, /be/ during a preshift

‘ phase and were that ;re‘sented the same series plus /bu/ (i.e, anew instance of
afamihar category) or /du/ (1.e, a stimulus from a new phonetic category).
Infants in the two post-shift gro‘ups did not differ significantly, so the results
failed to support a phonetic categorization hypothesis

Some’investigators' have hypotﬁhe\slzed that infants categorize speech at the
level of phonetic features Hillenbrand (1983) tested infants’ abihty to respond
to syllab:le groupings organized on the basis of plosive (/b/, /d/ and /g/) versus
nasal (/m/, /n/ and /q/) features of the initial consonants Infants were
imtially trained to discriminate a change from stop consonant to a nasal
consonant (e g, /ba/ vs-/ma/) Sul%sequently, babies maintained this
discrimination, even though other consonants were added to the categories (eg,
/da/ and /ga/ vs /na/ and /qa/) Although these results suggest that infants can

categorize speech tokens on the basts of phonetic features, babies’ performance
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could have been based on the presence of a salient acoustic correlate, such as
nasal resonance, rather than on an abstract phonetic feature (Aslin et al:, 1983).

Auditory perceptual \t\:onstancy. Some of the work on speech categorization

has been conceptualized in‘\terms of auditory perceptual constancy (Kuhl, 1979,
1980, 1983; Kuhl & Miller, .1982). Kuhi argded that much like the perceptual
constancy of an object across transformations in space, the perception of a

phone remains constant over acoustic transformations produced by particular

'syllabic contexts or by speakers. Just as we acknowledge the existence of real

objects in the visual modality, Kuhl suggested that phonemes can be considered
auditory objects, since they are eventually defined by sets of abstract
prototypical acoustic cues (Kuhl, 1986,1983).

Kuhl's experiments concerned babies’ ability to form auditory equivalence
classes despite irrelevant variations in either pitch or gpeaker's voice. The
méthod,combines a visually reinforced head-turning procedure and a transfer of

learning paradigm Infants are initially trained to discriminate between two

~single speech tokens that represent different phonetic categories. Next, they

are tested for transfer of traning to novel, discriminably different instances of -

;he sameophonetuc categories. ‘ |
Kuhl (1979) investigated 6-month-old infants' discrimination of two

vowel categories, /a/ and /i/, when stimuli were varied across two irrelevant

dimensions, pitch c;)ntour (rising and falling) and talker identity (male, female,

and child). Babies maintained the discrimination between the /a/ and /i/ tokens

despite variation across either dimension, which was taken as evidence of

infants’ ability for perceptual constancy of vowels.
[
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Similar studies with 6-month-olds demonstrated perceptual constancy of
consonants (/s/ vs./[/ and /f/ vs. /8/) (Hillenbrand, 1983; Kuhl, 1980) and of
other vowels (7a/, /4/) (Kuhl, 1983) across variations in speaker identity. Using
the HAS procedure, Kuhl. and Millec (1982) also demonstrate perceptual constancy
of vowels (/a/, /@i/) in 1-to 4-month-old infants. -Thus infants have quite a t;road
capacity for perceptual constancy of speech signals, a capacity that is at least
partly developed soon after birth.

To summarize, the research conceptualized in terms of perceptual
constancy suggestzs that young infants can group speech tokens according to
phonetic categoriés despite variations in pitch and speakers. The search for
innate cdtegories alonQ which infants pa}'tition speech has been less fruitful.
Results suggest categorization at the phonetic (Fodor, Garrett & Brill, 1975;
~ Holmberg, Morgan & Kuhl, 1977; Katz & Jusckyk, 1980) and sub-phonetic levels
(Hillenbrand, 1983). How‘ever, conclusions are difficult to draw becausé positive
“evidence was partial in certain circumstances (e.g, Katz & Jusczyk, 1980) and
subject to alternative inteﬁpre’cations in other, instances (e.g., Hillenbrand,

1983) ‘

R general; a number-of fac&)rs make the interpretation of speech
éategorization research difficult’ ﬁ;mong the factors is the frequent inability to
define the invariant acoust‘lc information that underlies infants’ categorization?
fypical]y, 1t is simply assumed that a phonetic category is, as yet, defined by an
unknown set 6f abstract configurational properties (gee Kuhl, 1980). Since the

basis for categorization is unknown, it 1s difficult to draw conclusions. For

example, categonzatlbn studies have sought to compare infants’ ability to group

-




sp,eeéh signals according to lin@uistic versus acoustic dimensioﬁs (e.é., Fodor et
al,, 1975). HoWe;/er, it is doubtful whether superior linguistic categorization in
a particular study could ever be taken as evidence of a general phenomenon. The
experimental stimuli may Simply“incorpqrate richer information for'linguistic
categorization than acoustic categorization. Hence, specification of the
information underlying linguistic categorization is required.

orization of Non-speech Audifgy Signal ‘

Only two studies have demonstrated true categorization of non-speech '
signals by infants.4 Washburn (1984) exam.ing’d the dgvelerpent of infants’ f !i
ability to perceive a category of rhythmic patterns. Four-and 7-menth-old

\

" babies were tested using a habituation of fixation procedure. There were two

. categories of rhythms [2-1 patterns (e @ @) and 1-2 patterns (e o 0)], each

with several exerpplars that differed in tempo. During the habituation phase,
infants in a category condition received either three sequences of the 2-1 .
category or three sequences of the 1-2 category, while infants in a control
conhition recejved just one 1-2 or one 2-1 pattern. During a test phase, all ) |
infants were presented four sequences: ghe f amilia} rhythm at a familiar tempo

(a familiar category member), the familiar rhythm at a novel tempo (a novel

_ instance of the familiar catedor’y), a novel rhythm with a famiiiar tempo, and

finally, a novel rhythm with a novel tempo.

" At both ages, babies. in the control condition dishabituated to a change in
rhythm or to a change in tempo, thereby indicating their sensitivity to both these
auditory dimensions. In the category condition, 7-month- olds showed the

~ expected pattern of results. They did not show-recovery'to a hew member of the

~

®
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- f amiliar category (a familiar rhythm with a novel tempo), but did recover to a
member of a novel category (i.e., a new rhythm). In contrast; 4-month-old

infants showed recovery not only to an instance of a novel category, but alsotoa -
novel member of the famjliar category. Thus, both groups discriminated rhythm —
and tempo information, but only the older group categorized the sequences on the
basis of. rhythm. _ | )
" Endman (1985), using Kuhl's (1979) proceudure mvestvgated perceptual
constancy of two harmonic st;‘uctures in 7~ and 8-month-old babies. In the
training phase, babtes were taught the harmonic structure contrast.
Subsequently, mfants were tested for théir ability to maintain the harmonic
structure discrimination across variation along one of three dimensi-oT\s
mtensity , duration, or fundamental frequency. A fourth condition was included

to rule out the possibililty that infants performed simbly by memorizing which

. exemplars belonged to a particular harmonic structure category. This condition

tested babies’ abmty to form arbitrary groupings from exemplars that did not all
share the same harmonic strycture -

_Infants were able to categorlze swgnals according to harmonic structures,

despite variations along the other dimensions. In contrast, exemplars could not

bo catégorized on the basis of arbitrary groupings. Inasecond study, Endman
demnonstrated that babies were also able to maintain intensity, duration, and
fundamen;al frequency discriminations across variations in harmonic structure.
The dearth of research on the categorization of nonspeech signals is
surprising. Such studjes could examine the processes underlying early auditory

categorization. Moreover lnvestlgatlons of nonspeech categorization might also
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eluéidate findings for the language development fit_erature. Thus, several studies

" were undertaken here to examine babies’ ability to categorize auditcjry ‘

1

sequences.

* Qutline of Thesis ’

The studies used synthetic nonspeecp tonal sequences, which enabled the

épecif ication of dif ferentiéting and invariant information across category

. members. At the same time the stimuli were selected to resemble those used

_ for speech categorization research. As mentioned above, speech categorization

studies typically require infants to categorize stimuli that do not share any
simple invariant acoustic cues. Similarfy, the bresent reéearcmconcemed
infants' ability to equate sequences that do not share any simple aéoustic
information but rather share a more abstract characterlstlc frequency contour
(e.g, a 100Hz tone followed by a 150 Hz tone represents a rlsmg frequency

contour). , . - .
Sequences with the same contours differed in frequency range and absolute

.frequency-of théktones, but possessed similar frequéncy relationships between

tones. Fpr example, t_he sequences 100 Hz- 150 Hz and 2000Hz-3500 Hz have the
same rising contour. They share relational information rather than any specif ic
acougti‘c information. Thus, category- formation on the basis of frequency
contour is a more abstract form of categorization than categorization on the .
. basis of a single acoustic cue. The abstraction of fr)equency contour requires an
appreciation of the complete pattern aver time, and equatlng patterns on the
basis of contour information cannot be done sumply by matching tonal frequency

values in two pattems Lo A

. . - - e
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Study 1, described in the following section, evaluated the suitability of a
new technique for examining auditory functions in infancy. In studies 2 and 3,
the method was an effective non-training procedure to demonstrate auditory
categorization in 10-month-old babies. In particular, the s‘tudiqs tested babies’

ability to categorize auditory patterns on the basis of melodic contour.
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- Study 'l .
A New Method for Evaluating Auditory Discrimination

Td measure infant auditory'disc}'imination, an operant-f i‘xation technique
waé combinep with a ndvelty-preference test-similar to that used in studies of
infant vision5 Operant fixation procedures in between-’s‘ub ject designs are
effective for assessing auditory discrimination in 3- to 7- month-olds (Demany,
1982; [;emany & Armand, 1984; D\emany, Goodman & Haith, 1982; Demany, .
McKenzie, & Vurpillot, 1977, Washburn & Cohen, I§84). Babies are presented a
single visual target, and sound is presented contingent on fixation of the ta'rget.' .
All'infants‘a're typically ﬁabitugted to the same stimulus, and, after habitﬁation,

- different grooups of infants receive different test stimuli. Conclusions are bas-ed
on between-group differences in infants’ responses to the test sounds. ’
Bundy and Columbo (1981) conducted'the only study of infant audition using
an operant-fixation preference technique. They tested 4-month-old infants for a
natural preference between two sounds, white noise and a female voice. Infants
were seated facing t'wc; identical 1it patterns. Fixation of one display resulted in
the presentétion of a female voice, while fixation of the ofher display resulted in
white noise. Half the infants receiveda voice-left/noise-right condition, while
the other half received the opposite contingency. A comparison of the total time

fixating each display revealed that infants preferred the voice.

Thus, a fixation preference procedure can measure auditory selectivity for
. 9

- strikingly different sgunds in )"oung infants. The present study extended Bundy
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and Cotumbo's (1981) findings inthe f ollowing-ways: First, the procedure was
adopted to tes;t auditory discrimination rather than naturalapreferences; the new
procedure incorporjated E)oth af amiliérization phase and two test periods similar
to those in visual novelty-preference studies. Second, the procedure was used to
test a finer auditory discrimination than that testeq by Bundy and Colombo.

F inaﬁy, the present study evaluated.the effectivenes of the technique with infants
as old as 11 months of age.

The utility of the procedure was tested with a frequency discrimination,
since it is well established that babies are sensitive to frequency information.
Young infants discriminate frequency changes in pure tones, viz., 200 Hz vs. 500 Hz
(Wormith, Pankhurst & Moffit, 1975)-and 1100 Hz vs. 1900 Hz (Berg, 1972; Leavitt,
Brown, Morse & Graham, 1976). ,Iﬁdeed, frequency difference limens in 5- to 8-
month-old infants are almost as small as adult values (Olsho, Schoon, Sakai,
Turpin & Sperduto, 1982b). Moreover, babies are sens%tive tof réquency
information in patterns. They can discriminate between auditory sequences that
either differ in the frequency values of their tones (e.g., Chang & Trehub, 1977a;
Kinney & Kagan, 1976) or differ _in the order of their tonal components (eg,
Demany, 1982; McCall & Melson; 1970; Melson & McCall, 1970).

The present stﬁdy tested babies’ discrimination of two sequences. One
pattern consisted of an identical repeéﬁng tone; 'tr)e other pat tern alternated
between two tones that differed in frequency. Infants were first familiarized
with one of the s;equenCes and then tested for a preference bet ween the two

patterns. It was expected that folléwing famiiiarizatiorg, infants would prefer the

novel test pattern.
g
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Method

© Subjects

Twenty-four full-term infants (13 males and 11 females) served as
subjects; they were between 44 and 48 weeks of age (mean age: 46 weeks). The
infants were recruited by first sending a letter to parents whose names were

found in newspaper birth announcements and in hospital 1ists. The letter was

- followed up with a phone call. Eleven additional infants were seen in the

laborﬁtofy, but they did not provide data due to distress (n =6), procedural or

equipment problems (n = 4), or because the); did not sufficiently sample both test

stimuli(n = 1). >

B

Apparatus.

The equipment included a camera (Panasonic WV-1 350A) with an infra-red
lens ( Canon TV Zoom lens), two loudspeakers (Boston Acoustic A40), two

tapedecks (Hitachi D-E11), one stereo amplifier (Hitachi HA-2800), a

‘ videotaperecorder (Sony-matic AV-3650), a television monitor (Sony CVM-131), a

pocket computer (Radio Shack TRS-800), a Tandy-headphone radio, and a
sychronizer. Two adjacent rooms were 'use_d: the infants were tested in one room
and the experimenters operated the video, audio, and computer equipment in the '
other (see Figure 1). ‘ , .

Testing room. The testing room included tw\/o visual displays mounted 425
cm apart from centre to centre on a table 735 cm from the ground. Each visual
display was a lit hexagonal form with a perimeter of 15.3 cm, cons_gfijcted by

inserting fransparent plastic'markers into a peghboard placed in front of a 25-watt
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white bulb. infants faced both displays at a distance of approxi,mately 65 cm. ' ,
Behind 'the displays was a large, dark blue screen, at the top of which were
mounted two red 1amps that dimly 1it the room. A camera, hidden behind the
screen and located midway between the two displays, videotaped the baby’s face '
through an observation hole. Also hidden by the screen were two loudspeakers, one
located behind each display. -~ ,, o _
Control room. A videorecorder in the operator's room displayed the image of
the infant's facé on a televﬁsion monitor. A pocket computer mounted in 2 wooden
frame was used to record the infant's total fixation times during successive 10-
sec periods of observation (see Haith & Bertenthal, 1979 for a discussion of this
technique). Two Plexiglas levers were fixed to the wooden frame and extended
over the keyboard of the corhputer. Depressing a lever simultaneously closed
switches controlling both a timer in the computer and the loudspeaker-tape deck
circuit. One lever activated the left loudspeaker, while the other activated the
right speaker. The synchronizer monitored the odtput of the tape decks via the
headphone jacks. The synchronizer prevented a clicking sound associated with the ~
sudden onset or offset of an auditory signal: If one of the levers was depressed
during a signal, the presentation of the sequence was delayed until a silent
interval was encountered in the pattern; similarly, if a lever was released during a
§ignal, the cessation of sound was delayed until a silent interval. An additional
switch controlled the illumination of the visual displays and two other switches

_determined which of the two tape decks supplied sound to a particular speaker.
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The stimuli were synthesized digitally\‘on a PDP-11/34computer, using the
Mitsyn software package (Henke, 1975). Stimuli were output on two channels of
the comput,er's digital to analog converter and recorded on 4-track, 2-channel .
audiotapes (Realistic, Hi-Bias) with an Hitachi D-E11 tapé deck.

‘ Two auditory patterns were used (see Figure 2). Each consisted of a series
of goo-msec pure tones' with 20-msec exponentially ramped rise and fall times.
All inter-tone intervals were 200 msec. Inone pattern, all the tones were 1100
Hz (Cof\stant pattern). _ln the other pattern, the tones alternated between 1100 and '
1900 Hz (alternating pattern). The two frequencies were chosen because they are
discriminable by infants (Berg, 1972; Leavitt, Brown, Morse & Graham, 1976). The
ambient sound pressure level in the room was 50 -35 dBA. All patterns were
present\ed at mean peak intenhsities of 65 dBA, as measured at the posntiqn of the
infant’s head.

The auditory patterns were recorded on one channel of the audiotapes, while
a sequence of 100-Hz pure.tones was recorded on the other channel to control the
functioning of the synchronizer. The 100-Hz pure tones began 10 msec before, and
ended 10 msec af ter, eéch of the simulus tones.

Procedure

! Parents were first asked to read and sign a consent form that reassured
them regarding the safety of the procedure and briefly described the nature of the
study (see Appendix A). Next, one of the parents was seated in front of the
displays and instructed to hold the child on his/her lap without hindering the

infant's head movements and without talking To reduce the likelihood that the
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parenf would influence the child's behavior, he/she was asked to wear"a blindfold,
_and the purpose of the study was not revealed until testing w‘as completed _

The infant faced the two 1dentical visual displays, one on the left and one on
'tt;e right. An observer, unaware of the experimental conditions, monitored the °
infant’s visual activity on the video monitor. The obsérver listened to music
through headphones which preven‘ted her from hearing the experimental stimulf
and ensured’ that she remained naive to the experimental céndltions whenever
the:.baby fixated one of displays, the observer pressed the lever that presénted a
sound pattern through the speaker behind that display An assistant controlled the
lighting of the visual displays, the synchronizer, and two relays that determined
which of the two tape decks supplied sound to each of the loudspeakers.

The procedure included a familiarization and a test phase The
fami liarzation phase began when the observer signalled the assistant to
iilummate the visual displays. During familiarization, fixation of either display
resulted 1n the presentation of one of the repeating sequences, the constant
pattern’for half the infants and the alternating pattern for the other half When
the pattern had been presented for a cumulative period of 60 sec, the computer ‘
emitted a 3.2-sec tone that indicated the end of famihiarization. During this ‘
interval, the assistant signalled the observer not to judge the infant’s fixations
and made the necessary ad justmemls in.the audio equipment to start the test
phase. ‘

The 40-sec test was divided into two 20-sec periods The first test period
began when the signal tone stopped, at which time the assistant SIE;naHed the

6bserver to resume judging fixations At the end of the first test period, the 3.2- \

)
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sec tone was emitted again, during which time adjustments were made to the
‘equipment. The second test period followed. '

During one of the test periods, fixation of the right display resulted in the
familiar pattern, whereas fixation of the left display resulted in the novel pattern.
For the other test peflod, the left-right position of the sequences was reversed.
Hence, the familiar pattern was preseﬁted on the left.-for half the test phdse and

on the right for the other half, with the order of familiar-left and famliar-right

counterbalanced across subjects. :

’

After the test, the observer, who was still naive to the experimental
conditions, determined 1f the infant had been suff iciently‘calm and alert to
provide scorable data. Next, the fixation data were retrieved from the computer's
mémory and considered acceptable 1f the child sampled each test pattern for at
least 15 sec during the'test. Finally, parents were asked for some demographic
information concerning themselves and their child (Appendix B) and they were

informed regarding the purpose of the study.

i %Results
An initial analysig tested if infants in the two familiarization gro;Jps took
similar amounts of time to accumulate 60 sec of viewing time. The basic datum
was the number of 10-sec blocks to reach the familiarization criterion. Aone- .°
way analysis of variance (ANOVA) was conducted with F amiliarlzathn Pattern
(constant and alternating). as a between-subject factore Although infants who

received with the constant pattern took somewhat longer to accumulate 60 sec of

t
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fixation time than infants who received the alternating pattern (13.6 vs.11.4 10-
'sec blocks), the groups did not differ significantly, E (1, 22) =2.90, p>.05.
. An analysis was undertaken to determine if infants’ interest in the stimuli "

declined over the course of the familiarization phase (see Table ). The dependant

variable of interest was amount of looking A 2 x2 ANOVA was conducted w
Block (the first 30 sec of familiarization and the last 30 sec) as a within-subjec
factor and with Familiarization Pattern (alter;nating and constant) as a between- '
subject variable. The analysis yielded a significant nﬁaiﬁ effect for Block, E (1,22)" )
= 9.35, p<.05, but the interaction was not significant, £ (,' ,22) = .14, p>.05. Hence,
the mean duration of looking declined from the first to tﬁe 1ast 30-sec block }
similarly for both familiarization groups.

The primary analysis determined if, as expected, infants fixated the display
associated with the novel pattern more than they fixated the display associated

with the familiar pattern The dependent variable of interest was the proportion

of time spent fixating the display associated with the novel pattern (prop,,,). It
was calculated as proppey= [ tnov/ (thov* tram) 1 Where t,,, was the total time an

infant fixated the display associated with the novel sequence and te,,, was the

total time the infant ffxated the dispiay associated with the familiar sequence?

The mean prop,,, value was calculated across all subjects and compared to
.50, the proportion expected by chance The obtained value, 61, was significantly
-greater than 50, {( 23) = 3.67, p <.05, 1-talled Thus, babies fixated the display
associated with the novel sequence more than the display associated with the

familiar pattern. o, {
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Although thé experimental design was counterbalanced, an analysis was .
cohducted to verify that the preference for the novel sequence was not
artifacfually due to a natural pref erence for one of the patterns. The prop,, data
were subjected to a one-way’ ANOVA ;vith Fémiiiarization Pattern (alternating
and constant) as the between-subject factor. The analysis yielded 3 marginally
significant effect of familiarization paitern, E(1,22)= 3.41,p<.08. Infants in
the constant-pattern gro.up lopke&at the display associated with the nm;el pattern
more than .{nfants in the alternating-péttern group (.66 vs. .56). That is, babies
loaked soméwhat more at the display associated with the novel pattern if it was .
alternating rather than constant.

An additional analysiswwas necessary to ensure that the pref erénce for the
novel test pattern across conditions was not attributable solely to infa;nts' natural
preferences. The proportion of looi(ing time attending to the alternating pattefn
(propy) was computed as follows: propyt = tan /(tait *teon), where t,, was the total
time an infant fixated the display associated with the altemaiing pattern, al;q teon
was the total time an fnfant fixated the display associated with the constant \
pattern. A one-way ANOVA with Familarization Pattern (alternating and
constant) as a between-sub ject factor yielded a significant result, F<1,22) = 5,53,
p<.0S. Infants fixated tﬁe display associated with the alternating pattern
significantly more during the test ;vvhen they had been familiarized with the
constantpattern than wheh they had received the alternating pattern (.60 vs. 44)
‘That is, infants’ preference for the nove) test pattern was not attributable to a

natural preference for the alternating pattern._

>
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‘ ‘- Discussion ~ 2o
St\:dy 1 established the utility of a novelty- preference fixation procedure

. for testing infant auditory dlscrlmjnation Moreover, the experiment demonstrated

" that an infant-controlled preference tefhnique is suitable for testing a finer

auditory dlscmmmatlon than the one originally examined by Bundy "and Colombo
( 1981). Finally, although operant fixation procedures have generally been used
with young babies, this study demonstrated that the procedure can be used with

infants as old as 11 months of age.
When the present research was underway, Colombo and Bundy (1983)

developed a similar novelty-preference technique for testing auditory

2
discrimination in 4-month-olds.. Just as in the present technique, infants were

f ammarlzed with a pattern and then durmg a test, fixation of one display

resulted in a novel pattern, while fixation of the other display; resulted in the

“familiar pattern. HoweVel:, there is an important difference between their

procedure and the one reported'here. In the Colombo-Bundy procedure,

, presentation of the familiarization stimuli v'vas not contingent upon infants’

- fixations, whereas, here, infants' were presented the famlliarlzatlon stimuli only

lf they flxated the displays. ,
Colombo and Bundy's (1983) familiarization procedure may be advantageous
for testino\young infants,,since it requires shorter performance. However, there
are possible drawbacks to their approach: First, at the onset of the test, infants
have not learned the contingency between fixation of the displays and the

presentation of sounds. Consequently, comparison of the two test stimuli may be

-
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delayed, S0 novelty preferences may not be obtained with familiarization stimuli
that are remembered only briefly, ‘

Second, infants see the visual displays for the first time at the on§et of the
test, so they probably process and compare them. Indeed, infants shift gazes back
and forth between two displays, especially if they are similar (Ruff, 1975).
Initial visual processinsj may disrupt auditory processing, thereby introducing
error into the results. - . ’

Finally, in the Colombo-Bundy procedure, it is not posstble to evaluate
babies’ initial interest in the familiarization stimuli or-the declme in interest-
over time. Experimenters do not always necessarily know how many stimulus . |
presentations are necessary to ensyre femiliarization; S0, an actual measure of ’
familiarization may be useful. | |

Desplte the dlfferences between the two paradngms the consistent findings
indicate that a novelty preference fixation technique is suitable over a wider age
range than other procedures. The HAS procedure is not suntable for infants older
‘ than 4 months, while reinforced head turmng techniques do not work with infants
younger than 5 or' 6 months. Thus novelty-preference techmques of the type used
here can probably play a role in future studies that compare auditory functions of
" different age groups and age comparlsons will not be confounded with procedural

. differences (Washburn, 1984). | ' L
The method developed here is not only useful for developmental studies, lt

is also suitable for addressing questlons on infant audltory categorization. A
novelty- preference paradigm has the advantage of incorporating within-subject

comparlsons and, unlike the reinforced head turning procedure, enables the

A




G evaluation of categorization in the absence of training. Hence, Study 2

investigated "éétegorization in 10-month-old infants using the methodology
developed in study 1.

@ »




Study 2 '
Categorizing Sequences on the Basis of Melodic Contour

Using the novelty-preference method, etudy 2 examined the ability to
categorize auditory sequences in 10- to 11-month-old infants. Specifically, the
study tested categorization of sequences on the basis of melodic contour in the
context of two varying dimensionfs, the frequency range® and the wave form® of the
‘ .tones. One objective of this study was to examifie infants' ability to form “
categories on the basis of invariant information that is more qbstract than simple
acoustic features. The abstraction of melodic contour requires a sensitivity. to :
- the frequency relations between tones across time. Equating frequency relatlons

‘cannot be done'-”by snmply matchlng frequency values of tones across sequences.

. Rather the frequency relations must be encoded in a more abstract form,
, independent of the particular frequency values. Before descrlblng study 2, it is
worth reviewing the relevant research on infants’ perception of melodic contour

. There is considerable evidence that infants are sensitive to the contour
information of auditory, ‘signals. Babies can distingujsh between speech tokens that
" have different frequency contours'd (Kuhl & Miller; 1982) and they prefer to listen
. to sounds that have expanded frequency contours (Fernald, 1981; Fernald & Kuhl,
1981) Two studles have alsq demonstrated that lnfants are sensmve to melodic

contour (Chang &Trehub 1977a Trehub, Bull & Thorpe, 1984)., .

P
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Using a cardiac habituatio}\-dishabituation procedure, Chang and Trehub
(1977) habituated S-month-old infants to a single six-tone pattern and then
shifted either to a musical transposition of the standard pattern or to a control
pattern that consisted of the transposed pattern in scrambled or'der‘.
Dishabituation, as measured by cardiac depeleration, was indicated by the control
group, but not by the group exposed to the transposition. The authors concluded
that infants' perférmance was based on the common melodic éontour of the .

- standard and transposed patterns.' Strictly speaking, the adthors demonstrated
| discrimination of melodic contour, and oi)tained no evide;nce of discrjmihétfon of a

[ ——mt—

transposition®
~ Recently, Trehup, Bull, and Thorpe (1984) tested berception of meladic
contour in 8- to 11-month-old infants using a reinforced head-turning procedure.
In tWo studies, infants were f irsi expdsed to 4 six-tone “standard" melody and ~
then tested for discrimination of the ‘foll-owing types of transformations of the
standard melody: 1) a transposition, in which the frequency ratio of successive
tones remaineq intact, but the absolute f requency of individual tones was changed;
" 2)a contour-pre‘serving condition in which the con\;our remained intact, despite
changes in absolute frequencies and frequency ratios; 3 )‘ an octave-
change/;:ontoUr—preserving condition in which several tones wgf*e displaced ;o the
same note in another octave, thereby altering the absolute frequencies and |
" frequency ratios, but reiaining the original contour; 4) én octave- »
changg/contour-violatir{g condition in which several tones were displaced, thereby

altering the absolute frequencies, the frequency ratios, and'the contour.

“




Initially, the standard pattern was repeatedly présented from a laterally
- positioned sound source. Next, i?fants received one of the transformations of the
standard pattern, and a visual reinforcer was activated if they oriented toward the -
sound'source when the pattern was changed. Infants were required to learn to
consﬁstentl.y turn toward the'sound source when a transformation was presented, .
but wit.hhold the response when no change in the standard pattern occurred.
Successful performance was taken as evidence of the discriminability of the
standard pattern from transformations. _ |
In the first study, infants discriminated all iransfdrmations from the
standalrd contour. Inthe second study, a distraction sequence was insertédﬁ
between repetitions of the standard melody as well as between the standard and .
transformed melodies. infants failed to discriminate transposition/s as well as
contour preserving patterns in which the absolute frequencies and frequency ‘
‘ raiios were changed.’ In contrast, they discriminated transformations involving
changes of contour with note name and frequency preserved Infantsalso . °
discriminated between sequences whose tones were frorlw different oc’t:&;ves, |

suggesting that babies are sensitive Eg%cdl l/Fr'eEUe/ncy range of the patterns.

. The two experiments support a number of conclusions First, under ideal

. circumstances, babies are sensitive to changes in melodic contour, frequency
range, the absolute frequency of tones, and the frequency intervals between
successive tones. However, under distraction conditions, infants attend to and
remember the melodic contour and frequency range, but are less likely to
remember information about absolute frequency or frequency ratio. Thus, it may
be that melodic contour_and frequency range are inherently more salient and/ or .

L



resistant to memory decay than other dimensions in the presence. Alternativelf,
the parficular values and differences selected for melodic contour and frequency
range may have been more salient than those selected for absolute frequency and

&

frequency ratio.
Hence, previous evidence indicates that infants perceive melodic contour.

The present study extended thse findings by investigating babies’ ability to
equate distinct sequencé's that shared a common contour. The sequences differed

strikingly along two, rather than one dimensibn; (requency rangé and wave form of

-

£

the tones. ‘ i
flnfants were initially familiarized either with a set of’i‘ising'mglodici
contour sequences or with é similar set 6f falling melodic-contour sequencés.
Within each set, sequences differed from each other in frequency range and wave
form. Next, during a preference test, the subjects were presented two novel
patterns with a new frequency range and a new wave form; one ofi the patterns had
arising contour and the other had a falling contour. That is, one of the test
patterns was a new member of the familiarization category while the other test
pattern was a member of a novel category Even though both test stimuli were
actually new,J,&f w\és expected that infants would prefer'the sequence from the

novel category over the sequence from the familiar category.

Method _

’ \ Twenty-four full-term infants (11 boys and 13 girls) between 44 and 48

\

weeks of age (mean age: 46 weeks) participated in study 2. Infants were

b3 .
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recrunted in the same manner as in study 1. An addmonal 24 infants were seen in
thé laboratory, but they did not provide data Jue to distress (N= 12), procedural
difficulties (N = 7), or a failure to sample both test patterns (N = 5). Additional
demographic information regarding the infants that provided acceptable data is
presented in Appendix C.

Apparatus

The equipment used was the same as for study 1.

Stimuli

The sequénces were synthesized in the same manner as the stimuli in study
1. They consisted of five tones spanning one octave, arranged in either an
ascending or descending péttern. The tones were 150 msec, with 20- msec
exponentially ramped rise and fall times (see Figure 3). All intertone intervals
were 50 msec. As in study 1, a 100-Hz tonal sequence controiled the functioning'
of the synchronizer. .

The familiarization stimuli are presented in Figures 4and 5 Tnere were two
sets of six different adeltory sequences One set included three rising patterns
(Figure 4), with two versions of each, that differed in the wave form of their
‘tones. Oné wave form (W1) consisted of equal intensity weightings (33, 33, and
.33) on the first, second, and third harmonics, while the other (W2) consisted of
tones with approximately equal intensity weightings (30, :35, and 35) on the
first, sixth, and eighth harmonics The other set of familiarization stimuli (Figure
5) was 1dentical to the six rising patterns except that the temporal order of the
tones was reversed to yield six falling patterns The test stimuli (Figures 4 and

‘S) consisted of two new patterns that were identical to each other, except one had
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a rising contour and the other a falling contour. The tones of the test patterns;
were sine waves (W3) ( i.e., they had intensity weightings only with the first
harmonic). ,

The ambient sound pressure level in the room was 50-55 dBA. The intensity
level of familiarization stimuli was set at 65 dBA at the position of the baby's
head according to a calipration tone recorded at the beginning of each audiotape.
The calibration tone consisted of a pure tone with a frequency level corresponding
to the average frequency of ,all notes of the familiarization patterns. The test
patterns were presented at mean peak intensities of 65 dBA.

Procgg\ ure

The procedure was similar to study 1. The experimental design 1s
represented inFigure 6. During the familiarizaotlon phase, fixation of either
display resulted in a randomly ordered presentation of the six rising-contour
sequences for half the infants and the set of six fglling-contour sequences for
the other half. Famiharization continued until an infant’s total fixation time in a
JO-sec period had dechined by below 50% of the fixation time during the first 30-
sec of familiarization A subject-specific criterion was adopted because 1t was
unclear how much time mfants required to process the varying familiarization
sequénces. As In study 1, the test phase consisted of two 20-sec periods, but
there was a 48-sec bause between the famiharization phase and the first test
period and between the first and second test periods

During the test periods, ﬁxatwon of one display resuited in the presentation
of the rising-contour test sequence, while fixaton of the other display resulted In

the presentation of the falling-cont:j test sequence Each test pattern was
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presented on the left for one test period and on the right for the other test "period,‘
with the order of rising-left and rising-right counterbalanced across subjects ..
The criteria for including an infant's date; were similar to those usedjn-‘
study 1. First, the observer, who was unaware of thg experimenial condition,
determined if the baby had been sufficiently calm and alert to provide scorable
data. Next, the f l:xation data were retrieved from the computer's memory and
considered acceptable if the infant had sampled both tgst batterns for at least 1.5

sec during the test period.

S ¢ \ . . .

L4

,.» Results .

Imtlally an analysws was conducted to determine if the amount of Iooking
during fammarlzatlon was mfluenced by the familiarization condition. A one-way
ANOVA was conducted with Familiarization Condition (ie., rising or falling) as a
between-subject factor. The analysis yiglded no significant difference between
the familiarization looking time in the rising condition (90.S sec) and the falling
candition (101.9 sec).

The usé of arelative criterion of habituation ensureddthat datawere t
obtained only from sub Jects who habituated to the famillamzatlon stimuli.
However, an analysis was conducted to determine if initial lookmg and the declme \
of looking was influenced by the familiarization condition. The dependent variable
was amount of looking during @ 30-sec block. .A 2 x 2 ANOVA was conducted with
Block (the first 30 Sec of familiarization and the last 30 sec) as a within-subject
factor and with Familiarization Cond?ﬁion (rfs{ing and falling) as a between-

. subjegt variable. The analysis yielded a sig'nificént main effect of Blbck, E(1,22) °
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\

- =622.38, p<.05. Neither the main effect of Familiarization Condition , E (1,22) =

49, p>.0§, nor the' Block X F amjliariza'tibn Condition interaction, E (‘l ;22) = .07,
p>.05, wel;e significant. The data are presented in Tab‘le 2. As expected, infants
looked less during the last 30-sec block of familiam:zatic’)n than during the first
J0-sec block. Moreover, virtually identical patterns of looking were obtained for
the two familiarization groups. | 4

.The primary analysis determined if infanfs fixated the display associated

" with the novel-cbntour pattern more than the display &associated with the -

famlliar-contour pattern. The measure of prlmary intérest was the proportlon of
test time spent f |xat|ng the dlsplay associated with the novel-cogtow pattern
[i.e., ProPpoy=[ togy/ (taey* tram)l The mean prop,, was calculated across all
sub jects*and compared to .50, the proportlon expected by chance-The obtained
value .58, was significantly greater than .50, t(23) = 2.31, p<.025, 1-tailed. i’hus,
infants fixated the display associated with the novel-contour pattern more than
the"displa associ'ated with familiar-contour pattern.
' Secondary analyses were conducted on the proppyy data separately for each
familiarization group.: The rlsmg-contour famlharlzatlon group preferred the
falling contour test sequence (M = .61)/31gmf|cantly mpre than chance, t(11)=
§.7S p¢.05,1 -tailed. The fa_ﬁing-contour familiarization group preferred the
rising-contour test [« .Sz‘t) sequerice, but the preference was not- statistically
significant, t(11) = 1.00, p>.05S, 1-tailed. However, fﬁe two groups did not differ in
their preference for the novel-contour test, F(1,22) = .92, p>.05. ’ ‘
Although the experifnental design was counterbalanced, an additional

“analysis was conducted to verify that the overall group preference for the novel

v




Table 2 o

Familiarization.

Famil iarjization Condition

' : First 30sec-  * Last 30 sec
Rising-contour 213 86
Falling-contour 20.1 8.5

’ ' M - 20.7 8.5
//’.




- ANOVA with Familiarization Conditiog as the between-sub ject factor. Infants

-

_ to the falling-contour sequences (M= .46), E (1,22) = 469, p<.05. Thus, the

e,

contour was not artifactually due to a natural preference for the falling-contour
test pattern. The proportion of looking time spent attending to the Falling-
contour pattern (propg,) was comiputed as follows: propry = teg /( t},. + trig), Where

try Was the total time an infant fixated the display associated with the faning-“x "
contour sequer ., and t.; was the time the infant fixated the display assogiated

with the rising-contour sequence. The propg, data were subjected to a one-way

preferred the falling-contour test pattern éignif icantly more after having been

familiarized with the rising-contour sequences:(M = .61) than after being.exposed -

demonstrated preference for the novel-contour test pattern was not attributable

to a natural preference for the falling-contour test sequence.

The analysis so far examined infants' relative interest in the familiar- and
novel-category test patterns. It was also worthwhile to examine infants’ absolute
interest in each test pattern independent of their interest in the other pattern.

Therefore, additional analyses were conducted to compare infants who happened to

‘hgar' the familiar-contour sequence for their first look of the test with those who

happened to hear the novel-contour sequence.

The data from all sub jects who performed adequately until the end of the .
first test 100k were included in this comparison, i.e., data from 23‘ of the original
24 subjects!! plus data from an additional 10 subjects. The additional 10 subjects
were selected by a naive observer who viewed the videotapes of the first test

period and chose only babies who were calm and alert beyond the end of the first

test look. ' .
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A prelimlnary analysns determmeq if the first test pattern heard by an
lnfant (novel coﬁt0ur or the fammar-contour) inf luenced the likelihood that the
mfant would ;tz'éessfuny complete the test phase. Table 3 shows the relationship
between the first test pattern heard (novel vs. f ammar) and completmg the test.
A Chl square test revealed a significant relatlonshlp between the two variables,
(X2(1 N = 33) = 4.46, p<.05). Infants who first heard the novel- contour pattern
were more hkely to complete the test successfully than those who first heard the
familiar-contour test =b‘atterp. Infants who first sampled the familiar-contour test
sequence experienced more distress or diginterest, p?‘esumahly because they did
not percejve the continuing procedure as novel. o
A more direct measure of infants’ re‘lative' interest inthe two test patterns
was obtained. Rost—habituation recovery of interest was compared for the group
of infants who first sampled the same-contour test pattern and the group who
f l;rst sampled the novel-contour. pattern. A na‘ive observer reviewed the
videqtapés for the group of 33 infants who performed adequately until the end of ,
the drst test look. She scored the dur\'atipn of the last fanmiliarization fixation
and the duration of the first test Took. '
~ The data (Figure 7) were subjected toa2 X 2 ANOVA with Look (last
familiarization and first test) as a within-subject factor and with Test Pattern
(F amiliar-rco}tour and Novel-contour) as a between—subject variable. The anqusis
revealed a main effect of Look, E(1,31) = 7.42, p<.05, and ;\o significant
interaction. However, planned compah‘sons indicated that infants who first heard
qhe novel-contour pattern demonstrated post-habituation recovery of interest,
while infants who heard the familiar-contour pattefn did not. For infants who




i he Fi y

Test Session b ’
Complete Incomplete

Novel , o i
First Contour ' 16 3 , .
Test S ' ’ . ‘
Pattern o
Heard Familiar ‘ : \ '

Contour 7 R

\ " /




£
L4

» 4
)

S 'S (]
”~~ )
O
0 /
3 4 E 3
S
z\
x 3T
;..:
o
o
- 2 3 i
2
§ - 3
s 11
Q ,
Y
1 i
' y !
Last _First _
familiarizetion test S
. look - , 100k :

-

mmm=' Novel- Contour first-look infants
— " Familiar- Contour first-look infants

- !

M '
. .
. .
,
.

. Eigure 7. puration of the last femiliarization 100k and' the first

test'loqk.




o8

first sampled-the novel-contour test pattern, the first test 100k was significantly

- longer than the last familiarization iook, t(iB)-2.94, p<01, two-tailed. Iy

cqvtrast, for infants whq first sampled the familiar-contour test pattern, the
first test look did not differ significantly from the 1ast familiarization look, t(13)

=109, p>.05, two-tailed.

N

Discusssion o o Co
’_Study 2 established the suitability of a fixation preference technigue for
evaluating auditory categorization in infancy. Unlike' other methods, the
preference technique assesses categorlzatlon on the basis of a relative similarity
]udgéaent and the experimental design incorporates within-subject compamsons

In addition, categorization can be measured on the basis of an absolute similarity

* judgement by conducting a between-subject analysis of babies’ first test look

The technique differs from the renforced head-turning paradigm which is
bommonly use to study infant auditory categorization in an other important way
Babies in the head-turning procedure@re taught to attend to a perceptual property
that 1s invariant across stimulr and tg treét different stimult as similar. The '
procedure may actually train infants to categorize stimuli that they would not
naturally consider as equivalent (Aisiin et al, 1983). In contrast, infants in the
fixation procedures are simply presented stimuli that share invariant information

and are allowed to abstract that information on their own Thus, the fixation

_techmques may be better suited to evaluate infants’ natural tendencies to -

categorize certain stimuli.

More important than its methodological contribution, Study 2 establishea

that infants can categorize melodies as equivalent on the basis of contour




information. Both relatively and absolutely, infants were interested in a séquence

from a,novel category and were uninterested in a new 'sequence from a familiar

category. Hence, babies abstr;cted contour information across very‘ldistinct

patterns and then treated a marﬁedly Qif ferent same=c6ntour test pattern as -

equivalent on the basis of the invariant relational information that is more

» abstract than simple acoustic features. 1Y |

A,ccordi?g to the Pberatiopal definition used hgre, categorization requires
not only an equivalence response, but also a demonstration that category members
are disc:lifninable. Since infants can make fine frequency discriminations, they
probably discriminated among the considerably distinct patterns used in study 2.
: ‘However, elements of the procedure may have prevented discrimination.
Therefore, study 3 directly addressed this issue. Since little is known regarding
infants’ sensitivity to the wéve form of tones, study 3 also tested babies’ abi‘lylty

to discriminate between patterns on the basis of this dimension. \
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- Study 3
Discrimi;iating Cateéory Members

. Study 2 demonstrated that infants can treat sahe-‘-(:ontour sequences as

: equwalent even though their tones differ in frequency range and wave form. To
fulfm the operatlonal defimtion of categorization, however, the dlscrlmmabmty
of category members should be demonstrated, rather than assumed. If infants can
discriminate among the familiarization patterns, babies in étudy 2 would-have had
to abstract the contour information despite noticeable irrelevant-information. If
infants can discriminate betweeq the familiarization patterns and the samé*
contosr test pattern, then infants in study 2 treated the same-contour test
pattern as equivalent to the famiharization stimuli despi{e noticeable
differences |

Most often, evidence from other expgrimentS‘is not suff |cie;1{ to establish

the discriminability of category members. First, stimuli are often constructed
from combinations of features that vary across studies. Second, 5£scr1mmabxhty
should be established using a paradigm as similar as possible to the

‘categomzatlon paradigm (Olson & Sherman, 1983). Different paradigms make
different demands on infants, so babies might discriminate category members in
one situation, but not in another Moreover, the incentive for glscrlmlnapory
responses varies across techniques; for example, babies are more hkely to show
discrimination 1n a reinforced head-turning-procedure than in an habituation

procedure (Trehub, Schneider & Bull, 1981).
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Study 3 included three types of discrimination tests, The first part

determined if infants can discriminate between the familiarization patterns and

‘the same-contour test pattern of’'stuay 2 The second part tested if infants can

discriminate among the same-contour familiarization sequences of study 2 that
differed only in frequency range Finally, the third part tested for discrimination

among the familiarization patterns differing solely on the basis of the wave form

.

Discriminating Test and Familiarization Pat!

of the tones.

Purpose

Part | evaluated infants’ ability to discriminate between the
familiarization sequences and the same-contour test sequences of study 2.
Method, :

Subjects. Sixteen full-term babies (9 boys and 7 girls) participated as

e

subjects, they were between 44 and 48 weeks of age (mean age 46 weeks) Nine
additional infants were seen 1n the laboratory, but they did not provide data due
to distress (N = 3), technical and procedural difficulties (N = 4), and failure to
sample both test patterns (N = 2)

Apparatus. The equipment used ’was the same as for study |

2timuli. The stimuli consustqgff'of sequences previously used in study 2.

There was a pair of rising contour sequences (RyW, and R\Wy) and a pair of falling

contour sequences (F;W, and F,Ws) (see Figure 8) The sequences within a pair

differed both 1n the frequency range and in the wave form of their tones The

ambient sound pressure level in the room was 50-55 dBA All patterns were

g
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o

A

~ presented at mean peak fl réquenéies of 65 dBA at the location of the infant's
' head ’ | _

Procedure. Half the infants were required to discrir}linate between the pair
of rising-contour patterns and the other half between the pa!r of falling-contour
patterns. Otherwise, the procedure'was similar to that of study 2. During ‘
familiarization, fixation of either display resulted in the repeated presentation of
one sequence of a pair. Familiarization continued unti‘l one of two criteria were
met: Either the infant's total fixation time 1n a 30-sec period declined to S0% of
the fixation time during the first 30 sec, or 120 sec of familiarization had
elapsed. A maximum duration of familiarization was used because some infants
in study 2 did not reach the habituation criterion even when their distress
suggested disinterest in the stimuli  Limiting the famihiarization period was
expected to reduce the attrition rate.

buring the test phase, f 1xa\tnon of one of the displays was associated with
the presentatlon\of the famiharization pattern and fixation oflthe other display
resulted 1n the second pattern from the pair The test phase again consisted of
two 20-sec periods in which the left-right order of the test stimuli were

reversed
"\

E . : ,

The first dependent variable of interest was the total fixation'time during
- famiharization Asdne-way ANOVA with Familiarization Condition (rising-and
falling-contour) as a between-subject factor did not yield a sigmificant effect, E

o (1,14)= 56,05, Yk
<

i
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¥ An analysis was undertaken to determine if infants’ interest in the stimiuli
declined over the course of the familiarization phase (sge Table 4). The dependent \
variable of interest was amount of looking during 30-sec blocks. A fwo—way
ANOVA was éonducted with Block (the first 30 sec of familiarization and the last
30 sec) as a within-sub ject factor and Familiarization Condition (ri;ihg and
f ailing) as a between-subject variable; the analysis yielded a significant main
éffect of Block, E (1,22) = 27{.48, p<.05, but thé interaction was not signif icant,E
_(1,22) = .39, p>.05. As expected, the mean duration of looking across the
~familiarization grou;;s declined from the first to the last 30-sec block of
familiarization and similar patterns of looking were observed for both
" familiarization groups. - o
The measure of primary interest was the p'ro\portionfof time spent
fixating the display associated with the novel sequence (i.e., propygy= [ taey/ (toey*
“tram) ). The mean pr‘opnw. calculated across all subjects was .60, a preference
significantly greater than chance, t(15) = 2.5, p<.05, |-tailed. Moreover, t;le
mean prop,s, values did not differ for ti‘g\e falling- and'risir{g-contour groups,
E(1,14) = 16], p>.05 (.59 vs. .62).
' ‘ ) Part 2 | ' '

]
]

Burpose

Part 2 evaluated infants’ ability to discriminate between a fami"liarization ,(

sequences on the basis of frequency range. ‘

o
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Table 4 ) .

;
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Familiarization.

b

Familiarization Condition

First 30 sec Last 30 sec
Rising-contour « 214 5.0
.Falling-contour . 20.1 ' .39
—. ' ~ : ’
. M - . 207 a4
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Method B | e
Subjects. Sixteen full-term babies (7 boys and 9 girls) participated as
sub jects; they were between 44 and 48 weeks of age. (mean age: 46 weeks).

Seven additional infants were seen in the laboratory, but they did not provide data

"due to distress (N = 3), technical and procedural difficulties (N = 3), or a failure

to sample both test patterns (N = 1),
Apparatus. The equipment used was the same as for study 1.

Stimuli. The stimuli consisted of sequences previously used in study 2.
These were two rising contour sequence (RyW, and R W) and a pair of Talling

_ contour sequences (F,W, and F,W,] (see Flgure 9). The two sequences in each

palr differed anly in frequency range The amblent sound pressure level in the

room was 50-55 dBA. AH patterns were presented at mean peak frequencies of .

" 65 dBA at the location of the infant’s head.

Procedure. The procedure was identical to part‘ 1. Infants were requieed'to
discriminate between the tﬁo.riéing—contour; patterns or between two falling-
contour patterns. h

The first dependent variable of interest was the total fixation time during

|

familiarization. A one-way ANOVAI2 with Familiarization Pattern (rising and
falling-conitour) as a between-sub ject factor yielded no significant effects, f
(1,14) = 2.12, p>.05. \

An analysus was undertaken to determine |f~ infants’ lnterest in the stlmull

declined over the course of the famlliarlzatlo% phase (see Table S). The dependent

“variable of interest was amount of fooking during 30-sec blocks™ A “2x2 ANOVA
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was conducted with Block (the first 30 sec of familiarization and the 1ast 30
\sec) as a within-sub ject factor and Familiarization Conditiori_ (;'ising and falling)
asa betWeen-subjectgvariat?he. The analysis yielded a significant main effect of
Block, E (1,22) = 52.00, p<.05, and a signif icant interaction, E (1,22) = 20.55,
p<.05. The interaction effect results ft:om less looking in the falling-contour
group than tn the rising-contour group during the last 30 sec of familiarization.
Nevertheless, the mean duration of looking across the familiarization groups
declined from the first to the last 30-sec block of familiarization (20.8 vs. 42
sec).

The measure cf primary interest was the proportion of time spent fixating
the display associated with the novel sequence (i.e., propagy= [ they”/ (t,,w: tram) ] )-
' The mean PrOPpoy calculated across all sub Jects was .58, a preference
“significantly greater than chance, £(15) = 291 . P<.05, I-tailed. The mean propg.

~ values computed for the rising-contour condition (M =.61) and the falling-contour
' -condition (M = .54) did not differ significantly, E (1,14) 2. p .05,
. <~ -

, ‘ Part3.
i D. . - l. E .]. . I. E !I II B 'y [!! E «\

l

Burpose

Part .3 of the éxperiment tested if infants can discriminate between

— “familiarization sequences from study 2 that:differed only in the wave form of

their tones.’ . I

- -
Method .
© i
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Subjects. Thirty-twq fuli-term babies (16 boys and 16 girls) served as
s:ub jects; they were bétween 44 and 48 weeks of age (mean age: 46 weeks).
Twenty-one additional babies participated iﬁ the study but did not yield
satisfactory data because of distress (N=14) or technical and procedural
difficulties (N=7). \ .

| Apparatus, The equipment used was the same as for expéfiment 1.

Stimuli, The stimuli were previously uséd in study 2. There was a pair of
rjsiné-contour patterns (R,W,and R,W,) and apair of falling- contour patterns
(F,W, and F,W,) (see Figure 10). The two sequences in each pair differed in the
wave forrﬁ of their tones. The ambient sound pressure level in the room was 50-
55 dBA. All sequences were presented at mean peak frequencies of 65 dBA at the
location of the baby's head. '

Procedure. Part 3 of the experiment used a natural preference!s technique to
test if infants can discriminate between sequences that differed only in the wave
form of their tones. Infants recetved two natural preference test perlods, each
lasting 30 sec Ha'lf of the babies were exposed to the pair of rising-cohtour

patterns while the other half received the fallihg;contour sequences During the
tests, fixation of one of the displays resulted in the presentation of aW, sequence

while fixation of the other 'displaf/ resulted ina W, sequence To control for side

preferences, the W, Sequence\fj associated with the mght diplay for/er of the
"test'periods and with the left

Results
The dependent variable of interest was the proportion of time spent fixating
the display associated with the W, pattern, calculated as f ollows propy. =

play for the other test period

3

¥
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twz/(ty2 + tw1) where t,; was the total time an infa\r;t fixated the display
associated with the Wp pattern and t,,, was the time the infant fixated the

~ display associated with the W, pattern. Apreliminary examination of the &ata
‘revealed a significant difference, £(15,15) = 2 47, p< .10 in the variances behtween
conditions (rising- and falling-contour patterns), so the data were subjected to

an arcsin square root transformation A one-way ANOVA indicated no significant
effect due to contour The mean transformed prop,, data were virtually identical

afor the two contour groups (M pyging = .82, Mpaning = -85). Hence, the mean propys
value was calculated across all subjects, the obtained value (1=.83) was ’
significantly greater than the value expected by chance, .785, t(31)=2 71, p<.0S,
2-tailed. The results indicate that infants were able to discriminate between

same-contour famlligrlzation sequences from study 2 that differed only in wave

t

form.
Discussion

Study 3 demongtrated that infants can discriminate between the same-
contour familiarization patterns of study 2 either on the basis of frequency range
or wave foqr’g of the tonal components The findings suggest that infants in study
2 were indeed sensitive to these two distracting auditory dimensions and,
nevertheless, abstracted melodic contour information Study 3 also established
that babies can discriminate between the same-contour test pattern and at least
some of the famiharization pattgrns Therefore, the combined findings of studies
2 and 3 satisfy the criteria for demonstrating categorlzatwn.y That 1s, infants 1n
study 2 treated same-contour patterns as equivalent, even though the same-

contour patterns are discriminable from each other. N

P

Al
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General Discussion
In the research présented here, 10-month-old infants treated discriminable
aud'itory patterns equivalently on the basis of a common melodic contour. Thus,
even without training, infants can categorize very distinct nonspeech signals
’\/The findings highlight the significance of contour information for infants, babies
are not only sensitive to the contour of sound patterns, but spontaneously
organize auditory signals on the basis of this dimension.

The lmportgnt contribution of the studies 15 the demonstration that infants
can categorize nonspeech signals on the i)asrs of invariant information that 1s
more abstract than a simple acoustic feature. Instudy 2, test patterns and
famihiarization sequences with the same contour could only be equated on the
basis of relational information Infants must have prowessed the sequences

_globally to abstract the melodic contour, and must have fompared the sequences
at a level higher than that of tonal frequencies to recognize contour equivalence
Thus, preverbal infants can apparently access contour information in an
abstracted form that is analogous to a description of "incréasing" and
“decreasing” . ‘4
Imphcations for Future Studies on Speech Categorization

‘ " The present studies demonstrate that musical patterns can be categorized

on the‘bams of an abstract dimension (i e, contour)- that is also relevant in the

identification of speech signals The task requirements point to the role of a

sophisticated mechémsm for equating same-contour patterns, although the nature

of this mechanism remains unknown It could be argued that the melodic contour
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of the patterns mimicked the contour of speech so that special speech processing
mechanisms were “fooled” into operation (see Kuhl 1985, for a discussion).
However, such an arguement 1s rather weak, since the musical patterns used can

hardly be described as analogs of speech Hence, the findings implicate a

- relatively complex mechanism underlying the categorization of nonspeech signals,

a mechanism that probably originated to process a variety of auditory signals

rather than to process speech, per se. '
The evidence seems to indicate that objectives of studies on infant speech

. categorization should be refocused. Traditionally, researchers have been

concerned simply with demonstrating that infants can categorize signals that
share no known acoustic cues (1.e, on the basis of abstract information) (e.g,

Kuhl, 1980; Katz & Jusczyk, 1980). Such demonstratldns in infancy were taken as

_evidence of the existence of a special speech processing mechanism (see Fodor et

al., 1975) Future research must demonstrate which processes underlying speech
categorization are different from processes underlying similar types of
categorization of nonspeech stimuli Indeed, ca’tegorizétlon may 1nvolve some
processes common to all stimull as well as processes that are stimulus-specific.
: i _ i Cat i7at

The present studies only begin to address questions regarding infants’

abihty to categorize nonspeech signals It remains to be seen if infants can

categorize sounds on the basis of other dimensions or on the basis of

combinations of dimensions. Alsp, Studies on non-speech categorization may
expand our understanding of why certairi experimental situations lead to -

categorization behaviour in infants. Researchers have begun to study mechanisms

3

b 3} ” : 3
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underlying infant visual categorization in the light of adult models of category

formation (Olson & Sherman, 1983, Sherman, 1985), but substantial work remains

‘ . /t;be done. Moreover, processes underiying auditory categorization may not be

identical to those of visual categorization ,
( ~ Several important questions already arise regarding processes underlying
uditory categorization. 1t is worthwhile considering these in the context of the
‘ present studies

The first question concerns the nature of the information that is retained by
infants who are familiarized with several discriminable auditory stimuly that
possess some common properties. Inaccord with adult prototype theories of T .
categorization (Posner, 1969, Posner & Keele, 1968), infant vnsuarmtegorlzatlon

| * studies suggest that babies imtially retam both specific mforma%n n about
category members as well as a generalized representation of the category
However, member-specific information is 'forgotten more ramdly than category-
level information ( Bomba & Siqueland, 1983, Sherman, 1985)

It is not known if auditory categorization follows the same principles In
study 2, 1t 1sunclear to what extent infants retained information specific to
particular familiarization sequences (e g., frequency values) versus information,
about the category asawhole (e.g, contour information) Moreover, at least twfo
types of category-level information nfay have been retained Infants may have
retained a same-contour pattern with frequency range and wave form
characterisitcs that approach an average of all the familiarization stimuli
Alternatively, they may have retained contour information stored to specify

"increasing” and "decreasing” independent of frequency and waveform values
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The relative role of sequénce‘-specif ic'and category-level information could

be addressed with methods used to test “prototype” theories of categorization.

~ For example, let us assume that infants were familiarized with the set of risir{g-

contour patterns of study 2. If infants retain sequence-specific information,
they should subsequently prefer a novel rising-contour pattern (1e., one with a
new frequency range and wave form) over one of the familiar rising-contour
patterns. Alternativelil, if infants retain only a\ prototype, they should prefer a
rising contour test pattern that is distinct from the prototype over a rising-.
contour pattern that i1s similar to it Of course, infants may also retain the
contour information 1n a form 1ndependent of other auditory dimensions. If this
were so, ihey should not demonstrate a preference for some rising-contour
patterns over others, but should demonstrate a preference for a novel-contour
pattern over a rising-contour pattern.

A second question about infant auditory categorlzatlon regards.the relative
contribution of passive and active processes. That is, the question concerns
whether or not categorization responses in infancy involve any conscious
processes on the part of babies. The 1ssue 1s addressed by comparing the present

research with the work by Trehub and her colleagues on melodic contour Trehub

- et al. (1984) demonstrated that infants normally discriminate between a standard

pattern and a contour-preserving transformation that differs in absolute tonal
frequencies and frequency ratios However, if a distracting sequence 1s inserted
between repetitions of the experimental stimuli, infants do not discriminate
between the standard pattern and the transformation. The distracting sequénces

may prevent the en/codlng of absolute frequency and frequency ratio values of the
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standard melody&that isnecessary for discrimination. Hence, distinct same-
contourgpatterns were probably rer;géred non-discriminable by the disruption of
memory functions, a passive process

In study 2 of the present research, the evidence suggests that test patterns
and familiarization sequences with the same contour were treated equivalently.
Such behavior was interpreted as evidence of categorization. Whether or not the
~ processes underiying the “equivalence” responsé/ resembled those proposed to
operate in Trehub's study remains an empirical guestion. The sequential
presentation of distinct familiarization patterns may have prevented the encoding
qf frequency range and wave form information That 15, each sequence may have
| acted as a distracting pattern for the other patterns Hence, one explanation of
categorization behavior could involve the disruption of memory functions ‘

However, other processes may also have been operating 'For example, a
mechanism must be proposed to explain infants’ apparent abihity to extract an
abstract representation of a contour category by being exposed to several
members Moreover, babies who are exposed to a variable stimulus array such as
the famiharization stimuh of study 2, may activelymsearch for invariant
lnformatlon that facilitates the perceptual organization of the array and ignore-
varying information | M,

Currently, infant visual categorization 1S being compared to several adult
models of categorization (Strauss, 1979, Bomba & Siqueland 1983, Sherman
1985). :The results of infant studies are predicted by certain mode]s, but these

are complex and imply the role of active processes It i1snot clear, therefore, to

what extent the processes underlying infant studies merely mimic those proposed
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by the adult models. Hence, investigating the relative role of active and passive
processes in infant categorization is important.

Training procedures such as the one used by Kuhl might be most useful for
investigating infants’ use of active processes n catego_rization. For example, one
-could test 1f infants can change their focus of attention to different éspects of a
variable stimulus array (e.g., focus on a certain type of invariant information over
another, focus on the differentiating information rather than invariant
information) according to the reinforcement contingencies. The ability to shift

o ——

focus of attention would point towards the role of. conscious processing

strategies.

The eer‘mfhvij'\t::ndertaken here have established the suitability of a

novelty-preference fixation procedure for testing infants’ ability to categorize
auditory patterns Perhaps future research will determine that the technique is
also useful for conducting speech categorization studies

The present method is especially appealing for evaluating infants’ ability to
form categories without training. Non-training procedures seem more appropriate
for tapping natural tendencies that infants rr{xght have for organizing stimuli
along particular dimensions.

The present findings with 10-month-olds along with Colombo and Bundy's
(1983) success using a similar procedure with 4-month-old infants together
indicate that the-novelty-preference fixation technigue is effective across a wide

.age range. Thus, the method should permit a direct comparison of categorization

skills in infants of different ages Of course, the differences between the présent
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procedure and Colombo and Bundy’s should f irét be investigated. In particular,

the implications of presenting familiarization stimuli either contingently or
noncontingently upon visual \f ixation of the displays should be examined. The |
advantages of mgkmg stimulus presentation contingent upon visual fixation were
mentioned earher, but it remains to be seen whether young infants could adapt to .
this procedure. ) 4 ) -'

The method used here also en"fbles the stﬁdy of infant categorization both
on t(e basis of relative and absolute similarity judgments. Novelty-preference
scores were used as an indication ('?f categorization based on a relative
similarity judgment. That is, noveléy-preference scores were an indication of .
infants® interest in a new member of a familiar category inrelation to its
intgrest In @ member of a novel category Incontrast, the analysis of babies’
first-test look 1s ameasure of categorization based on an absolute similarity
judgment. First-look data assesses infants' interest in each test pattern reiat'ive
to the famiharization sequence, but independently of each other. The present ‘
research yielded concordant results using both types of measures suggesting that |
infants' disinterest in the new familiar-contour test pattern was not due solely
to the overwhelming interest in the novel-contour pattern
Clinical Rel .

As with most basic research, it i; difficult to predict how qstudles on
infant categorization might eventually have c)inical relevance Certainly, any
research that contributes to a better understa{nding of auditory perceptionand -
language skills in infancy may help in the development of assessment and

treatment tools for related disabilities. Furthermore, categorization paradigms

r
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.may be useful for assessing mentai abilities. There has been increasing interest
in the use of non-psychometric instruments to evaluate infants (see Bornstein,
1985). ﬁor example, infantg»' performance within habituation procedures have=
been shown to predict future scores on intelligence -teéts (e.Q., Bornstein & Ruddy,
1984; Lewis, éoldberg & Campbell, 1969; Miller, Spiri‘diridlzzi, Ryan, Calian &>

/ McLaughlin, 1980), and clinical populations perform differently from normal
infants in such paradigms (Barnet, Ohtrich & ShaLnks, 1971; Cohen, 1981). To
date, éuch measures_as rate of habituation, amount of. habituation, and

“ discriminatory skills have been of interest. It ispossible, however, that tests of

categorization will prove to be superior indicators of cognitive functioning early

in life. C

\0
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Footnotes ‘
I Categorization of voices on the basis of gender has also been Successfully
studied using Kuhl's training proceaure (Miller, Younger, & Morse 1982).
. 2 [t is worth recalling'that the working definition of categorization is
"treating discriminable stimuli equivalently.” Hence, if two stimuli are treated
equivalently because they cannot be distinguished (i.e., because they are

perceived as ldentlcal rather than similar), this would not constitute an 1nstance

- of categorization. ¢

3 |nfact, researchers have often preferred to study phonetic categories
. that have not as yet been defined in terms of stable acoustic propertieé
- Categorfzation of such stimuli is taken as an example of the more impressive
| ability to group speech éignals according to abstract properties rather than
simply on the basis of acoustic cueg ( Kuhl, 1983; Katz & Jusczyk, 1980).
L a Several experiments have shown categorical perception of non-speech .
stiln‘uli in infants (Jusczyk, Pisoni, Walley & Murlr‘ay, 1980; Jusczyk, Rosner, |
Cutting, Foard & Smith, 1977) but, as mentioned, it 1s questionable whether this
phenomenon should be considered categorization. ] ' .

5 After this research was undertaken, Colombo and Bund)A(1983) developed
aversion of @ similar paradigm that is approprlate fpr use with infants between

1 and 4 months of age. Their paradigm will be addressed more fully in the

discussion of this study L e

6 Fisher tests of the homogeneity of variance were conducted prior to

undertaking ANOVA's in studies 1,2, and 3. Unless otherwise noted, these tests

y ¥
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yielded insignificant findings (p>.10). Also, in each case, preliminary ANOVA's

were conducted wfth Sex as a between-subject factor Unless otherwise noted,

no sigmficant ef féh;s due to Sex or interactions with Sex were obtained Hence, '

the anaﬁyses were réi:bmputed without Sex as a factor and there computed

» analyses are reported here . ]

7 Since virtually all the prop,,, values were within the range of 20 to 80
for studies 1,2, and 3, it was not necessary to transform these values ‘

8 Both the absolute frequency values of the tones and the frequency raties
of successive tones were varied across sequences

s The wave form of a tone refers to the intensity weightings of the various

harmonics levels of the tone

10 |t 15 1mportant to distinguish between the terms frequency and pitch
Frequency refers to the repetition rate (1 e, the number of periods per second) of
the wave form of a sound In contrast, pitchis a subjective quality that cannot
be measured dlréctly. It 15 the attribute of auditory sensation that enables
sounds to be ordered on a musical scale (American Standards Association, 1960)
For pure tones, the pitch value corresponds to the frequency of the tones, but for
periodic complex tones, 1t generally corresponds to the fundamental frequency
For research with infants, the term frequency contour may be more appropriate
than pitch contour, because there 1s no evidence that babies perceive pitch (see
Bundy, Colombo & Singer, 1982) Hence, the term melodiC contour used here
refers to frequency contour rather than pitch contour The term melodic contour

is used rather than frequency contour, simply to indicate that the present



research concerns the frequency contour of melodies rather than other auditory

signals
Al The&zdata of one of the 24 original subjects could not be used since the

videotapes of this subject was accxdentlyf:rased - )

12 The or1ginal analysis that also included Sex as a between-subject factor
yielded an unexplainable significant interaction of Familiarization Condition X
Sex. ‘

) 13 A test for anatural, rather than a novelty, preference was used inpart 3
for the following reasons Previous studies indicated how difficult it 1s to
obtain acceptable data from an infant 1n two consecutive famitiarization.
procedures A shorter natural preference procedure was expected to bel less

taxing on infants Piloting suggested that bables na(ural ly prefer sequences
possessing the wave form with weightings on the mgher harmoriics (1., WQ)

Thus, the technique seemed approprlate to demonstrate discrimination of

sequences on the basis of wave form -
'4 Pearson product mement correlations were conducted to determine if

infants’ performance during the test phase was related to demographic variables.

b}

No significant results were obtained

o
)
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Appendix A L.

- McOill University
Psychology Department
, s
v CONSENT
| agree to allow my baby . tobe observed in the

study of infant perception at McOill’s Pwehology Department | understand

the following:

1)

; 2)

3)

4)

. 5)
6)

r))

The purpose of the study is tonﬁd out how babies learn about sounds.

Sounds and visual displays will be presented to my bsby.

My beby will be observed with a video camera throughout the proeedure .
The procedure has been designed with my baby's sefety in mind.

J veill hold my bal;y during the observation.
| can ask to stop the observation at any time.

The results of the experiment will be sent to me when they ere..

" available.

Signed:




c ‘ — ' . Appendix B
' Demographic Information

Subject#: " DatecfBirth:—_____  TodaySdete:—_____

The following infor mation would be helpfql to us for analysing the results of
our study. Your answers will be held in the strictest of copfidence.

1 1. At birth my baby's weight wes: !

length was:

| 2. Mybaby's dus date was:
3. Were thers gny complications in the delivery?l

If yes, plesse describe - (for example, did the mother have a Caesarian? etc.)

4. Does the baby have any brothers or sisters?
| brother/sistér  data of birth
1. ‘ : ) ,
2 . ’
3. .
5. Ageof Parents: Mother - ' ’

Father -

" 6. Perents’ occupstions: Mother -
Father -

G 1. Total number of yesrs of parents’ education: Mother -
Father -




\°

- 8. Aretherearny hesring problems in your extended family?

O . isowhetking ?
' 9. Has your tiably hadany hearing problems or infections? ________ Ifyes, |
how many? and when did they occur?

10. How is your baby's heaith today?
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> Appendix C

Demographic Information for Study 2'*

3 &4

Category Mean SD Minimum Maximum -

Birth weight (gm) 33141 4366 26365 40540
Length et Birth (cm) 516 28 483 564
Difference between due -6 1 10.8 . =24 10
date and date of birth(days)
Placement in family 15 0.7 1 3°
Age '

Mother 30.6 47 24 39 ’

Father 33.3 75 25 61

. Blishen and McRobpert's :

Socioeconomic ndex 53.8  16.6 27 75
Years of schooling-

Mother 157 3.4 1R 21

Father 150 . 3.5 11 - 21



