
• 

, . 

.. 

o 

o 

'. 
3 

, ., 

\ 

INFANTS' CATEGORIZATION OF 

MELODIC CONT-OUR 

- . -,.~- . .Mark B. Fer·land . ........ ~ ... -- '" 
1 

• t 
1 . , 

. A thesls submitted lo t~ Facuity of Graduate Studies and Research 

1n part1al fUlf111men~ of {he reQu1rements for the degree of " 
-
Doctor of Phi losophy 

-' 

Department of Psychology 

"OC McGtlI UniverSity 
1 

œF ebruary, 1987 
\' 

-
Montr-eat 

-, , -

---

• 



-- , 

PermiSsion has ,,J>een granted 
to the National Library of 
Canaâa to microfilm this 
thesis and to lend or sell 

. copies of the film. 

1( 

The author (copyright owner) 
has reserved- 'ot-her. 
publication rights, and 
neither thp thesis nor 
lext.ensi ve extracta from i t 

- .• ;rn~,pe. p!='inted ~or othezwise 
reproduéè'ël ·W':i:thout. l).j.s/qer 
wri bten permission. ' • ,'f"-" ,~ 

L'autorisation a été accordée 
à la Bibliothèque nationale 
du Canada de microf i lmer 
cette thèse et de ptêter ou 
de vendre des exemplaires du 
film. 

L'auteur (titulaire du droit 
d'auteur) se réserve les 
autres droits de publication: 
ni la thèse ni de longs 
extraits de celle-ci ne 
doivent être imprimés 0\.1 
autrement reprodui ta sans son 
autorisation écrite. 

1 S BN 0 - 315 - 3 8 263 - 5 

- , 
• 



o , 

• 

0\ 

o 

.. 

, 

Abstràct 

., Auditory categorlzaUon of nonspeech sequences was tnvestlgated . -. . 

1n 10-month-old bables-oslng a new paradlgm. Study 1 establtshed the 

usefulness of an operant-fixation pr~ference technique for assesslng 
- , 

~ditory discrimination. Infants sat facing two idenUcal vlsual dlsplays, 
~...'~~ \ 

ooe on .the rlght and the other on the left. F1xation of ~ display resu1ted 

. in the presentation of a sound pattern from a loudspeaker 10cated behind 
J , ' 

that dlsplay. During a fam111arizatlon phase, fjxati.~n of e1ther display 

resulte,d 1n the same sequence; a pattern that alternated between two 

tones of a dlfferent frequency for half the infants and a pattern 
\ 

consisting of repetitjo~s of a single tone for the other half. During a 

test, fixation of one display resulted in the altematlng pattern whl1e 

fixation of the other display resulted in th~ cbnstant pattern. As 

expected, fnfants preferred to look at the d}splay assoc1ated wlth the 

novel pattern thereby indlcating discrimination of the two patterns. 

Study 2 used the procedure to test categorization of tonal patterns on the 

basls of melodic contour. Half of the infants were famUiarlzed with a 
-

set of r1sing-contour patterns that dlffered in frequency range and wave 
, 

form of their tones and the other haIt were fam111arized with a simf'lar 

sèt of falling-contoure patterns. During a test, Infants could l1sten to two· 

new patterns; on~ had a rising contour and the other had a fall ing conto.ur. 
<-

Infants preferred the pattern w1th a novel contour, presumably because' 

the faml1iar-contour pattern was perceived as one more instance of the 
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categdry of famt1,tartzatton sttmu1f. To vertfy that :tnfants 1~ study 2 
: . 

were performfng on the basts of f~tegortzatlon, study 3 demonstrated 
r 

that fnfantS" could dtscr1minate between at least 'sorne of the sarrie-'( . . 
, p , 

cOhtQur sequences of.study 2. It was argued that the operant-f1xatlon 
1 

preference par1dlgm offer,s certatn advantages for future research on 

audttory categorlzat10n ?tnd the aval1abl~ ri1denc~ on categor1,zation w~s 
f" 

dlscussed ln relation to speech categorlzatl0n. 
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. Sommaire 

Cette recherche cQncerna l'étude de.la catégorisation auditive chez les 

nourrissons agés de dix mois (fans le co~te~te d'une nouvene méthodologie. là) 

première étude a étabH l'ut111té de la procédure ·operant-fixation pre~rêJrCe"<>­

technique· dans l"évaluat10n de la discrimination auditive. les nourrissons 

furent assis en face de deux montages vlsuel~ identiques, l'un à gauche et l'autre 

à drplte. Lorsque les bébés fixerent un montage, un son fut émit d'un haut-
'f 

parleur situé derrière ce montage. Au cours de la pénode de familiarisation, la 
o , 

fixation de J'un ou J'~utre des montages résulta à rémission du r1!ême son. La 

monté des enfants entendirent une séquence consistant de répét j ~Ions d'un son 

d'une seule fréquence alors que l'autre moi tié entendirent une séquence 

consistant de sons altemants entre deux 'fréquences. Au cours d'un éssai 
13 

SUbséquent, la séquence alternante fut présentée lorsque les nourrissons 
o 

fixèrent J'un des montages alors que la séquence constante fut présentée lorsque 

les nourrissons fixèrent l'autre montage. Tel que prévu, les bébés préférèrent 

fixer le montage associé à'la séquence Qu'i ls n'avalent pas entendue auparav~nt. 

, la deuxième étude utlli~a la technique pour déterminer si les nourrissons 
~ , . . ( 

peuvent catégoriser des séquences auditives à partir de leur ,contours 

~êl0dlqUes.· la moit~ des bébés furent familiarisés avec un ensemble de 

séquences à contours levant&,qui se dlstingalent à base de leur étendue de Il 

fréquences et formes d'on'des. l'autre moitié de~ébés furent familiarisés avec 

un ensemble de séquences similaires à contoul7S tombants. Plus tard, pendant 

une épreuve 6 les bébés purent écouter deux nouve Iles séquences; une à contour ,c' 
1 

levant et J'autre à c~ntour tombant. Les nourrissons préférèrent la séquence' 

ayant le contour nouveau, probab!ement par ce Que 1a séQuen'ce ayant le cootour 
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noweau, probablement par ce que la séquence ayant le contour fam11ter fut 
, • l 

, ,\ 

percue simplement comme un autre exemplaire de la catégorie des Séquences 

avec laquelle les bébés ava1ent déja été famt11ar1sés. Af1n ~e sat1sfa1re une, 

condition addltioneHe à la ëJémonstrattôn de catégor1satlon, l~ troisième étude , , .~ L--.j 
démontra Que les bébés pouvaient distinguer entre, au mo1ns, quelque un~s des 

séQuen~s de la deuX,lème étude partageant le meme c~ntour. On discuta des 

résù1tats en rélaUon à ta rec~érche contemporaine Sll' la catégor1sat1on du; 

langage et puis, l'on proposa Que la prOCédure ·operant-f1xaUon preference 

technlQuf aura de l'utl11té pour de futures études sur la catégorisation aud1t1ve. 
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Developmental psychologists have re~ent1y tumed their attention towards 
-

categorizati~n behavior in tnfancy. Categorizatjon ts central to the development 

, of flexible, économical information processtng; it 1s involved ln object 
/ 

identification and reco~n1tion and in the assimilation and organization of new 
\. ~ 

, know1edge (Bornstein, 1964; Bruner, Goodnow St Austin, ~ 956). Rudimentary 

categorization ski l1s likely develop at an early age; otherwise the diversity of -
1 the environment would b~ overwhelming (Bruner et aL, 1967).' 

Infant categorization refers to babies' ability to respond equivalently to -

disèriminable stimuli on the basis of shared ~roperties. Typically, stùdies on 
, ' 

infant categorizat ion consist of the following: After exposure to several 
.. '" . 

discrimjnabl~ stimu1,i that share common properties, babies tend to treat as 
. ~ , 

familiar a novel stimul4s that possesses the sam~ common propert,ies. F{)r . , . , 

example, Fagan (1979) famiHarized infants with severa1 photographs of male 

faces. SUbsequently, tnf~nts reacted to a new male face as fami1tar whtle they 

reacted to a feniale 'face as novel. 

For the most part, categorizat ion behavior has been demonstrated w.tth 
. -

visua1 stimuli (see Harris, 1983 for a review).· Moreovef, investigators have 

begun to study·both the developmental course of visua1 categorizati~~ abntties 

duri~~,he first y~ar of life'(see 'Y~unger & Cohen, 1985~ as w~lJ as the proc,esses' 

under1~ng çategorization skills (Bomba & Siqueland, 1963; Sherman, 1965; 
• - f 

'. Str.auss, 1979). In contrast, there has been little research has been conducted on 
• f"'''''' • 

the categorization of audi~ory stimuli, and v1.rtual1y al1 of the studies have dealt . 

with speech signa1s (see Astin, Pisonj. St Jusczyk, 1983 for a revlew): Therefore, 

j 

, ' 

1 

" 
" 
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there ts 11ttle information about inf~nts' auditory categorizatlon and its 
-

, ~elatlonshtP to speech categorization. TO.begln to fi11 t~iS. ~ap, thls tt~s 

l'resents a new methodology for studying lOfant categorlZatl0n and 

.: categorization of mustcal patterns. 

This chapter presents a general introduction that first explores a working 

definition ~f fnfant .categorization. Next, the relatio~shjp between 

. categorization and a r~lated pt\enomenon, perceptual constancy, 15 discussed. 

Then, various methods for studying infant categorization aré examined. Ffnally, . . 
the chapter concludes with a review of the literature on infant auditory 

, -
categorization, including work w1th speech and nonspeech signaIs. 

~ 

Qefining Infant Categorfzation 

Categorization Is the ability to treat discrfminable stimuli as eQuivalent 

(Mervls & Roseh, 1981). It is a skill that is normally associated-with adults or 
. 

chfldren, but not with infants. Indeed, categortzation was traditionally believed 

to be very dtfftcult for children younger than 5 to 7 years of age lsee Gelman, 
. . 

1918). However, even presehool children can categorize if the téstlng situation 

is appropriately adapted for youngsters (e.g., Markman, 1976; Rose~, Meryis & 
,. . 

Gray, 1976 ). Moreover, t'esearehers have reeently developednew methods that 
-{i:1 

seem to tap categorlzatton ski11s in Infants (Asl in et aL, 1983; Harrts, 1983; . " 

Oison & Sherman, 1983). <6-

Thus,'categortzation abtlities.apparently extend over a wide age Tange 

begtnntng early in I1fe. However, sinee testing procedures necessarily vary 

across a~e, tt ts not elear that category formation reflects ,simi lar cognitive 

processes across the life span~ Consequently, the terin categorizatton that ts 
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applied to infants may not be related to the same term found ln the tradlt10nal 

literature, on cognition. 

Researchers have begun to speculate about the'procftsses underlylng infant -

categor1zation. ,Hypotheses vary considerably. Mervis and Rosch (1981) , 

described infant categorfzation in terms of Flavell and Wel1man's (1976) (lotion 

of "basiè pro cess: The term implies that I~fant categorization, unlike adult 

'categorization, is an automatic, unconscious process. Similarly, Glbson (1979) 

bel1eved that infants' detection of invariant (te., common) Inf~rmation acr~s~ , 

stimuli do es not involve an intellectual act of forming an abstract concept. He 

"beHeved that the perceptual system simply extracts the invariant information- -

from the Howing stimulus array. 

ln contras t, som~ authors have argued that infant categorization requires 
, , . 

abstraction (see Harris, 1983), or the intellectual act of forming a mental 

representatjX)n from a-collection,of physical ob'jects. In~ellect~al abstraction, is 

implicated by'evidence that infant and adult categorization share certain 

processes. Adults calculate an averÇtge representation or prototype of the 

mémbers of a category (Posner, 1969; Posner & Keele, 1968; Goldman & Homa, 

1977). ~imilarly, infants appa~ently remember not only stimulus values that are 

actually present ln all-category members but rather, a prototype that does not 
, 

, \ 

necessarily correspond directly to any previously experienced stimulus 
, 

Prototypes may ~orrespond to the mean vafue of the dime,nsion (Strauss, 1979). 

'or the moda 1 vil lue (see Sherman, 1985). . , 

For example, Strauss (1979) famil iarized IO-month-olds with faces that 

djffered, along various dimensions such as the length of the nose and the distance 

y 
\ 

... 
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. between the eyes. Durtng a subsequent test,' infants treated a face containing . , 

the average value along the dime~sions as trI0re famlliar thall a face ~ontaining 

valües that -had actually been presented more freQuently than the ~average. 

Stmilarly, Bomba and Siqueland (1983) expose<Î'3-month-old babi~s to varlous 

. ~~stortions of a prototyp1cal geometric form. Subsequèntly, the newly presented 

prototypical form was perceived as more familiar than a previously presented _ 

distortion. 

Although such experiments suggest that infants sometime~ rètain an 
, 

abstract represeniat ion of category members, they do not demonstrate that 
t. 

conscious intellectual processes underlie infant categorization. Instead, the 

prototype effecf may reflect constraints operating on unconscious perceptual 

and memory functions Further research is required to establish the role of 

active processes in prototype extraction. 
e 

ClearJy, 1t is dlfficult to define infant categorization. either on the basis of 

underlylng processes or ln relation to adult categorization. However, studies on 

infant categorizatlon have severaJ common characteristics that suggest an 
r 

operatlonal definitlOn of the term. Babies are usually exposed to a series of 

sttmu.1i that are simi Jar aJong at least one -dimension, but dlffer aJong at least 

one other dimension For example, infants mlght be famlliarized with several , 

. s,timull ( e.g., red square, red triangle, ~nd r~d circle) from the category of red ;, 

geometric forms. Next, categqrtzat ion is tested by determining if babies respond 
\ 

to a new member of the fami J lar category (e.g, a red ellipse) simi larly to the 

way they responded to the famiHarization stimuli but respond to a member of a . ...,. 
novel category (e.g., a bJue ellipse~ differentJy. 



o 

o 

5 

Within this parad1gm, it 1s essential to demonstrate that the category 
..-

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

identica1. Category members must be discriminable for infants within the 

testing situation (OIson & Sherman; 1983), and not Sjm~ly ~i~crlmlnable ,for 

adults or distinguishable on the basis of a scale of measurement. W1th1n-. . 
category discriminability h~s not always been verified in ~tudjes on infant 

-::. 

categprization (e.g., Cornell, 1-974; Kuhl, 1980,1983) perhaps beca~se 

researchers have a~sumed that ca~egory members are distlnguishable. However, 

jt ls' safer to actually test for w1thin-category discrimination, especlally ln a 
, 

. néw paradigm or if there 15 limited information about the stimulus dimensions 

being used. 

Based on the operatlOnal defmition, Infant categorlzatlOn here refers to 
, , 

, the following set of behavlOrs. 1) After exposure to multiple stlmuH with 

common properties, infants' treat a novel stimulus possessing the propertles as 
"-

familiar, 2) babies discrimmate among the stimul i sharmg the common 

properties. A behavioral defmltion IS adopted because of our Ilmlted 

understanding of the processes underlying infant categorization, especially 

" infant auditory categorlzatlOn HoY(ever, such a positIon is not meant to lm-ply 

that underlying processes are irrelevant; mdeed, issues regardin'g processes 

w il J be addressed throughout the text. , 

ln addition, to the necessary criteria for demonstrating mfaf.lt 

categorization, other condlt,ions are also deslrabJe. Both mvariant 'eatures and . 

diff~rentiattng features (i.e., features that vary across category members) 

should be "S~ecifie~ (Oison & Sherman, 1983) Otherwise, it Is dlfflcult to know 

. -
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the basis for category, format ion. Indeed, studies 1n which invariant features 

cannot be specified may 9verestimate infants' categorizat10n abl1ittes. For . 
exa~ple, Cohen and Strauss (1979) habituated infants to photographs of several 

female faces and f~ .that infants did n~t dishabituate to a new female ~ace. 

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 b"y 

the faces were not measured, 50 jt cannot be determin~d whether' babies' 

abstracted a category for female faëes or abstracted a simple attribute shared", 

by the photographs. 

Speclfying relevant features maS' help elucidate the various factors that 

In(luence Infant categorization. Infants ty~'cally demonstrate categorization 
: -,.t 

\ 

behavior after being exposed to a stimulus set that possesses invariant features. 

However, the probability of categorization 15 not similar for 'ail stimulus sets; 

rather, categorization 15 infJuenced both by the nature of the perceiver and by 

'the context (Mervis & Rosch, 1981; Rosch, 1978). Thus, the probability of 

çategorizatlon 1S Încreased if the Invariant property is inherently salient and 
. . 

easily encodable, If within-category discrlmmability is reduced, or if between-

category discriminability is enhanced. Consequently, the mere presence of an 

Invariant property 1s not sufficient for eliciting categorization For example, 4-

'tnonth-ol~ infants categorlzed speech signaIs on the basis of vowel identlty 

despite the presence of distracting pitch-contour Information, but did not 
, , . 

, categorize th,e signais .on the basis of ,pitch contour in the context of varying 

vowel identit.y (Kuhl & Miller, 1982). However. different results rhight have been 

, ' 

, , 
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obtafned wtth more salient variation ln pttch contour or w1th other chal'}ges to 

the stimuli. 

ln sumr::nary, Infant categorizatlon was de~tned ln terms of infants' behavlor 

. because of our Iimlted understanding of underlying processes. Also, the use of 
J 

specifiable invariant and differentiating features was recommended to facilitate 

the understanding of babies' behavior. In the ne)(t section, categorlzation and a 

related phênomenon, perceptual constancy, are'compared. Although 

categorization and perceptual constancy have traditionally been treated as 

distinct, justifications are given for considering auditory perceptual constancy 
t ... 

in infancy as an e)(ample of infant auditory categorization.­

Perceptual Constancy and Categorization 

. Categorization, the abil ity to treat discriminable stimuli as eQu,ivalent" 
, . 

. often involves grouping dist inct ob jects on the basis of common properttes . 
. 

Pérceptual const~ncy refers to instances in ~hfch the visual perception of an 

object remains unchanged over tra'nsformations in rotation, in distance from the 

observer, or in color (Glbson, 1969) Nonetheless, perceptual constancy, which 

typically concem~ a single obJect and only certain types of invarIant and 

-differentiating information, has been viewed as an instance of categorlzation. 

(see Bruner, Goodnow, Austin, 1'956; see Bornsteln 1984) ln objec.t constancy 

Qver rotation in space, for example, different perspectives of an object can be 

considered discriminabl.e eVents that are members of a particular type of 
Co 

category called the ob ject. 

Infants apparently e)(hibit perceptual constancyof objects at an early age 

(see Bornstein 1984; Harris 1983), and discussions of infant cate.gorizatlon have 

... -

j 
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. referred to research on infant perceptual constancy lBomba, 1984; Bomstein, 

" 1964). Whether,or not perceptual con~tancy and categorizat1on across.objects in 

infancy fnvolve partial1y or entfrely distinct processes remalns unknowf). 

\ ln the 'audilory modaHty, some experimenters have also ~escrfbed 

equivalence-making skills in Infancy as perceptua~ constaOGy (Endman, 1 ~85; 

. Kuhl, 1980). Certain changes across auditory signaIs (e.g., variations in the' 
, .. ..,--

Intonation contour of a voweJ) were se en as analogous to obj~ct . 
transformatfons, 50 equating the stimuli was taken as an instance of perceptual 

,constancy (Kuhl, 1980). However, slnce the notion of an -audit6ry objece is 
-

. ambiguous, ther-e appear to be, no true distinguishing factors between . 
studles on auditory perceptual constancy and studies on auditory categorization 

, .. - ~ 

Hence, in the present paper, studies on auditory perceptual constancyare . 
, , 

revte:-ved and they are treated simply as research on auditory categorization. 

Methods"for Stud)Ïiog Categorization 
, . 

50 far, the discussion has foçysed on simiJarities across ~tudies of infant 
. . . , 

, categorization. However, exp~riments in this field have used a variety of 

different methods. The fol1owing r,e'view examines techniques that have' been 

used to Invest1gate categ9rlzatlon mafnly of audftory sfgnals, but also of vfsual· 

,', signaIs w~en 11 15 relevant to the res~arch reported here., . 

To d~monstrate categorfzation, infants must respond differentially to 

category and noncategory members. Identification procedures would be ideal; if 
, . 

they dld not require infants to ~earn the difflcult ta~k- of performing two distinct 

responses (Fodor, ~arret & Bri11, j 975; see Kuhl, 1983, for a discussion). r 
Typtcally, experimenters have studied infa!lt categorization with discrimination 

, " 

" • 
• 
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\ 

" 

", 

, , 

/ 



\ ' 

'1 0 

o ·1 

.. 

9 
" , 

. . 
, paradigms that fa111nto two m~ln classés: re1nforced training techniques and 

" . 
hab ftuat ton-di shabltuat ion procedures. 

Training procedures. Vlsually relnforced head-turnlng techn1ques (Suzuk1 

, & Ogiba, 1961) have been used extensively to investigate speech categortzation 
"-

(Fodor, Garrett & Bri11, 1975; Hi11enbrand 1983; Holmberg, Morgan & Kuhl, 1977; 
~ -, ' . , 

.Katz & Juscylk, 1980; Kuhl, 1979,1983). Their, bastc premtse lS that babie~ wHI· 

learn a behavior to see and hear the activation of a mechanical toy or a.slml1ar 

display. ' 

Fodor, Garrett, and Brill (1975) lnvestigated speech categorization ln 4-

, month-old infants using a left-right réinforced head-tuming procedure .. Half the 
, ' 

babfes were tested for thefr-'abilfty to group syl1ables that shared phonettc 

, , 'information (same-phone syllables), while the other half were tested for thetr 
, , 

. -abillty to grouR syl1ables that possessed a common acoustic toe (same-acoustic 

.r ,cûe sYlJables). Babies sat ... facing two loudspeakers, one o.n the Jeft and one on the 

rlght. Speech tokens from both categories of syllables were presented 
-

aJtematively from one or the other of the -loudspeakers. A visual relnforcer was 
- , 

activated at the 50,und source after each presentation of same-phone syllables 

for one group, and after each occurrenèe of same-acoustic c~e syllables for the 

other.· Mt1Cipato~ orienting to the visua~ rejnforcer was ~aken às a measur~ of 

. infantS' abil1ty to categorize speech tokens. Although pbonetlc-grouplhg bables 

de~onstrated better an!icip~~OTY orfenttng, ~1 Infants pèrformed poorly, 

perhaps because Infants were too young to be trained in the procedure, or perhap~ 

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

- 1 

" 

, ' 

\ - , 
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Kuhl (1979) developed a more commonly used training method.' It combines . " 

visual1y-retnforced head-turning wtth a transfer of learning"format., Infants are 
, , 

(exposed to a repeattng sign~l through a laterally posltloned speaker. If they 
" . 

orient to the speaker when the signa, changes, a mechanical toy ts activated. In . . -
'-. the first phase of training, infants are presented a baçkground signal that 

, 

. consists of repet1tions of one token of a parUcular category Ce.g., IbU) and they 

must orient when the background changes to repet.nions of a token of another , . 
category (e.g., IdU). In the next phase, the background signal consists of 

\ -
';. repeUtions of tokens that~belong to the orfginal training category but that differ . \ ~ 

along one-or mor~ irreleyant dimensions (e.g., Ibol, Ibil, !ba/, which are 
• 1 , , 

fi' members of the category of syH,ables begfnning with the phoneme Ibl that differ 

ln vowel context). Infants must ignoré ~hges within the background category, 

~ but must stm orient to tokens from the second category. 

u , 

o 
". 

Thus, recognition of a new category member js lndjcated by an orjenttng 

response, whtle recognition of a rnember of the famjJjar category is indicated' by 
. 

wltholding the ortenting response. The number of orienttng responses 1'5 

compared for test trials, in whj~h the stjm~1i change, a"f ~esignated control 

. trials, in which they do not. 

KuhJ's procedure has proven"useful for studying speech categorizat,ion. It.s 

- prlmary advantage over other technfques fs ~hat infants do not habituate over . , 
many trials because of the vfsual relnforcer, so many ~ata points can be obtained 

from each fnfant. Thus, ft 15 possible to examine indlvidual as weil as -group 

data. ' 

-r 

) 
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The procedure, however, has some drawbacks for studytng audttory 

categorl~atjon. First, il 1~ diff1cult to obt~n a relfable head-turn1ng response . 

wtth infants younger than 5 or 6 mooths old (Moore, Wilson & Thompson, 1977). 
G • , . -

Second, the met~od is actual1y a trainlngprocedure, inasmuch as the 

reinforcement contingenctes specify the ru1es of categorizatlon. Thus.1t 

provides inf~rmation-malnly about infants' abt1lty to learn speech categortes and --I)ot necessarily about the dimensions along which infants most natural1y 
, 

categorize auditory sjgnals~ 
- . '" 

Habituation-dishabituatlo~ procedures. Auditory categorlz,tto~ has also 

been studied wtth the htgh amplitude sucking (HAS) and operant 'fIxation - .) 

technÎqués .. An infant is first'habltuated to a set of stimuli that share at least 

one common property defintng the category. The infant is then presented a new 

stimulus from the famillar category or a stimulus from a novel category. 
6 

~Evjdence for ~ategorization ts pro\'ided by generali'Zed habituation to the new, 

-,familiar.-category stimulus coupled with recovery from habituation to the nove1-
4 ) 

category stimulus. The discriminabi1ity of category members is tested by 

habttuating babies to a si~gle member of the famtllar category and 

demonstrating récovery to other members of the category. 
- \ 

The invariant dimensions of the habituation stimulf specity ,the category, 

and infants presumably notice the common propertie5 and habitua~ to the --
category as a who!e. Members of the same ~ategory are treated slmtlarly ln the 

Jollowlng sen~e: Just as there ts lIttleJnterest in the catego,.y members at the 

end of the habituation phase. there 15 1 ittle tntèrest in a new member of the 

• 
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same category durtng the pO$t-habituatton test phase. In contrast, infants are 

e)(pected ta show reco~ry of interèst to a member of a nove 1 category. , , 

The HAS tecrnJrle (SiQueland & DeLueia, 1969) has been used to investi~~te , . , 

categorization in very young infants (e.g., Juscyzk & D,errah,1 983;- kuhl & Miller, 

1982). The infant learns that sucking strongly on a plastic nipple (i.e., high 

amplitude sucks) results ~n the prlsentation of an auditory stimulus. At first, 
, 

the rate of htgh amplltude sueking inereases as the infant learns the .. 
, , 

conttngency, but then deereases o~er tirn~ as the novelty of the stimulus' ' 
() 

decJj~es. Changing the aüditory stimulus results in a~ increased rate of sueking," 
~ 

provided that the baby notlc~s tlfe 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 receive a noveT member of the 

famlHar category, and the other half receive a member of a new category. 
'. Infants who receive the novel-category stimulus are expected to ~how an 

increase in their sucking rate, while those who recelve with the famillar­

category sfimulus are not. 
. 

Although the HAS technlQue",is effective, it reQuires rather elaborate 

equipment to monitor the response. Moreover, the procedure can be difficult to' . 
implement; baseHne rates of sucking must be within a certain range to ensu~e 

that the infant's sucking can both increase as the tontingency is leamed and 

decrea~e as the novelty of the stimuli declines. Perhaps a more important '" 

drawback is that the procedure i5 only effective with pacifier-accommodating 

infants. thus excludjr~g most 'babies older than 4 months of age. ., . ' 

M 

.' 
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Th~ operant fixation habituation-dishabituation technique (Boyd, 1 ~75), 
, , 

which has been used for sorne time to assess infants' auditory dtscrimlnation, 

~as only recently been used thxamine c'ategorization (Miller, 1983; Washburn, 

1964). An infant can learn t'hat fixattng a visual display results in the 

presentatjon of a sound. Furthermore, fixation of- the visual display initially 

. increases as the infant learns the contingency, but eventually decreases as/the 
, , 

novelty of the sound decl1nes. Changing the audltory signâl results in a recovery' 

of looking, provided that the baby notices the change. 

M111er (1983) used this technique to study categorizatlon of voices on the 

basls of gender by 2-anq 6-month-old infants. During a fami1iarization p~a~e" 

fixation of a display resulted in a seQuen,ce of six male votees or a sequence of 
1 

six female vOice&.--During a·test phase;"'infants received either a set of new 
{ . 

. tokens of the famlliar category, a set of tokens of a novel category! or, the set of 

fami liarizat ion st imuH. Six-month-olds provjded evidence of categorizat ion: 

They did not show recovery for new tokens of the familiar-category, but did f{)r 

t~kens of a novel category.1 Two~month-oldS~ in contrast, sho~ed recqvery for 

new tokens of the familiar category and for tokens of a novel category, 
<> 

indicating discrimination but not categorizatlon of the stimuli. 

Mi11er's study, along with a procedurally similar study by Washburn (1984), 

\ establfshed the effectiven~ss of operant fixation techniques to test 

o~ , 
~ . 

/ 

; \ ...categorizat5"' The operànt fixation procèdure off ers a ~umber' of advantages. It 

requires only simple apparatus to measure the response, ànd there is no need to 
~ . 
establish stringen,t baseline data. Moreover, categorization behaviour ts 

• 

r 
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, 
evaluated without trai_ning. Finally, unlike the HAS and reinforced head-turning . " 

techniques, it can be used over a wide ag,e range.' 
• 1 

Nove1ty-oreference paradigm. The novelty-prefèrence technique has been 

used extensively to study infant vis~al categorizatlon, 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., a series OrmaIe . -
1 

faces) during a familiarization phase. Subsequently, two stimuli are presented . . -
in a pr~ference test: a new fami1iar-category stimulus (e.g., a new male face) 

and a n?vel-category stimulus (e.g., a female face). Infants are expected to loo~ 
-

at the novel-categ6ry,stimulus more than at the new, familiar-category 

stimulus. To control for side preferences, each test stimulus can lJe presented , 

to the chfld's left for half the tesrand to the right for the other /'!tilf. 
t, 

, 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). 1 t has also been used to study 

cat~gorjzation of geometric forms on the basis of Shape (Bomba & SiQueland, 
1 

1983) and orientation (Bomba, 1984). Finally, the method has been usèd to test 
~ . 

different models of how infants form a mental representation of a category 
., ~ . 

(Bomba & Siqueland, 1983; Sherman, 1985; Strauss, 1979). 

Habituation-dishabituatiort techniques and novelty-pr~ference techniques 

have been thoroughly compared as tests of infant discrimination (Cohen & Gelber; 

1975} ln contrast, comparisons of the procedure for categorization re'search 

• h~~e generally focused on siml1arities of the techniques (Bomba and SiQueland, 

t 983; OIson & Sherman, 1983; Sherman, 1985). Categorization is indicated 

' .. 
,,!' 

_____________________________________ m ____________ ~ __ ~ _~ __ 
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, . 
simllarly in both procedures. Infants presumably lose interest fn the category . 

rnembers during famlliar,ization and continue'to lack interest when a new 
_ J 

member of the famiHar category is presented. 
, . 

Desplte these similaritles, there are import,?tnt diffttrence~ between the , 

methodologies. Ouring the test phase of habituation-dishabituation paràdi.gms, 

stimuli of familiar and novel categories are generally presented to dffferent 

groups of babies, Hence, the infant .must make an ~bsolute 'Comparison of the -test item and the'faml1iarization stimuli, This is analogous to asktng an adult if 

a single item does or does not belong to a prevlously experlenced set. The 

~xperimenter then compares the absolute simllarity Judge""!ents of babies 

presented a famlliar-category stImulus with those presented a novel-categctry 

stimulus, ln noveltx-preference techniques, by contrast, both test stimuli are ' 

pr"esented simultaneously, so the baby must make a' relative slmilarity 

comparison. This is analogous to ask lng an adult which of two items least 
1 

beJongs to a previously presented set. 

'\ The dIstinction bet;ween procedu~es can als~:'be exempÜfied by the . 
discrepant findings one mlght obtain wlth each procedure. Infants in both groups .. 

. of a between-subject procedure may dlshabltuate to test stlmu1t, but mfants in 

a paired-comp,arison para~igm might nonetheless show a preference for one of 

them. Hence, categorlzatl0n abil1tles r:night be corsldered absent 10 the 
-

between-sub ject procedure, but present in.the paired-comparison method. 

To summarize, a number of paradigms have been used to study 

categorization, each havHig its strengths and weaknesses. Differences 'in the 

phenomena tapped by, for example, training and non-training procedures, or by 

, ' , i , ' 
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wtth1n-subject and be·twee'n-:subjecl: designs, remain unclear., Future research 

ustng the variety of"avaHable techniques may eJucidate these differences. 
, 

Infant Categorization of Audnory Signais 

This section reviews ,studies of fnfant audftory categortzatton. It examines 
e, 

the work on perceptual constancy, the se~rch for natural ca~egories along which 

babies partition speeCh, and final1y, the categorization of non-speech signaIs. 

W1th two exceptions (Endman~ 1985; Washburn, 1984), a11 studies on fnfant 

auditory categorfzatton have used speech sounds (see AsUn et al., 1983), not 

simply because ,they are ecolog;cally relevant, but "'also because of theoretical 

issues jn the language development llterature. Earlyon, investigators notedJhe 

considerable acoustfc variability among the exemplars of particular phonetic 

categorieS". They sought ~o identify the invariant acoustic cues that specify such 

categories. Failing ta do so, researchers suggested that specia1fzed speech­

proce~sing mechanisms must underlle the comprehension of speech (L1berman, 
'g 

Cooper, Shankwefler & Studd~rt-Kennedy, 1967). Accordingly, experiments on 

. \ 'infant categorization were undertaken to dèmonstrate that infants process 

speech s.ignals differently from other auditory stimuli (AsHn et aL, 1983). Two 

general types of categorization studies were conducted, each concerning 

"different kinds of acoustic variatlon that are encountered across the speech 

tokens within c~mmon lingUlstic categories (Mi11er & Elmas, 1983). 

The tirst type of acoustic variation reflects variable production of a 

p~rticular segment in a glven 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 variation has 

". 
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. 
been st~die,d in the context of experlments on ·categorical perception- (for a 

revlew 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 

categorj~ation used here, namely that category members tie discriminab,le. 

Researchers have not firmly established t~t the grouping of stimuli in studies 

of categorical perception 1s not simply due to infants' lnabiHty to discrlrl)lnate 
, . 

wlthin-category stimuJj2 (Miller & 'Eimas, 1983). 
1 . 

The second source of acousttc variation specified by MUler and Elmas 

(1983) arises from changing the speaker, the speech rate, the Intonation contour., 

the phonetic context, and the 1ike., Categorization in the c'ontext of such 

variation has been investigated using acoustic tokens that have either been 

shown to be dtscriminable or are aco~stically'so different that th~y are 

presumed discriminable~ Hen~, this body of research 15 relevant to-the present 

studies. Sorne studies searched for llnguistlc categories along which infants 

organize speech. Other research, on auditory perceptual èonstancy, concerned . 

infants' ability to equate acoustically distinct speech tokens beJonging to,the 

same phonetlc category. 

The search for naturaJ lmgulstlc categories DeveJopmentaJ research has 

concemed itself with the way infants mternally represent speech sounds, that 

. 1s, investlgators have sought the perceptuaJ cat&gorles that bables may use tp 

divide the speech stream (Aslm et al ,1983) Som~ have suggested that bat/ies 

group speech signais lOto categories accordtng to phonemes (Fodor, Garett & 

Bri1l, ,1915; Holmberg, Morgan & KUhl, 1977, JusczykJ~ Derrah, 1983; Katz & 

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

.. - --
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phonetic level, at the level of phonetfc features-CHillenbrand, 1983) Ce.g., infants , 

m1ght group the phonemes Iml and Inl sinee they'share a nasal feature) . . 
,As mentioned above, Fodor, Garrett and Brill (1975) used an antic1patory 

headturn response to examine 4-month-old babies' abj)jty to form syllable 

groupings on the basis of phohetic and acoustic identlty. The stimulus items 

consisted of different syllables, some, of which were from the same phonetic 

category <e.g., Ipal a~d Ipi!) wh11e others were from, different phonetic 

categories (e.g.~ Ip'il and Ika!) that shared an important acoustic feature (Le., 

ftequency of the burst). Infants performed better for phonetic than acoustic 

groupings, suggesting that babies represent speech in terms of phonetic 

categories. However, the satlsfactory levels of, anticipatory behaviour were 

generally low, so the results should be jnterpre~ed cautlOusly. 

Holmberg, Morgan, and KuhIJ(1977) investigated phonetlc categorization .in 
, 

6-month-olds using Kuh l's head-turning procedure. Bables discriminated the 

~ fricative contrasts" If Ivs.le/and Islvs.l 1 / when vowe 1 çontext (e.g , Ifa/, Ifil, 

Iful) and utterance position Ifal, laf 1 were varied randomly. Hence, infants 

'were,a~le to categorize consonants desplte the presence of dlstractmg 
\ 1 ~ ) 

information 

Katz and Jusczyk (1980) tested'if 6-month-olds can categorize the stop 

consonants [b) and [dl across two and four different vowel contexts (e.g., Ibil, 

Ibol, Ibe/, IbaO more easily than for an arbitrary grouptng of the same stimuli 
/ 

Ce.g., with two vowel contexts), infants performed above chance for a phonetic 

groupjng of the syllables, but not for a nonphonetic grouptn~~ which supports the 

phonetic categorization hypo~hesis. However, there was no evidence of phonetic 

. , 
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categorization when four vowel contexts were used. 'Thus. infants' ability to 

. categorize phonetical1y may be lmilted, or lnfan~s may have been taxed by the 

demands of the heàdturning paradlgm, or both. 

Jusczyk andDerrah (1983) used the HAS procedure to investlgate phonet!c 

categoflzat ion in 4-month-olds Based on studies of visua1. categorlzation 
• i 

(Bornstein, Kessen & Weiskopf. 1976, Coh~n & Strauss, 1979), they hypothes'j~ed 

that familiarization to dlfferenf mstances of a part lcular phonet IC category 

would result ln less respondmg to a new mstance of the same category than to a 

new mstance of a different cate.gory. Usmg the HAS procedure, infants were 

flrst presented wlth a serIes of syllables Ibl/, Ibo/, /ba/. /bel durmg a preshift 
[ . 

phase and were that presented the same senes plus /bul (1.e, a new Instance of 

,a fami11ar category) or Idul (Le, a stimulus From a new phohetlc category). 

Infants in the two post-shi ft groups did not differ slgnlflcantly, so the results 

failed to. support a pnonetlc categorizatlOn hypothesls 

Some>investlgators'have hypotheslzed that mfants categorlze speech at the 

l~vel of phonetlc features Hll1enbrand (1983) tested Infants' ablllty to respond 

to syllable groupmgs orgamzed on the basls of plos Ive (lbl, Idl and Igl) versus 

nasal (lml, Inl and I~!) features of the lnltlal consonants Infants were 

lmtlally tramed to dlscrlmmate a change From stop consonant to a nasal 

consonant (e g, Ibal vs./ma/) Subsequent Iy, bables malntamed thlS 
~ 

dlscrlmlnat JOn, even though other consonants were added to the categories (e g, 

Ida/ and /gal vs Inal and I~!) Although these results suggest that mfants can 

categortze speech tokens on the baS1S of phonetlc features, bables' performance 

.' 
,...1 ________ ~_~ _0. _ _~ < ~ 
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could'have been based on the presence of a saHent acousUc correlate, such as 
1 

nasal resonance, rather than on an abstract phonetlc feature CAslin et aL 1983) . . 
Auditory perceptual ~onstancy. Sorne of the work on speec~ categorization 

has been conceptuallzed in\terms of auditory perceptual constancy (Kuhl, 1.979, 

1980,1983; Kuhl & Miller, .1982), Kuhl argued that much like the perceptual 

constancy of an object across transformations in space, the pérception 9f â 

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 v'isual modality, Kuhl suggested thatphonemes can be considered 

àuditory ~b jects, since they are eventually defined by sets of abstract 

prototypical acoustic eues (Kuhl, 1980,1983). 

Kuhl's experiments concerned babies' abi11ty to form auditory equivalence 

cl~sses despite irrelevant variations in eithe~ pitch or speaker's voic~'. The u 

- method,combines a visually reinforced head-turning proced~re and a transfer of 

learning paradigm Infants are initially trained to dlscriminate between two 

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

are tested for transfer of trammg ta novel, discriminably different instances of 
, 

the same phonetlc categories. 

Kuhl ( 1 979) mvestigated 6-month-old infants' discrimination of two 

vowel categories, lai and Iii, when stimuU were varled across two irrelevant 

dimensions, pltch contour (rising and fal,Jing) and talker identity (male, female, 

and childr Ba~ies mamtained the dlscrlmmation between the la/ and Iii tokens 

despite variation across either dimensIOn, WhlCh was taken as evidence of 

infants' abil ity for perceptual constancy of vowels. 

f 
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Stm,l1ar studies with 6-month-olds demonstrated perceptual constancy of 

consonants (/sI vs. III and If 1 vs. 1.1) (Hi11enbrand, 1983; Kuhl, 1980) and of 

ottler vowels (laI, I~!) (Kuhl, 1983) ~cross variations in speaker identity. Using 

the HAS procedure, Kuhl and Mi 11er (1982) also demonstrate perceptual constancy 
~ \, . 

of-vowels (laI, IiI) in l-to 4-month-old infants. 'Thus infants have quite a broad 

capacity for perceptual constancy of speech signaIs, a capacity that Is at least 

partly developed soon aner birth. 

To surrlmarize, the research conceptualized in terms of perceptual 
\ 

éonstancy suggests that young i~fants can group speech tokens according to 

phonetic categories despite variations in pitch and speakers. The'search for 
. 

innate ccftegories along which infants partition-speech has been less fruitful. 

Results suggest categorizaUon at the phonetic (Fodor, Garrett & Brin, 1975; 

, Holmberg, Morgan & Kuhl, 1977; Katz & Jusckyk, 1980) and sUb-phonetic Jevels 

(Hi11enbrand, 1983). However, conclusions are difficult to draw because positive 

. evidence was partial in certain cjrcumst.anc~s (e.g., Katz & Jusczyk, 1980) and 

subject to alternative interpretatfons in other instances (e.g., Hi11enbrand, 

1983) 
, \1-

ln general. a number'of factors make,the interpretation of speech 
, ' 

categorization reséarch dlffieul( Among the factors is the freQuent inability to 

define the invariant acoustlc informatIOn that underlies mfants' categorizationJ 
-

Typieal1y. It is sirnply assumed that a phonetle category IS, as yet, deflned by an 

unknown set of abstract conflguratlonal propert les (see Kuhl, 1980). Sinee the 

basis for categorizatlon is unknown, it 15 difficult to draw conclusions. For, 

example, categorlzatlOn studies have sought to compare infants' abi1ity to group 
Q 
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sp~ech signaIs according to l1nguistic versus acousUc dimensions (e.g., Fodor et: 
, . 

, a1., 1975). However, it fs doubtful whether superior linguistic cate.gorizatl0n in 

a partfcular study could ever be taken as ~vidence of a g~neral phenomenon. The 

e)(perimental stimuli may simply. incorporate ri cher information for l1ngulstic 
~ " , 

categorization than acoustic categorizatior~. Hence, specification of the 

information underlying linguistic categorization i5 required. 

CategorizaUon of Non-speech AUdifl'y SignaIs 

Only' two studtes have demonstrated true categorization of non-speech 

signaIs by infants.1l Washburn (1984) e)(amined the d~ve~ent of infants' ~ 

abl1ity to perce ive 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 C' • .) and 1-2 patterns C. • .)J, each 

with severa1 exemplars that differed in tempo. During the habituation phase, 
'- ' , , 

infants in a category condition. received either three sequences of thé 2-1 

category or three sequef)ces of the 1-2' category, while infants in a control 
1 

condition recejved just one 1-2 or one 2-1 pattern, Dur~ng a test phase, a11 

infants were presented four sequences: the fami1iar rhythm at a famniar tempo . ' 

(a fami1iar category member), the familiar rhythm at a novel tempo (a novel . 
. instance of the famillar category), a novel rhythm with a famHiar tempo, and 

\ finally, a novel rhythl)1 with a novel tempo. 

At bath ages, babies, in the control condition dishabituated to a change in 

rhythm or ta a change in tempo, there~y tndicating their sensitivity to both these 

auditory dimensions. In the category condition, 7-month-:- olds showed the 

'. expe~ted pattern of re~u1ts. They did not show-recovery to a new member of the 

• 
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, fami1iàr category Ca familiar rhythm wtth a novel tempo), but dld recover to a 

mèmber of a novel category (i.e.~ a new rhythm). In eontrast, 4-month-old 

infants showed recovery not only to an instance of a novel eategory, but also to a 

novel member of the famj11ar eategor:y. Thus, bfth groups ~iseriminated rhythm 

and tempo information, but only the older group categ9rized the sequences on the 

basis of rhythm. 
,~ Endman (1985), using Kuhl's ( 1979) proceudure, investigated perceptual 

con~tancy of two harmonie structures ln 7- and' 8-month-old babies. In the 

training phase, babt.s were taught the harmonie structure, eontrast. 

Subsequently, infants Were tested for théir ability to maintaln the harmonie 

structure discrimination across variation along one of three dimensions: 

intenslty, duration, or fundamental frequeney. A fourth condition was Included 
, .-

to rul~ out the possibililty that infants performed simply by memorlzing whlch 

. exemplars belonged to a particuJar harmonie structure category. This condition 
. , ~ '" 

tested habies' abiHty to form arbitrary grouplngs trom exemplars that d1d not a1l 
, 1 

share the same ha'!Jl0nic strycture .• ,., 
'\ . . 

Infants were able to eategorjz~ signais aecording to harmonie structures, . '\ ... " \ 

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

be categorized on the basis of a~itrary grouplngs. In a second study, E~dman. 

demon~trated that babies were also able to maÎntain intensity, duration, and 

fundamental frequericy discriminatinns across variations in harmonie structure. 

The 'dearth of research on the categorization of nonspeech signais 1s 
~. . , 

surprising. Such studjes could examine the processes ûnderlylng early audltory 
/ 

eategortzation. Moreover, ~nvestigations of nonspeech çategorlz~tlon might also 

'. 

\ 
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, . 
elucidate findings for the language dev~lopment literature. Thu~, several studies 

~ ~ - ... w - 1 

" ..vere undèrtaken here to e)(amine babfes' abtlity to categorlze audit~ry , 

sequences. 

QutUne of Thes1s J 

The studles used synthetfc nonspeech tonal sequences, which enabled the 
- " / 

specificatiOn of differentiating and Invariant information across category . ' 

'members. At the same time the stimuli were selected t,o resemble those used 

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

studies typicaJ1y require infants fo categorlze stimuli that do not sh~re any 
" . 

simple invariant acoustic cues. Simnarly, the present research.,toncemed 

infants' abiHty to equate sequences that do not share any simple aèoustic 

~'" jnfo~atlon, but rather share a more abstract characteristic, frequency'contour 
, ' . , 

(e.g., a 100Hz tone foHowed by a 150 Hz tone represents a rising frequency 

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

. frequency-of ·thè\lones, but possesa,ed simJlar freQuency relationships between 

ton es. For e)(amp le, the sequencEts 1 00 Hz-l 50 f:lz and 2000Hz-J500 Hz have the 
. . 

same rising contour., Thêy share relationa~ information rather than any speclfic 

acou~Hc information. Thus, category formation on the'basis of frequency 

çontour ts a 'more ~bstract form 'of categorization than categorjzat~on on the ' . , 

_ basls of a single acoustiç eue. The abstraction of frequency contour requires an 
, 

appreciation of the complete pattern over time, and equating patterns on the 
. .' 

basls of contour information cannot b~ done simply by matching tonal freQuency 

v.alùes in two patterns. 

\ 
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Study l, descrjbed tn the followtng section, evaluated the suttabl1tty of a 

new technjQue for examinfng audttory functions in fnfancy. In studjes 2 and 3, , 

the method was an effective' non-training procedure to demonstrate audttory 

categ'orfzaUon tn 10-month-old hables. In partfcular, the stUdj~S tested babj.es· 

abiHty to categorize audttory patterns on the basis of melodlc contour. 

~ . 

Il 
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. Study'l 

• 4 

A New Method for Evaluating Auditory Discr.imination 

To measure infant auditory' disc~imination, an operant-fixation technique 

/ was combine,d with a novelty-preference test'similar to that used in studies of 

infant vision.! Operant fixation procedures in between-s~b ject designs are 

effective for assessing auditory discriminatiol) in 3- to 7- month-olds (Demany, 

\ . 

o 

, ' 

1982; Demany & Armand, 1984; Demany, Goodman & Haith, 1982; Demany, 
~ 

McKenzie, & Vurpi 110t, 1977; Washburn & Cohen, 1984). Babies are presented à --- ~ ~ 

sjngl~ visual target, a~d sound is presented contingent on fixation of the target. 0 

l' , 

Alfinfants are typicaJJy h.abituated to the same stimulus, and, after habituation, , 

, different groups of infants receive different test stimuli. Conclusions are based 

on between-group differences in infants' responses to the test sounds. 

Bundy and Columbo (1981) conductedVthe only study of infant auditron using 

an operant-fixation preference technique. They tested ~-month-old infants for' a 

natural preferençe between two sounds, white noise and a female voice. Infants . 
were seated facing two identical1it patterns. Fixat.i,9n of one display resulted in 

. " 

the 1)resentation of a female vOice, while fixation of the other display resulted in 

white noise. Half the infants received a 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 fixatlon preference procedure can measure auditory selectivity for 
1 

- strikingly dîfferent ~RUnds in young infants. The present study extended Bundy 

..... 
, \ 
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. -

and Columbo's (1981) findings ln the fOllowing--ways: First. the procedure was . 
adopted to te~t auditory discrimiriation rather than natural preferences; the new , 
procedure incorporated both a familiarization phase and two test periods similar 

to those in visual novelty-preference studies. Second. the procedu're was used to 

test a finer auditory disêrimination than that tested by Bundy and Colombo . . . , 

Finally. the present study evaluate~.the effectlvenes of the technique with infants 

as old as t 1 months of age. 

The uti1ity of the procedure was tested with a frequency discrimination, 

since it is weil established that babies are sensitive to frequency information. 

Young infants discriminate freQuency changes in pure tones. viz .• 200 Hz vs. 500 Hz 

(Wormith. Pankhurst & Moffil: 1975)-and 1100 Hz vs. 1900 Hz (Berg, 1972; Leavitt, 

Brown, Morse & Grah~m, 1976) .. Indeed, frequency difference limens in 5- to 8-
-

month-old infants are almost as smal1 as adu1.t values (Olsho, Sçhoon, Sakai, 

Turpin & Sperduto, 1982b). Moreover, bab.ies are sensitive to frequency 

<. information in patterns. They can discriminate between auditory sequences that 

either differ in the freQuency values of their tones (e:g., Chang ~ Trehub, 1~77a; 

Kinney & Kagan, 1976) or differ _ in the order of their tonal. components (e.g., 

DemanYJ 1982; McCall & Melson, 1970; Melson & McCall, 1970). 

The present study tested babies' discriminatIon of two sequences. One 

pattern consisted of an identical repeabng tone; 'the oth~r pattern alternated 4 . . 
between two ton~s that dif~ered in fre.Quency. ',nfants were first fami Ilarized 

with one of the sequenèes and then tested for a preference between the two 

patterns. It Was expecte.d that fOll~Wing famil:iarizatiO"1, infaF:lts would prefer the 
, 

novel test pattern. 

, 
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Method 

Subjects 

Twenty-four full-term infants (13 males and Il females) served as 
o t· 

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 1,1stS. The letter was 

, followed up wlth a phone cali. Eleven additional infants were se en in the 

laboràtof-y, but they did not provide data due to distress (n ... 6), proceduralor 

equipment problems (n • 4), or becau~e they did not sufficientJy sampJe both test 

stimuli (n" 1). .. ~ 

'Apoaratus. 

The eQuipment included a camera (Panasonic WV-1350A) with an infra-red 
, 

Jens ( Canon TV Zoom Jens), two loudspeakers (Boston Acoustic 1\40), two ' 

tapedecks (Hitachi D-Ell t onë stereo amplifier (Hitachi HA-2800), a 

vjdeO~'aperecorder (sony-m~tic AV-3650), a teJev~sion monitor (Sony CVM-131), a 

p,ocket computer (Radio Shack TRS-800), a Tandy-headphone 'radio, and a 

sychronizer. Two adjacent rooms were used: the infants were tesled 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 two visual dispJays mounted 42.5 

cm apart from centre to centre on a table 73.5 cm from the grounq. Each visua{ 

display was a lit hexagonal form with a perimeter of15.3 cm, cons.~r'Ucted by . . 
Inserting transparent plastic mark ers into a pegboard pl,aced in fr:ont of a ~5-watt 
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figure 1 Schemat 1e j J1ustr6t1 on of the test chcmber. 
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white bulb. Infants faced both dlsplays at a distance of approxlmately 6S cm. 

Behind the displays was a large, dark blue scree~ àt the top of which were 

mounted two red lamps that dimly lit 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 sere en were two loudspeakers, one 

located behind each display. 

Control room. A videorecorder in the operator's room displayed the image of 

the Infant's faëë on a television monitor. A pocket computer mounted ln a wooden 

frame was used to record the infant's total flxation times during successive 10-

sec periods of observation (see Haith & Bertent,hal, 1979 for a discussion of this 

technique). Two Plexiglas levers, were fixed to the wooden frame and extended 

over the keyboard of the computer. Depressing a lever simultaneously closed 

switches controlling both a timer in the computer and the loudspeaker-tape deck 

circuit. One lever activated the Jert loudspeaker, while the other activated the 
1 

right speaker. The synchronizer monitored the output of the tape decks vIa the 

headphone jacks. The synchronlzer prevented a clJcking sound assoclated with the .. 

sudden onset or offset qf an auditory signal: If one of the levers was depressed 

during a signal, the presentation of the sequence was delayed unti1 à silent 

Interval was encountered ln the pattern; similarly, if a lever was released during a 

signal, the cessatIon of sound was delayed untlJ a sUent interval. An additional 

swltch controlled the illumination of the visual dlsplays and two other sWltches 

__ determfned which of the two tape decks supphed sound to a particu1ar speaker. 
<> ' , 

\ 

, 
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Stimul1 J .) 

The stfmull were synthesized digitallron a POP-Il /34'computer, uslng,the 

Mitsyn software package (Henke, 1975). Stimuli were output on 'two channels of 

the computer's digital to analog converter and recorded on 4-track, 2-channel 
, 

aUdiotapes (Real istic, Hi-Bias) with an Hitachi D-E Il tape deck. 

Two auditory paHerns were used (see Figure 2). Each consisted of a series 

of 200-msec pure tones with 20:-msec exponential1y ramped rise and fall tlmes. , 

A1I inter-tone intervals were 200 msec. In one pattern, aJ} the tones were 1100 

Hz (constant pattern). In the other pattern, the tones alternated between 1100 and 
" 

1900 H~ (alte~nating pattern). The two frequencies were chosen because they are 

~iscrimlrlabl~ by infants (Berg, 1972; Leavitt, Brown, Morse & Graham, 1976), The 

ambient sound pressure level in the room was 50 -55 dBA. Ali patterns were 
"-

presented at mean peak intensities'of 65 dBA, as measured at the posItion of the 
- , 

infant's head. 

The auditory patterns were recorded on one channel of the aUdiotapes, while 

a sequence of lOO-Hz pure, tones was recorded on the other channel to control the 

functionmg of the synchronizer. The lOO-Hz pure tones began 10 msec befÔre, and 
-

ended 10 msec aftet, each 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 Appendlx A). Next, one of the parènts was seated in front of the 

displays and instructed to hold the Chlld on his/her lap wlthout nindering the 

infant"s head movements and without talk ing To reduce the like 1 ihood that the 
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'" ' 



·0 

JJ 

parent would influence .the child's behavior. he/she was asked to wear a bllndfold,' \ 
, 

and the pu~pose of the study was not revealed until testing was completed 
, 

The infant faced the two ldent lcal visual displays, one on the left and one. on 

t,e right. An observer, unaware of the experlmental C,ondit i~ns, monitorèd the 

infants visual activlty on the video monitor. The observer lt'stened to music 

through headphones WhlCh prevented her from hearmg the experimental stimuli . 
and ensured that she remained nalve to the expenmental conditions Whenever 

.' the,_baby fixated one of displays, the observer pressed the lever that presented a 

sound pattern through the speaker behind that display An assistant controlled the 

lighting of the visual displays, the synchronlzer, and two relays that determined 

which of the two tape decks suppl1ed sound to each of the loudspeakers. 

The procedure lncluded a fam.i llanzat Ion and a test phase The 

famflfanzatlOn phase began when the observer slgnalled the assistant to 

111ummate theylsual dlsplays. Ouring familianzatlOn, flxatlOn of elther dlsplay 

resulted ln the presentatIOn of one~of the repeating seQuences, the constant 

pattern for half the mfants and the alternat mg pattern for the other half Woen 

the, p~ttern had been presented for a cumulat1Ve penod of 60 sec, the computer 

emltted a 3.2-sec tone that indlcated the end of famll18nzatlOn. Durmg this 

interval, the assIstant slgnalled the observer not to judge the mfsnt's fixatIons 

and,made the necessary adjustmeFtts in.the audiO eqUlpment to start the test 

phase._ 

The 4Q-sec test was dlvlded lOto two 20-sec pertods The first test perlod 

began when the signal tone stopped, at which time the assIstant slgnalJed the 
\ 

observer to resume judglng fixatIOns At the end of the first test period, the 3,2- \ 

) 
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sec tone was emjtted agajn, during which time adjustments were ma,de to, the 

\ eQuipment. The second test period followed. 

Durtng one of the test periods, fixation of tRe right display resulted in the 
Il 

famillar pattern, whereas fixatIon of the left display resulted in the novel pattern. 

For the other test perlod, the left-right position of the sequences was reversed. 

Hence, the familiar pattern was presented on the left·for half the test phase and , . 

on the rlght for the other half, with the order of familiar-left and faml1iar-right 

counterbalanced across subjects. 

After the test, the observer, who was still naive to the experimental 
\ 

condItIOns, determined If the infant had been sufficiently calm and alert to 

provide scorable data. ,Next, the fixation data were retrieved from the computer's 

memory and considered acceptable If the chl1d sampled each test pattern for at 

least 1 5 sec durmg the test. Finally, parents were asked for some demographic 

information concerning themselves and their chlld (Appendix B) and they were 

inf ormed regardmg the purpose of the study. 

'Yi 
Results 

An initial analysis tested if infants in the tw~ famlliarization groups 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 famillarlZatlOn crlterlOn. A one­

way analysls of varlance (ANOVA) was conducted wlth FamiliarlzatlOn Pattern 

(constant and alternating). as a betwe~n-subJect factor.6 Although mfants who 

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

-; 
" 

m 

\ 

(' 
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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 sighiflcantly, E (1, 22) -2.90, p>.05. . , 

, An anal'ysis was undertaken to determine if infants' interest in the stimuli 

declined over the course of the familiarization phase (see Table n The ~ependant 

variable of interest was amount of looking A 2 x 2 ANOVA was conducted w' 

Block (the first 30 sec of fami1jarization and the last 30 sec) as a within-subjec 

factor and with Familiarization Pattern (alternating and constant) as a between-
, , 

/. 

aubject variable. The analysis yielded a slgnificant main ,effect for Block, 'E (1,22) ~~ 

- 9.35, p<.05, but the interaction was not Sjgnific'a~t, E (.~ ,22) • -.14, p>.05. Hence, ) 

the mean duration of looking decllned from the first to the last 30-sec block 0 

similarly for both familiarization groups. J 
The primary analysis determined if, as expected, infants fixated the display 

associated wlth the novel pattern more than they fixated the display associated . 
wlth the famil iar pattern Tht: dependent variable of mterest was the proport Ion 

or" time spent flxatmg the dlsplay assoclated wlth the novel pattern (proPnOY)' It 

was calculated as propnoV= [ tnovl (tnov + tram) ] where tnov was the total time an 

infant flxated the dlSP lay assoclated with the novel sequence and tram was the 
, \ 

total Ume the mfant flxated the dlsplay assoclated wlth the famlllar sequence 7 

The mean proPnoy value was calculated across al ~ subJects and compared to 

'.50, the proport Ion expected by chance The obtamed value, 61, was slgnlflcantly 

·greater than 50,1( 23) = 3.67, p < .05, l-tal1ed Thus. bables flxated the dlsplay . ' 

associated with the !l0vel sequenc~ more than the dlsplay associated wlth the 

familiar pattern. 
, t 

.1 
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Table 1 
l " 

The.ReJaUooshlo Between the Eam1JJarl~atlon pattern Récelved 

and the Amount of LoOk1ng' purlng the Etrst and Last 30 sec of " 
, , 

FamiJ1acfzation .. 

Faml11aclzation 
Pattern 

L, Constant 

Altemattng . 

'tt 

" 

" 
" 

" 

Flcst 30 sec 

20.6 

23.,1 
-' 

", ,-
~ " 

21.9 

. ' 
• 

Last 30 sec 

~.6 

r 2.8 ,. ,1 

\" . 
" -'.\ 3.2. 

\ 

, 

'. 
, . 

.( 

, . ' 

l, _ 

. f 

.0 • , 

, ' 
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. Although thé experim~ntal design was counterbalanced, an an~lysts was . 
,conductèd to verify that the preference for the novel sequence was Ilot 

artifactually due to a natural preférence for one of the patterns. The proPnov data 

were subjected to a one-waY' ANOVA with Famifiarizatlon ~attern (alternattng 

and constant) as the between-subject factor. The analysis ytelded a marginally , ' . 

significant effect of familiarizat ion pattern, ~ 0.22)· 3.41, p< .08. Infants in . -
the constant-pattern group lookes..at the display associated wtth the novel pattern 

, 

more than .infants in the alternatlng-pattern group (.66 vs .. 56). Thal' ts. babtes 

loaked som~what more at the disPl~y associated with the novel pattern if it w~ 
alternating rather than constant. 

. . 
An additional analysis was necessary to ensure that the preference for the 
"Il • .._ 

, 
1 

novel test pattetn across conditions w~s not'attribùtable solely to infants' natural 

preferences. The proportion of looking time attending to the altemating pattern 
, 

(proPall) wa~ comput~d as fol1ows: p'roPall = tall/(tall +tcon ), ~here t.lt was th~, total 

time an infant fixated the display associated with the alternaùng pattern, anq tcon 
, 

was the total time an infant fixated the ~isplay as'Sociated with the constant 

pattern. A one:~ay ~OVA with Familariza~ion Pattern (alternating and 

constant) as a between-subject factor yielded a significant resuJt, E-( 1,22) • 5.53, 

pf.05.' Infants fi~atea the display associated with the alternating pattern 

significantly more dùrmg the test when they had been familiarized with the 

consta-nt'pattern than when t~ey had received the alternating pattern (,60 vs .. 44) . 

. That is, infants' preference for the noveJ test pattern was not attrj~utable to a 

natural preferencé t'or the altemating pattern .. 
, . , 

, , - ~ ..... 
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Discussion :. 

J8 

5tbdy 1 estabHshed the utlHtyof a novelty-preference fixation procedure 
, ' . 

, for testing infant audltory discrimjnation., Moreover, the experiment demonstrated 
, , 

.' that an infant-control1~d preference teçhntQue'is suftable for testing. a finer 

auditory discrimination than the one original1y examined by Bundy"and Colombo 
. -

(1981~. Finally; although operant fixation procedures have generally b~en used 

with young babies, this study demonstrated that the procedure can be used with 
~ , 

t,nfants as old as 11 mon~hs of age. 

When the présent research was underway. Co Jombo and Bundy (1'-983) 
, " 

deveJoped a simiJar nove1ty-preference technique for testing auditory 
. . .) 

djscrlm~natlon in 4-month-olds .. Jus.t as 1'n the present technique. infants were 
~ .. 

, famil1arized with a pattern and then. during a test. ffxation of one display 

resulted in a novel pattern, while fixat,ion of the other displa~ resulted in the 

famUlar pattern. However. there is an important difference between their 
• 1 }-

procedure and the one reported here. In the Color:nbo-Bundy procedure, 
~, , . 

1 presentation Of the famniarization stimuli was not contingent upon inf~nts' 
, . 

, . fixations, whereas, here, infants' were presented 'the fami1iarization stimuli only 

if they fixated the displays. 
\ 

Colombo and Bundy's (1983) familiarization procedure may be advantageous 

fo~ testin90'0ung Infants'fsince it requires shorter performance. Howeve!" there .. \ 

are possible drawbacks to their approach: First, at the onset of the test, infants 

tlave not leamed the contingency belween fixation of the di~plays and the " 

presentation of ~ounds. ConseQuently, comparison of the two test stfm~1i may.be 

= • 
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t 
delayed, 50 nov.elty prefèrènCeS rnay not be obtained with famtHarization stimuli 

1 • 

that are remembered only brieflyJ' 

Second,' infants see the visual dtsplays for the first time at the onset 0.1 the 

test. so they' probably "process and compàre them. Indeed. infants shUt gazes back 

and forth between two displays, especially if theyare similar (Ruff, 1 ~75). 

IniUa1 ~isual processing may disrupt ~uditory processing, 'thereby intro~ucjng 

error into the results. 

Ftnally, in the Colombo-eundy procedure, it is not possible to evaluate 

babies' initial interest in the familiarization stimuli or:,the decline in interest· 

over time. Experimenters do not always necessarily know how many stimulus . 

pres,entations are necessary to enslJre fami1iarization; s~, a~ actual measure of 

fami1i,ariza~ion may be useful. , " 

Despite.'~he differences betweèn ,the'two paradigms. the c,onslstent'fl'hdfngs 
- ~ Cl , ,f' ,~~~ 

indicate that a novelty-preference fixati'On te~hnjque ts suitable over a wlder age 
, " 

range than other procedures. Thé HAS 'procedure is not suitable for infants older 
4t • f 

~han 4 months, while reinforced head-tuminQ techniques do not work with Infants 
~ r: ~ 

younger than 5 or 6 months. thus, novelty, .. preference techniques of Jhe type used 

here can probably play a ro!e in future studi'es that compare auditory functl~ns of 

different age groups and age comparisons ~i11 not be confounded wlth procedural 
. , 

, differences (Washbum, 1984). \ ' 

The method developèd h~re is not only usefûl for devel-<>pmental studies, it 

i~ also suitable for addressing questio~s on infant ~uditory categorization. A 

novelty":'prefer.ence paradigm has th~'â~~tage of incorporating wlthtn-subject 
1 , \ ~( , 

compariso,ns and, unlike the reinforced -nead-tumjng procedure, enables the 
, 
" , 

,& -
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evaluatlon of categorization ln the absence of training. Hence, study 2 
" 

investtgate<fê~tegorjZation ln 10-month-old infants usjng the methodology 

developed in study 1. 

'. 
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Study 2' 

Categorizing Sequences on the Basls of Melodie Contour 

1 

Using the novelty-preferenee method, study 2 examined the abi11ty to 

categorize auditory sequences in 10- to 11-month-old infa~ts. Speciflca11y, the 

~tudy tested categorization of sequences on the basis of melodic conto.ùr in the 

context of two varyi,ng dimef1sion~, the frequ~ncy range8 and the wave form9 of the 

.(ones. One objective of this study was to examine infants' abilfty tQ form 

categories on the basis of jnvar:iant information that 1s more abstract than simple . '. 

aeoustic features. The abstraction of melodic contour requirês a sensitivity. to ; 
1 • *. ~ 

~ 

. the fr~Quency relations between tones across time, Equating frequency relations 
, . 

cannot be donEftby simply matching frequency values of tones aeross sequences . . . 
Râther, the frequency relations m~st be éncoded in a more abstract form, 

, 

independent of the parlicular frequency values. Before describing study ~, 11 is '1 
. , 

worth reviewing the relevant research on infants' perception of melodic contour. 
, 

'. There is considerable evidence that infants are sensitive to the contour 

10format ion .of auditorY., signa15. 6abies- can dist inguish between .. speech tokens that 
, 0 

have different frequency contours10 (Kuhl & Mi 11er, 1982) and they pre fer to llsten 

to sounds that ,have expar)ded frequency contour~ (Fernald, 1961; Ferna1d & Kuhl. 
4 • • \ 

", . 1981). Two studies have alsQ demonstrated that inf.ants are sensitive to melodic . . . 
, .. l , , _ 

cOfltou~ (Chang & Trehub, 1977a; Trehub, Bull & Tho~pè, 1984). , 

: 
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Using a cardiac hab1tuation-dishabituaUon procedure, Chang and Trehub 

( 1977) habftuated 5-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 order. 

Dishabituation, as measured by cardiac de~èleration, was fndicated by the control 

group, but not by the group exposed to the transposition. The authors concluded 

that infants' performance was based on the common melodic contour of the 
, 

, standard and transposed patterns. Strictly speaking, the authors demonstrated 
l ' 

discrimination of melodic contour, and obtained no evidence of discrimination of a , , 

transpos i t ion." 
.... 

Recently, Trehub, BU1l, and Thorpe (1984) tested perception of melodic 
1 

contour in 8- to l1-month-old infants using a reinforced head-turning procedure. 
1 

ln two studies, infants'were first exposed to d six-tone ·standardN melody and .. 

then 'tested for discrimination of the ,following types of transformations of the 

, standard melody: 1) a transposition, ln which the freQuency ratio of successive 

tones remained intact, but the absolute freq~ency of individual tones was changed; 
. -

' 2) a contour-preserving condition in which the con\~our remained intact. despite 

changes in absolute frequencies and frequency ratios; 3) an octave­

change/contour-preserving cpndition ln which several ton es were displaced to the 

same note in another'octave, thereby altering the absolute frequencies and 

frequency ratiO,s.. but re'taining the original contour; 4) ~ octave- " 

chang~/contout-violating condition in w~ich several t,ones were displaced, thereby 

altering the absolute freQuenci~s, the frequency ~atios, and'the contour. 

p 
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Initl~l1y, the standard pattern was repeatedly presented from a lateraHy 

- positioned sound source. Next, infants received one of the transformations of the "' 
i 

standard pattern, and a visual reinforcer was activated if they oriented toward the 

sound'source when the pattern was changed, Infants were reQuired ta learn to 

cons~stentw turn 'toward the'sound sour.ce when a transformation was presented, . 
but withhold the response when no changé in the standard pattern occurred. 

Successful performance was tak~n as evidence of the discriminabHity of the 

standard pattern fram transformations. 

ln the first study, infants discriminated aH transformations from the 
, • ';,t 

standard contour. In the second study, a distraction sequence was inserted 

between repetltions of the st-andard melody as well as between the standard and, 

transformed melodies. 'Infants failed to discriminate transpositions as well as , 

contour prese~vjng patterns ln which the absolute freQuencies and freQuency , 

, ratws we~e changed,' ln contrast, they discriminated transformations involving 

changes of contour Y'ith note name and frequency preserved Infants also 

discriminated between sequences whose tones were from C!!fferent oct~ves, 
~ ----

suggesting that babies are s,ensitive_ t~à11-frêquency range of the patterns. 

The two experiments support a nurnber of conclusions First, under ideal 
'f 

, l' circumstances, babies are senslt ive to changes in m~odlc contour, freQuency 

range, the absolute fréquency of tones, and t,he frequency mtervals 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 absolut: freQuency or freQuency ratio. Thus, It rnay 

be that rnelodic contour_and freQuency range are inherenfly more sal1ent andl or . 

~: 

'. 
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resjsta~t to memory decay than other dimensions in the ,presence. Alternatively, 

the partlcular values and differences selected for melodic contour and frequency 

range may have been more sallent than those selected for absolute frequency an~ 
,ô 

freQuency rat io. 

Hence, previous evidence indicates that infants perceive meJodic contour. 

The present study extended these findings by investigating babies' abillty to 
~ ... \ 

equate distinct sequences that shared a common contour. The sequences differed 
, ' 

strlkingly alon9 two~ rather than one dime.nsion; frequency range and wave forrn'of 
1 

1 

the tones. 
~ } 

'Infànts were initial1y fam1liarized either with a set o(rising ~~Iodic-
. , 

contour sequences or with a simiJar set of fal1ing melodie-contour sequences. 

Wlthin each set, sequences dlffered from eac~ other in frequency range and wave 

form. Ne.xt, during a preference test, the sub jects were presented two novel 

patterns with a new frequency range and a new wave form; one of, the patterns had 

a rising contour and the other had a falling contour. Tha,t is, one of the test 

patterns was a new member of the famllianzatlon category whlle the other test 

pattern was a member of ~ novel category Even though both test stimuli were 
r \ 

actually new, Jt was expected that infants would prefer1the sequence from the 
j 

novel category ov.er the sequence from the familiar category. 

Method 

Sybjects 

\ 

\ 

,TY'enty-four fuJ1-term infants ( t t boys and 13 girls) between 44 and 48 

weeks of age (mea~ ag~: 46 weeks) participated in study 2. Infants were 

, . , . 
" 

.~ 

• 
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reèrui-ted in,the same manner as in study 1. An additional 241nfants were seen in 

th~ laborat~ry, but they did not provide data due to di stress (N- 12), procedural , , 
,~ 

difficulties (N· 7), or a fallure to samplé both test patterns (N • 5), Additional 

, demographic informatIOn regarding the infants that prov1ded acceptable data ls 

~ . presented in Appendix C. 

'­
• 

l-

Apparatus 

The equipment use~ was the same as for study 1. 

Stimuli 

The sequences were synthesized in the same manner as the stim~1i in study 

1. They consisted of five tones span~ing one octave, arranged in either an . ' 

ascending or descending pattern. The tones were 150 msec, with 20- msec 

'exponential1y ramped rise and fal1 times (see Figure 3). A11 intertone intervals 

were 50 msec. As in study 1., a 1 DO-Hz ,tonal sequence controlled the functioning~ 
r 

of the synchronizer. 

The fami1larlzation stimuli are presented in Figures 4 and 5 There were two 

sets of six different aûdltory sequences One set included three r1s109 patterns 

(Figure 4), wlth two versions of each, that dlffered in the wave form of thelr 

tones. One wave form (Wl) conslsted of equalmtenslty welghtmgs (33, 33, and 

.33) on the first, second, and thlrd harmonres, whlle the other (W2) conslsted of 

tones with approximately equal mtenslty weight mgs (30, :35, and 35) on the 

first, sixth, and eighth harmonies The other set of famlllarlzatlOn stimuli (Figure 

5) wa9 Identical to the SIX r1s1Og patterns except that the temporal order of the 

tones was reversed to yield six fall mg patterns The test stimuli (FIgures 4 and 
~ 

5) conslsted of two new paHerns that were identical to each other, except one had 

" .. • 
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, FAMILIARIZATION PHASE 

O' F' G' 
H? 156 185 20e 

B 0-
247 . 3rt 

$11 J J J :.J r 
,f G E 

Hz 330 392' 440 466 659 

F' A B c 
Hz 1480 1760 1976 2093 2960 

TEST PHASE 

• J 

F C'" C G# F F G· C C· F 

, 

Hz 13911109 1041 831 699 Hz 699~831 1047 1109 1397 

R: Rj~ing Contour Pattern T: Te,t Pattern 

F: fel1ing Contour Pattern W: Weve form of Tonal Componenb 

,1" 

figyre 4. R1stng meJod1'C contour cond1tlon for study 2. 
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FAMILIARIZATION PHASE 

. fI W 1 , , 

& 
FI W2 ~ 

(\ 

, ' 

O· B G- F- 0-
Hz 311 247 208 185 156 

F2 W 1 4 ;~ ; Il r J ,J & 

f2~2 E A- A G , E 
Hz, 659 466 440 392 330 , , .., , : " 

f 

.... 

F- C B A F# 
Hz 2960 2093 1976 176Q/ 1480 

TEST PHASE-

F C· C G# F F G# C C· F 
Hz 1397 1109 1047 831 699' Hz 699 831 1047 1109 1397 

.E.igure 5. 

R: Ri,ing Contour Pettern 
F: falling Contour Pattern 

T: Te3t Pattern 
W: Weve Form of Tonal Componenb 

Falling melodic contour condition for study 2 . , , 
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.. 
a rising contour and the other a fa11ing contour. The tones of the test patterns 

wet'e sine waves (W:5) ( Le., they had intensity weightings only with the first 

harmonie). 

The ambient sound pressure level in the room was 50-55 dBA. The intenslty 

level of famlJiarization stimuli was set at 65 dBA at the position of the baby's 
f 

, , 

head according to a calibration tone recorded at the beginning of each audiotape. 

The calibratIOn tone eonsisted of a pure tone with a frequency level correspond mg 

to the average frequency of~al1 notes of the familiarlzation patterns. The test 

patterns were presented at mean peak intensities of 65 dBA. 

Procedure 
, , 

The pr:'ocedure was similar to study 1. The experimental design 1S 

represented i~ FIgure 6. During the familiarizatlOn phase, fixatIon of elther 

display resulted m a randomly ordered presentation of the SIX rlslng-contour 

sequences for half the Infants and the set of SIX falling-contour sequences for 

the other half. FamlllanzatlOn contlnued until an infant's total fixatIOn time ln a 

30-sec period had declmed by below 50% of the fIxatIOn tlme durlng the flrst 30' 

sec of famlllanzatlOn A sUbJect-speciflc criterlOn was adopted because It was 

unclear how much tlme mfants reqUlred to process the varylng famlliarlzatlOn 

sequences. As m study l, the test phase conslsted of two 20-sec perlOds, but 

there was a 48-sec pause between the famillarlzatlOn phase and the flrst test 

period and between the first and second test penods 

During (he test perJods, fIxatIOn of one dlsplay resulted ln the presentation 

of the rising-~ontour test sequence, whlle ffxaton of the other dlsplay resulted ln 

the presentat ion of the fa Il ing,-COnj test sequence Each test pattern was 

.... -~ --
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presented on the 1eft for one test period and on the right for the Qther test 'perlod •. 

with the order of rising-1eft and rising-right counterba1anced across subjects .' 
, , ' 

The criteria for inc1uding an infant's data were simiJar to those use.(Un. 

study 1. First, the observer, who was unaware of the experimental c;ondition" 

determined if the baby had been sufficjently calm and alert tQ provide scorable 

.da~a. Next, tt\e fixation data were retrieved from the computer's memory and 
, . 

considered acceptable if the infant had sampled bath test patterns for at least 1.5 • . .. 
seç .during thè test perlod. 

Results -
v. 

1 1 ' ~ 'If .. 

Inltta11y an analysts was conducted to détermine if the amount of iooking 
1 ' 1 ~ 1 .. 

dL\ring fa~i1iarization was influen~ed b,y the familia'rization condition. A one-way 

ANOVA was con~ucted with Familiarization Condition (i.e., rising or fa11ing) as a 

between-subj~~t factor. The, analysis yi~lded no significant difference betwe~n 

'. the famîllarization looking time in the rising condition (90.5 sec) and the fa11ing' 

~ condition <t"01.9 sec). 

" 

The usè of a relative criterion of habituation ensured that data were . -
obtained only from subjects who habituated to the famlliarization stimuli. 

However, an analysis was. conducted to determlne if initial looking and the decline 

of I,ooking was influenced by the famil ia'riiation conditIon. Th~ dependent variable 

was amoutlt of looking durH~g a 30-sec block. A 2 x 2 ANOVA was conducted with 
, 

Block (the first 30setbf fami1!art~ation and the last 30 sec) as a within-subject 
~ . . 

factor and with FamiHartzation Col'ldition (rj~ing and fal1ing) as a between-

~Ubjtvariable~rhe analysis yielde~ a significant main effect or Black, E 11,22) 

.' 
,Il 

;' 
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, . • 622.~6, P<.OS. Neither the main effect of FamiUarizaUon CondItion, E (1,22)· 
., ~, ~ 

.49, p>.OS, nor the' Block X Fam,i11arizatton Condition interaction, E (1 t22) • .07, 
-, . . . , 

p~.05, were signifjcant. The d~ta are presented in T~b,le 2. As expected, infants 

looked less during the last 3Q-secblock of famlJiarizatlon than during the first 
1 

30-:-sec block. Moreover, virtually identical patterns of looking ~ere obtained for 

the.two f~mj1tarizatjon groups. 

, ,The primary analysis determined if infants 'fjxated the display ~ssociated 
, & 

. with thé novel-contour pattern more th an the dlsplay associated with the· 

fami Jlar-contour pattern. The measure of primary intèrest was the proportion of . . . 
test time spent fixating the display associated with the noveJ-co~tour pattern 

-. "'\ 

(j.e., propnov=' [ tnov/ <tnov.+ tram)]. The mean propnov was calculated acrGSS ait 

subjects"lind compared to .50, the proporùon expected by_chanœ:-The obtained 

~aJue .58, was signt ficantJy greater than .50, t(23) • 2.31, p<.025, l-taiJed. Thus, 

infants fixated the dispJay associated wlth the novel-contour pattern more than 

the -dtsPla~ associ·ated with famiHar-contour pattern. 
~ /:l .. .. 

Secondary analyses were conducted on the propnoV data separateJy for each 

fami Iiarï'zation group.' The r!sing-contou~ _fam!1iarization group preferred the 

faJJ ing contour test ~eQuence ( tl- .61 rSignific~ntly m~~e than chance, t(11)· 

2.75 P( .05, l-taiJed. The f~l1ing-contour famiJiarization group preferred the 

rising-co~tour test Qj- .54) sequeMce, t)ut the preference was not- statistically 
, 

signfficant, 1< 11) - 1.00, P>.OS, l-taiJed. However, the two groups did not differ in 

their preference for the novel-contour test, F( 1,22) - .92, p>.05. 

Although the experimental desJgn was counterbalanced, an additiona) 

analysis was conducted to verify that the overaJl group preference- for the novel 

. ~ ./ 
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Table 2. 

The ReJatlooshJo Between the FaroiJ iarlzatioD patterns Rece1yed 
: , 

and the'Affiouot of ~OOk1nO OUrlng the Elrst .ana Last 30 sec~r 

Familiarizat1oo. 

Familjarizatioo Condition 

Ftrst 30 sec' Last 30 sec' 

Risjng-~ontour 21.3 ·8.6 

f ., 
Fall1ng-contour 20.1 8.5 

'. 

t1 20.7 8.5 

,} 

.. 
.. :" ~' .. 

, . 
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-
contour wa,~ not artifactually due to a natural preference for the falling-contour 

test pattern. The proportion of looking time spent attending to the 'a111ng-. , 

contour pattern (proPr.,) was computed as follows: proPr., = trl,/( t;l' + tris), where 

t,., was the total time an infant fixated the dlsplay associated with the fa11in9':., . 

contour sequer J, and tris was the time the infant fjxated the display assoc;;iated 

with the rising-contour sequence. The proPfl' data were subjected to a one-way 

ANOVA wlth Familiarization Conditi09 as the between-subject factor. t'nfants 

\ preferred the fal1ing-contour test pattern signiflcantly more after having been 

fami1iarized with the rising-contour sequences,(tl- .61) than after being .exposed 

to the falling-contour sequences (~ • .46), É (1,22)· 4.69. p<.OS. Thus, the 

demonStrated prE!ference for the novel-contour test pattern was not attributable 

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

The analysis so far examined infants' relative interest ln the fami1iar- and , 

novel-category test patterns. I.t was also worthy.rhile to examine infants' absolute 

tnterest in each test pattern independent of their interest in the other pattern. 

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

'hear the famiHar-contour sequence for their first look of the test with those who 

happened to hear the novel-contour sequence. 
, 

The ~ata from a11 subjects who performed adeQuately until the end of the < 

, 
ftrst test look were included in th1S comparison, Le., data from 23 of the original 

24 subjects ll plus data from an additional fo subjects. The additionall0 subjects 

were selected by a naive observer who viewed the videotapes of ~he first test 

period ~nd çhose,only babies who were calm an~ alert be~ond the end of the first 
" , 

test look. 

\ 
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, \' -" . 
" A prel1mlnary ana)ysis'd~fërminéQ if the first test pattern h'eard byan . ,( " 

• _ ~ 't ....... 1 ~ 1 ~ 

infant (novel-contour- or the familiar'!..contour) influenced the likelihood that the '. " ,.~ - .. -. 

infânt would successfully complete the test phasè, Table 3 shows the relattonsh1p 
ft _~ 

between the fJrst test ,pattern heard (nove) vs. ~ami1iar} and completing the test. 
, . . . 

_ A Chi square test reyealed a slgnificant relationship between the two variables, 
L" je , 

'\ , , 

(X2 (1, H';' 33} - 4.46, p<.OS). Infants who f.irst h~ard the noyel-contour pattern 

were more Jlkely to cofuplete the test su~cessfuJ1y than those who first heard the 

familiar-contour test p.attern. Infants who'f1rst sampled the familiar-contour test . , ., . . 
sequence experienced more di stress or disJnterest, presumabJy because they dld 

not percejve the continuing procedure as nove1. <S 
~ . -

A more direct measure of infants' relative interest in the two test patterns 

was,obtained. Post-habituation recovery of interest was compared for the group 

of infants who first sampJed the same-contour test pattern and the group who 

. fjrst sampled the novel-contour, pattern. A naïve observer reviewed the 
~ 

vldeQtapes for the group of 3:3 infants who performed adequateJy until the end of 

the fJrst test look. She scored the duration of the last farmliarization fixation 

and the duration of tMe first test Jook. 
-, 

The data (Figure 7) were subjected to a 2 X 2 ANOVA wlth Look Oast 

famniarizatio~ and first test) as a wïthin-subJect factor and with Test Pattern 
- - - -

(Fami11ar-contour and Novel-contour) as a between-subject variable. The analysis 
'-

revealed a main effect of Look, E( 1 ,31) - 7.42, P<.OS, and no signiflcant 

interactloh: However, planned comparisons indicated that mfants who first heard 

~he novel-contour pattern demonstrated post-habituation re'Covery of interest, 
, 

while infants "(ho heard the famlliar-contour pattern did not. For mfants who 
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Table 3 

The RelatloOstlip Between the Flrst Test pattern Hearn and the j 

Llkel1hood Qr SuccessruJly CQmpletlng the Test. 

\ . 
Test' Session 

Complete Inèomplete ~ .. 

• .. 
Novel 

Flrst Contour 16 3 , 
- ' f 

Test . , 

Pattern " 

\ Heard Familiar 
Contour 7 7 

.t 

( \ 
- \ 

l, • 

' .. 
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-' Novel- Conto,ur first-look infants 

' . 

. \ 

-' Feml1ier- Contour fi-rst-look infents 
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\ 
figure 7. Dure.tion or .the lest fam111ar1zet1on look and" the ftrst 

test 'Jook . 
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!irst sampled.the novel-contour test pattern, the first test look was signifjcantly . . 
longer than the last famiJjarization look, t(18) • 2.94, p<.Ol, two-tailed. 1ft 

- , . 
~trast, for infants wh~ first sampled th~ familiar-contour test pattern, ~he 

first test look did not differ significantly frôm 'the la5t famniarization look, t(13), 

_ ~ 1.09, p>.05, two-tailed. 

Discusssion 

!Study 2 established the suitabl1ity of a fixation preference technique for 

evaluating auditory categorization in infanc::y. Unllke' other methods, the 

preference technique assesses categorizatio~ on the baS1S of a relative l?imilarity 

judgfrnent, and the experimental desig~ incorporates withm-subject comparisons 

ln addit ion, categorlzat ion can be measured on the basis of an absolute similarlty 

, judgeme.nt by conductmg a between-subject analysls of bables' first test 1001-' 

The techmque dlffers from the remforced head-turnmg paradlgm wh1ch 1s 

commonly use to study mfant audltory categonzation man other lmport_ant way 

Babies in the head-turning procedure~~re taught to attend to a perceptual property 
> ~ ~ 

that IS invariant across stImulI and to treat dlfferent stlmull as slmllar. The 

procedure may actually tram infants to categorlze stimuli that they would not 

naturally conslder as equlValent (Alsl1n et al, 1983). In contrast, mfants 10 the 

fixatIOn procedures are slmply presented stImuli that share invariant mformatlOn 

and are allowed to abstract that mformation on their own Thus, the fIxation 

t~Chn1Ques may be better sUlted to evaluate mfants' natural tendencles to 'l 

categorize certain st1muli. 

More important than its methodological contrlbutlOn, Study 2 establishea r 
that infants can categorlze melodles as equivalent on the oasis of contour 
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~ 

information. Both relatively and abosolutely. infants ~ere 'interested tn a sequence 

from atnovel category and were uninterested in a new'seQuence from a f~mlljar 

c~tegory. Hence. babies abstracted contour informatlOn across very distinct 
\ ' 

patterns and then treated ci markedly differ-ent same:"contour tes~ pattern as ' 

eQuivalent on the basis of the invariant ,re'lational information that is more 

, abstract than simple acoustic features: 

A~cordi~g to the ?peratio~al deflnltion used h~re: categorization requires 

not only an equivalence response. but also, a dembnstration that categor.y members 

are discriminable. Since infants can make fine freQuency discriminations. they 
, " . 

.. 1 \ • ... 

probablY,discriminated among the considerably.distinct patterns used in study 2. 

However, ele~ents of the procedure may have prevented discrimination. 

Therefore. study 3 directJy addr.essed this issue, Smce 1 ittle is known regarding 

infants' sensitivity to the wave form of tones, study 3 also 1est.ed babies' abi11ty 
" 

. to discrirninate between patterns on the basis Of thlS dimen~i9n. 

, ( 
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',Study 3 

Discrimiriat1ng Cat~gory Members 
6 

60 

, Study 2 ~emonstrated that infants can treat same.:.contour sequences as 

, equlvalent e~en though their tones dlffer 10 frequency range and wave form. To 

fulfi11 the operational deflmtion of categorization, however, the discriminabi1i~y . ~ 

of category members should be demonstrated, rather than assumed. If infants can 
, . 

discr:iminate among the familiarizatlOn patterns, bables ln study 2 would,have had 

to abstract the contour information desplte notlceable lrrelevant' information. If 

infants can discnm10ate between the famlliarizat ion patterns and the same'" 
~ , 

contour test pattern, thel'l infants in study 2 treated the same-contour test 

pattern as equivalent to the faml11arization stImuli despite noticeable 

differences . 

Most often, evidence from other experiments'is not sUffICie~\ to establish 

the discriminabll1 ty of category members. First, stImuli are often constructed 
t~' 

from combinat IOns of features that vary across studies. Second, discrlminabi lit Y . \ 

should be establ1shed UStng a paradlgm as slmllar as possIble to the 

categorizatlon paradlgm (OIson & Sherman, 19{33). DIfferent paradigms make 

different demands on infants~ so bables mlght discrlm10ate category members in 

one SItuatIOn, but not m another Moreover, the mcentlve for dlSCrlmmatory 

responses varies across techniques; for example, bables are more Ilkely to show 

discrImination ln a reinforced head-turnjng·proced~re th an in an habituation 

procedure (Trehub, Schneider & BUJI, 1981). 

m 
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Study 3 included three types of discrimmation tests. The first part 

determined if infants can discrimmate between the famlharization patterns and 

the same-contour test pattern of'stuay 2 The second part tested If 10fants can 

discriminate among the same-contour farTI111arlzatlon sequences of study 2 that 

dlffered only 10 frequency range Fmally, the third part tested for dlscrlm1Oation 

among the famlllarization patterns 'dlffering solely on the basls of the wave form 

of the tones. 

.p~ 1 

Djscrimmatjng lest and Familjarizatlon Patterns 

purpose 

Part 1 evaluated mfants' abillty to dlscClmmate between the 

fami liarlzat Ion sequences and the same-contOlJr test sequences of study 2. 

Method 
1 

SUbJects Slxteen full-term bables (9 boys and 7 girls) partlclpated as 
.' 

sUbJects, they were between 44 and 48 weeks of age (mean age 46 weeks) Nme 

additlOnal infants were seen 10 the laboratory, but they dld not provlde data due 

to distress (N .. 3), technlcal and procedural difflcultles (N" 4), and fallure to 

sample both test patterns (N = 2) 

Apparatus The equlpment used was the same as for study 1 
• ,1 

StImulI The st Imul i conslstt:<llof sequences prevlOusly used ln study 2. 

There was a paIr of rls10g contour sequences (R3WI and RtW3) and a paIr of fallmg 

contour sequences (F3 W1 and FtW3) (see FIgure 8) The sequences wlthln a paIr 

differed both ln the frequency range and ln the wave form of theIC tones The 

~ ambient sound pressure level 10 the room was 50-55 dBA AlI patterns were 
/ 

\ 
\ 

,. 

• • 
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f' G' C C' F 
Hz 699 931 1047 1109 1397 

F,e' e G# F 
Hz 1397 1109 1047.831 699 

'F' ABC F' 
Hz 1480 1760 1976 2093 2960 

F# C B A F# 
Hz 2960 2093 1 976 1760 1480 

figyre 8, SeQuence pafrs tested for d1scrfm1natfon in part 1. 
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, t 

presented at lJlean peak frequenéies of 65 dBA at the location of the infant's , ' 

head. 

proçedure Half the infants were requlred to discriminate between the pair 

of rising-contour patterns' and the other halr between the pa!r of falling-contour 

patterns. Otherwlse, the procedure was similar to that of study 2. During 

famiJiarization. fixation of either display resulted in the repeated presentation of 

one sequence of a pair. Familiarization continued until one of two cClteria were 

met: Either the infant's total fixation time 10 a 30-sec period declined to 50~ of 

the fixation time during the first 30 sec, or 120 sec of famiJlarization had 

elapsed. A maximum duratlOn of familiarlzation was used because some infants 

in study 2 dld not reach the habituatIOn crtterlOn even when thelr distress 

suggested dismterest ln the stimuli L imlting the famillarizat ion period was 

expected to reduce the attrttlOn rate. 

During the test phase, fixatIOn of one of the dlsplays was associated with 

the presentation of the famlllarizatlOn pattern and fixation of the other display 
J 

) 

resulted ln the second pattern from the pair The test phase agaln conslsted of 

two 20-sec perlods in,which the left-right order of the test stimuli were 

reversed 
'\ 

Rftsu)fs 
JI 

.~ '" 

The first dependent variable of interest was the total flxation'tlme during 

'famillarization AfJJ~e-way ANOVA with Familiar'lzatl0n C<,mdltl0n (rlsing'and 

falling-contour) as a between-subject factor dld not yieJd a slgnlficant effect, E 
') , \. 

(1.14) • .56, p>.05. ~ '. 
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:\1 An analys'ts was undertaken to determine if jnf~ntS' 'jnterest in the stimuli 

declined over the, course of the famiHarization phase ~s~e Table 4). The dependent \ 

'variable of interést was amount of looking, during 30-sec'blocks. A two-~ay ", 
, 

ANOVA was conducted with Block (the first 30 sec of familiarization and the last 

30 sec) as a within-subject factor and Familiarization Condition (ris1ng and 
, 1 

fal1ing) as a between-subject variable; the analysis yielded a significant main 

~ffect of Block, E (1,22) • 27:48, p<.OS, but the interaction was not significant, E 
, (1,22) - .39, p>.05. As expected, the mean duration of looking across the 

.. 
faml1iarization groups ,declined from the first to the last 30-sec block of 

familiarization and' similar ~atterns of looking were observed for both 

familiarlzation groups. 0 

, , 

The measure of primary intèrest was the proportion of time spent 

fixating the display assoclated with the novel sequence (j.e., proPnov= [ tnovl (tnov+ 
, . 

, ' 

tram> D. The mean proPnov. calculated across an subjects was .60, a preference 
. , 

significantly greater than chance, ln 5) ~ 2.5, p<.05, l-tailed. f1oreover, the 
, . 

mean proPnôv values dld not differ for ti1e fal,Jing:" and"rising-contour groups, 
\ 

E (1,14) • .16.1, p>.05 (,59 vs .. 62). 

Part 2 -1 

" , 
~" Djscr;mjnat;ng Faro; ) jarjz~tiQn patterns on the 

\ . 
Basis of Freguency InformatIon 

i ' , 

purpose 
, < • 

Part 2'evaluated infants' abi1lty to discriminate between a fam~iarization ' 
1 

- - - - --
sequences on the basis 'of freQuency range. 

.' 

• 1 

. ' • 
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TaBle 4 
i ' ~ :. '\ 

\ The ReJatiooshJp Between tOe FamiUarlzatioo pattems<Recelyed' 

and the Amount et LOOktog Ourlng the Flrst and Last 30 sec,of 

Familiarizatjon. 

FamjJjarization Condition 

Rislng-contour , 

,Fa 1 Jing-cootour 

t1 

l ' 

~, • 

F4rst JO sec 

21.4 

20.1 

~ 20.7 

. , 

Last 30 sec 

5.0 

,3.9 

" , 

4.4 

_ ...... ---

. '. 

., 

, . 

\ 
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rfethod .. 
Subjects Sixteen full-term babies (7 boys and 9 girl~) participated as 

sUbJects; they were between 44 and 48 weeks of age. (mean age: 46 wèeks). 

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

. due to distress (N • 3), technicaJ and procedural difficulties (N ... 3), or a failure 

to samp le both test patterns (N· 1). 

Apparatus. The equipment used was the same as for study 1. 

Stfmull The stimuli consisted of sequences previously used in study 2. 
- , 

These lItere two rising contour sequence (R:s W1 and R1W,) and a pair of falling 
" . 

contour sequences (F3~I,and F,W1) (see Figure 9>' The two sequences in each 
"'" 

pair differed only ,in frequency range. The ambient sound pressure level in the 
, . . , 

room was 50-55 dBA. Ali patterns were presented at mean peaK frequencies of 

65 dBA at the locat ion of the infant's head. 

Procedure, The procedure was identical to· part 1. Infants wère required'to 

discrimlnate between the two, rising-contour patterns or between two fal1 i,ng-
, -----

contour patterns. 

Results 
. , 

The ffrst dependent variable ~f fnterest w~s the total fixation time during 

famJ1iarizatipn .. /1:. onè-way ANOVA12 with Familiarizat.ion Pattern Crising and 

fall jng~co~tour) as a between-su~ jec~ r~ctor yielded ni 0 signiflCant effects, f 

( l, 14) • 2. 12, p> .05.. " . 

An analysi~f was undertaken to determine if infants' interest in the stimuli 

" decllned over the course of the famiÎiarizatioh phase (see Tabl~ 5). The dependent 

. variable of interest wa,s amount of fooking during 30-sec blocks:- A-"'2x2 ANOVA 

'< , 

= 

• 
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c 
Hz 1480 176(1 1976' 2093 2960 

8v.------------_ 

F- C B A 
Hz 2960 2093 1976 1760 

.. 

F-
1480 

~ 

0- F- G- D-
, Hz 156 1 85 208 247 311.' 

F, W1 

~ 
O- B G- F- 0-

Hz 311 247 208 185 156 

, figure ,9 Sequence, pairs tested for dlscr1m1natton ln part 2. 
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"Table 5 

The:QeJatlQoshto Between the fam1Jlartzat'ion Patterns Recetved , . 
. . 

and the AroQuot of Looklng Durlng the Flrst and Last 30 sec of 
'. 

Faml1faftzatlon. 

famtllarlzatlon CQnditlon f.ïrst 30 sec Last 30 sec 

, 
• 

.. 

, ' 

v 

Rfsing-contour 

FaJ1ing-contour 

, .' 

'\ 

" 

, ' 

1 • 

, , 

, 
~ , 

20.6 6.9 

21.0 1:6 

.... 

20.8 4.2 

l f 

'r 

Î . \ 

'. 
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was conducted with Block (the first 30 sec of familiarization and the last 30 

'sec) as a'Within-subJect factor and Famnjarization ConditiO~ (~ising and falling)' .. 
as a befween-sUbject'llVariable. The analysj~ y'ielded a significant main effect of 

Black, E (1,22) • 52.00, p<.05, and a significant interaction, E (1,22) • 20.55, 

p<.05. The interact ion effect results from less looking in the falling-contour 
• 1 

group than ln the risjng-cçmtour group during the 1ast 30 se<: of famlliarization, 

Nevertheless, the mean duration of looking across the familiarization groups 
, . 
decJined from the first to the last 30-sec block of familiarization (20.8 vs. 4.2 . , 

sec). 

The measure cf primary interest was the proportion of time spent. fixating 

the display associated with the novel seQuen'ce (Le., proPnov= [tnovl (tnov + t'lm)] ). 

The mean proPnov calculated across ail subjects was .58. a pre'ference 
, . "" 

'significantly, greater ,than chance. l( 15) = ~,91, p<.05, I:-tailed. The mean proPnov 

values computed for the rising-contour condition ([:1- .61) and the fall ing-contour 

'condition,(tl - .54) did not di ffer significant ly, E ( 1 .'14)- 2; p>.05 . 

• 
Part 3 

Djscriroinatjng Familjarjzatjoo patterns 00 the 6asjs of Wave Eorrn. 
1 

purpose 

Part ,3 of the experiment tested if infants can dlscnmmate between 
, 

- "famil iarization sequences from study ~ that~dif~ered only in the wave form of 
~ 

theïf tone5'-

Method 

. " 

• 
.& -

." 
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~ 

Subjects Thirty-twQ ful1-term babies (16 boys and 16 girls) "served as , . . 
sub jects; they' were between 44 and 48 weeks of age (mean age: 46 wee~s). 

Twenty-one additional babies participated in the study but did not yield 

.satisfactQry data because of distress (N·'14) or technical and procedural 

difficulties (N-n 

êcparatus. The equlpment used was the same as for experiment 1. 
~ 

StjmuJ j The stimuli were previously used in study 2. There was a pair of il • 

rising-contour patterns (R2 W, and R2 W2) and a pair of fall in9- contour patterns 

(F2 W2 and F2 W1 )(see Figure 10). The two sequences in each pair differed in the 

wave forrn of thelr tones. The ambient sound pressure leve 1 in the room was SO-
I 

55 dBA. AIl sequences were presented at m~an peak frequencles of 65 dBA at the 

location of the baby's head. 

prOcedure Part 3 of the experiment used a natural preference l3 technique to 

test if infants can discriminate between sequences that differed only in the wave 

form of the1r tones. Infants recelv,ed two natural preJerence test perlods, each 

lasting 30 sec Hal f of the babies werè exposed to the paIr of rising-contour 
, 

patterns while the other half recelved the falling-contour sequences Durmg the 

tests, fixat ion of one of the dlsplays ~esu1ted ln the presentation of a W, sequence 
• r ! 

whiJe fixat Ion of the other 'displaV resulted ln a W2 sequence To contro 1 for side 

,~r_e.~erences, the W, sequence Wfo~. assoclated wlth the nght dlplay fo~e of the 

tes t . perlods and v.: 1 th the 1 e ft JJp 1 ay for t heother test pe r IOd 1 
Results 

The dependent variable of interest was the proportIOn of Ume spent fixating 
, ' 

the display associated with the W2 pattern, calculated as follows proPw2 = 



• 

o 

.' 

R~I, IIJ J, U'.j r 
v.z 3~O 3~2 4':0 :: 6

E

S9 Hz 330 .. 392 440 ,466 659 

F2W1, Il p= J ~ J J VS, Il j' ~ 1 J A J FzWz 

E A!I AGE E A# AGE 
Hz 659 466 440 392 330 , Hz 659. 466 440 392 330 : 

) 

't 

Ë!gyre 1 Q, Sequence pelrs tested for'dlscrlmlnet1on 1n pert 3. ' 
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t w2/(tw2 + twt ) where t w2 was the total time an infant fixated the display 
1 \ 

associated with the W2 patter~ and twl was the timé the infant. fi)(ated t~e 

dlsplay associated with the W1 pattern. A prelimlnary e)(aminatlon of the data 

reveaJed a slgmflcant dlfference, E05,15) = 247, p< .10 in the variances between 

conditions (rismg- and falling-contour patterns), so the data were subjected to 

an arcsin square root transformatIOn A one-way ANOVA lndicated no significant 

effect due to tontour The mean transformed proPw2 data were virtually identical 

4.pr the two contour groups (t1 rlsmg· .82, tlfalling '" .85). Hence, the mean proPw2 

value was calculated across ail subjects, the obtatned value (t1=.83) was 

significantly greater than the value expected by chance, .785,1(31 )=2 71, p<.05, 

2-tailed. The results mdlcate that mfants were able to dlsCflmmate between 

same-contour famll~~rtzation sequences From study 2 that dlffered only in wave 

form. 

DIscussion 

Study 3 demonstrated that infants can dlscrlrnmate betwt~en the same-
~ 

contour famllianzation patterns of study 2 elther on the basls of frequency range 

or wave fo~rtJ of the tonal components The findmgs suggest that infants ln study 

2 were mdeed senSItIve to these two dlstractmg audltory dImenSIOns and, 

nevertheless, abstracted melodlc contour mformatlOn Study 3 a1so estab!Ished 

that babies can dlscrimmate between the same-contour test pattern and at least 

sorne of the famlllanzatlon patterns Therefore, the combtned fmdings of studles 
<, 

2 and 3 sat Isfy the criteria for demonstratmg categoflzatlOn. That IS, mfants ln 

study 2 treated same-contour patterns as equlValent, even though the safl1e-

contour patterns are discrimmable from each other. 
\ 
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General Olscussion 

ln the research presented here, 10-month-01d infants treated discriminable 

auditory patterns equivalently on the basls of a common melodic contour. Thus, 

even without tramîng, mfants can categorize very dlstmct nonspeech SIgnaIs 

. /The fmdings hlghllght the slgmflcance of contour informatIOn for mfants, bables 

~ are not only sensItIve to the contour of sound patterns, but spontaneously 

orgamze auditory SIgnaIs on the basls of thlS dimensIOn. 

The Important contributIOn of the studies IS the demonstratlon that mfants 

can categorlze nonspeech SIgnaIs on the basls of invarIant informatIOn that IS 

more abstract than a sImple acoustlc feature. In study 2, test patterns and 

famillarizatlOn sequences with the same contour could only be equated on the 

basis of reJa'tlonaJ informatIon Infants must have pro<..)'~ssed the sequences 

globally to abstract the melodlc contour, and must havè .èbmpared .the sequences 

at a level hlgher th,m that of tonal frequencles to recognlze contour eQulVaJence 

Thus, preverbal mfants can apparently access contour informatIOn ln an . 
abstracted form that is analogous to a deSCriptIOn of "increasing" and 

"decreaslng M " 
Imphcatlons for Future StudJes on Speech CategoClzallim 

The present studles demonstrate that musical patterns can be categoClzed 

on the basls of an abstract dImenSIOn (i e, contour)' that is a1so relevant in the. 

identIfIcatIon of speech slgnals The task requirements pOint to the role of a 

sophisticated mechanlsm for equatlng same-contour patterns, altb,ough the nature 

of thts mechanism remains unknown 1 t could be argued that the melodlc contour 
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of the patterns m1mtcked the contour of speech so that special speech processing 

mechanisms were Mfooled" into operation (see Kuhl 1985, for a d1Scussion). 

However, such an arguement lS rather weak, since the musical patterns used can 

hardly be descrlbed as analogs of speech Hence. the fmdmgs impl1cate a 

. relatively eomplex mechanlsm underlying the categonzation of nonspeeeh signaIs, , 
, Ji' 

a meehanism that probably ongmated to proeess a variety of auditory SIgnaIs 

rather than to process speeCh, per se. 

The evidence seems to mdleate that objectives of studles on infant speech 

, categorization should be refocused. Traditional.ly, researehers have been 

concerned slmply with demonstrating that 10fants can categorize SIgnaIs that 

share no known acoustic eues (Le, on the basls of abstract information) (e.g., 

Kuhl, 1980; K~tz & Jusczyk, 1980). Such demonstratlOns in mfaney were taken as 

. evidenee of the eXIstence of a specIal speech processmg mechamsm (see Fodor et 

- a1., 1975~ Future research must demonstrate whlch proeesses underlying speech 

categortzat ion are d1fferent from processes underlymg simllar types of 
.. 

categortzat IOn of nonspeech stImuli Indeed, calegorizatlOn may mvolve some 

processes eommon to ail st1mull as weil as processes that are st1mulus-speclfie. 

Euture 5tudies on Non-Speech Auditory Categorizatlon 

.; , The present studles only begin to address QuestIOns regarding mfants' 

abillty to categorlze nonspeech SIgnaIs It remams to be seen if mfants can 

.categorlze sounds on the basls of other dImenSIOns or on the b~sls of 

combinatlons of dImenSIOns. Also: stu'dles on non-speech eategorl'zatlon may 

exp and our understandmg of why certanlexperimental situatIOns lead to 

categorizat ion behav10ur 10 1nfants. Researchers have begun to study meehanisms 

q • 
M 
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underlylng tnfan.t vlsual categorizatlon in the light of adul't models of category 
, 

. formatIon (Oison & Sherman, 1983, Sherman, 1985), but substanttal work remains 

, .~, /t~be done. Moreover, ~rocesses underlymg audltory categorlzation may not be 

identical to those of vIsual categorization 

( 'Severallmportant questIons already anse regard mg processes un~erlY1ng 
~udltory categorizatlOn. 1 t is worthwhlle consldertng these in the context of the 

present studles 

The flrst questIOn concems the nature"of the informatIon that is retamed by 

infants who are famlilarlzed wlth several dlscnmmable audltory stlmul. that 

possess sorne common properties. In accord with adult prototype theones of 

categorizatlOn (Posner, 1969. Posner & ~eele, 1968). lOfant V1SU~(~tegorJzatlOn 

... studles suggest that bables inltJally retam both speclrlc mformat~n about 

category members as we Il as Cl generallzed representatlon of the c tegory 
, , 

However, member-speciflc informatIOn IS forgotten more rapldly than category-

level informatlOo ( Bomba & SlQue land. 1983. Sherman. 1985) 

It is not known if audltory categorJzatlOn follows the same prmclples ln 

study 2. It IS unclear to what extent Infants retamed mformatlon speclflc to 

particular famillanzation sequences (e g., freQuency values) versus mformation) 
( 

about the category as a whole (e.g , contour mformatlOn) Moreover, at least two 

~ypes of category-level mformatlOnD'Ï'ay have been retamed Infants may have 

retalned a same-contour pattern wlth frequency range and wave form 

characterlsltcs that approach an average of ail the famlliarizat IOn stimul i 

Alternatlvely, they may have retamed contour informatIon stored to specHy 

"increasJng".and "decreasmg" independent of frequency and waveform values 

il' 

____________ .L---~-............ ---~ ~~~ . - ,':',,,, 
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l , 

The relative role of seQuence--speciflc '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 rising-

contour patterns of study 2. If infants retam sequence-specIfie 1Oformation, 

they should subseQuently prefer a novel rising-contour pattern (1 e., one wlth a 

new frequency range and wave form) over one of the familiar ris1Og-contour . , 

patterns. Alternatively, if infants retain only a prototype, they should prefer a 

rising contour test pattern that is dIstinct from the prototype over a ri'sing-. 

contour pattern that IS simllar to it Of course, infants may also retain the 

contour 1Oformation 10 a form mdependent of other auditory dImenSIons. If this 
-

were 50, they should not demonstrate a preference for some rismg-contour 

patterns over others, but should demonstrate a preference for a novel-contour 

pattern over a rismg-contour pattern. 

A second questIOn about infant audltory categOrlZatlOn regardsjlthe rela~ive 

contribution of passive and act ive processes. That is, the questIon concerns 

whether or not categorlzation responses m mfancy mvolve any consclOUS 

processes on the part of babies. The Issue IS addressed by comparmg the present 
" -

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

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

pat~ern and a contour-preserving transformation that differs ln absolute tonal 

frequencies and frequency ratios However, if a dlstract mg sequence lS inserted 

between repetltlons of tt),e experlmental stlmull, mfants do not discrlmmate 

between the standard pattern and the transformatIon. The dlstractmg sequences 
, 

may prevent the encodmg of absolute frequency and frequency ratio values of the 

= 
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stan~ard melody that i5 necessary for discrimination. Hence, 'distinct 5ame-
• r"'j 

contourjatterns were probably rendered non-dl5criminable by the dlsruptlOn of 

memory functions, a passIve process 

ln study 2 of the present research, the eVldence suggests that test patterns 

and famlltarizatlOn sequences wlth the same contour were treated eQulvalently. 

Such behavior was interpreted as evidence of categorlzatlOn. Whether or not the 

processe,s underlymg the uequivalence" respons~ resembled those proposed to 

operate 10 Trehub's study remain5 an emplrical QuestIOn. The sequentlal 

presentation of distinct famlliarlzatlOn patterns may have prevented the encoding 

~f frequency range and wave form mformation That 15, each sequence may have 

acted as a dlstractmg pattern for the other patterns Hence, one explanatlOn of 

categorlzatlOn behavlOr could mvolve the dlsruptlOn of memory functlOns 

However, other processes may also have been operattng For example, a 

mechamsm must be proposed to explam mfants' apparent abl1lty to extraet an 

abstract representatlOn of a contour category by bemg exposed to several 

members Moreover, bables who are exposed to a varlable stImulus array sueh as 

"" the faml1larlZatlOn stImulI of study 2, may actively search for Invartant 

mformatlOn that faci11tates the perceptual orgamzatlOn of the array and Ignore' 

varymg mformatlOn ".d-. 

Currently, lOfant visual categorlzatlOn IS belng eompared to several adult 

models of categorlzatlOn (Strauss, 1979, Bomba & Slqueland 1983, Sherman 

1985). ~The results of lOfant studles are predlcted by certam mode)s, but these 

are complex and Imply the role of actIve processes lt IS not clear, therefore, to 

what extent the processes underlymg mfant studles merely mlmle 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 

investigatmg infants' use of active processes ln categorization. For example, one 
- . 

'could test ff mfants can change thelr focus of attentIon to different aspects of a 

variable stImulus array (e.g., foeus on a certam type of mvariant information over 

another, foc us on the dlfferentiating information rather than invariant 

information) according to the reinforcement contingencies. The ability to shift 
.----............,r 

focu~ of attentIon would pOint towards the role of~ conscious processing 

strategIes. 

MethodoloQI~jOns . 

The ex~ndertaken here have established the suitabll1ty o~ a 

novelty-preference fIxatIon procedure for testing mfants' ability to categorize 

auditory patterns Perhaps future research will determme that the technique is 

also useful for conductmg speech categorlzatlOn studles 

The present method is especlally appealmg for evaluatmg mfants' abl11ty to 

form categorIes wlthout training. Non-training procedures seem more appropnate 

for tapping natural tendencies that mfants mlght have for organlzmg st Imull 

along partlcular dImensIOns. 

The present fmdmgs wlth 1 O-month-olds along wlth Colombo and Bundy's 

(1983) success usmg a Slm1 Jar procedure wlth 4-month-old Infants together 

~ Indicate that the·novelty-preference fIxation technIque IS effect ive across a wlde 

age range. Thus, the method should permit a dIrect comparison of categorlzation 
• 1 . , 

skills in infants of different ages Of course, the differences between the present 
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procedure and Colombo and Bundy's should first b~ investigated. In particular, 

the implications of presenting familiarizatlon stimuli elther contingently or 
~ 

noncontingently upon visual fixation of the displays should be exammed. The 
\ '. , 

advantages of mak10g stimulus presentation' contingent upon visual fixation were, 

mentioned earller, but it remains to be seen whether young infants could adapt to ' 
'-

this procedure. 

The method used here aIse enrbles the study of infant categorlzation both 

on t(e basis of relative and absolut~ simllarity judgments. Novelty-preference 
1 

scores were used as an indication ~f categorization based on a relative 

similarlty judgment. That is, novelfy-preference scores were an indication of 
o 

infants' interest in a new member of a faml1iar category in relation to its 

interest 10 a member of a nov~1 category ln contrast, the analysis of babies' 

first-test look IS a measure of categorlzalion based on an absolute siml1arity 

judgment. First-look data asses ses mfants' interest in each test pattern relative 

to the famll1arization sequence, but Independently of each other. The present 

research yielded concordant results usmg bath types of measures suggesting that 

infants' dismterest 10 the new famillar-contour test pattern was not due solely 

to the overVl,helmmg Interest in the novel-contour pattern 

Cl jnjcal Relevance . 

As wlth most baSIC research, It is difficult to predlct how studles on 

infant categorlzatlOn mlght eventually have c)1niéal relevance Certamly, any 

research that contributes to a better understa~ding of audltory percept ion and 

language skills in infancy may help in the development of assessment and 

treatment tools for related dlsabiJities. Furthermore, categorization paradigms 

--------~-~-~- -~-~ _. ... -
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'. may be useful for assessing mefltarabtltties. l'her~.has·been tncreasing interest 
, . 

in tÎle use of non-psychometrie instruments to eva1uate infants (see Bornstein, 

1965). For e)(ample, jnfant~· performance within habituation procedures have"'" , 
, . 

" ' 

been shown to predict future scores on intelligence tests (e.g., Bornstem & Ruddy, 

1964; Lèwis, Go1dtJerg & CampbeJJ, 1969; Mi11e:r, Sp;ridHiô~zi, Ryan, CaHan & 

/ McLaughltn, 1980), and clinica1 populations perform differently from normal . 
infants in su ch paradigms (Barnet, Ohlrich & Shânks, 1971; Cohen, 1981). To 

date, such measures as rate of habituation, amount of. habituation, and 

~ dlscriminatory ski1'ls have been of interest. It is possible, however, that tests of 

categorization will prove to be supèrior indicators of cogn1tjv~ functioning early, 

in life. Iv 
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Footnotes 
" r 

1 Categorization of voices on~ the basis of gender has also been successfully 

studied using Kuhl's training procedure (Miller, Younger, & Morse 1982). 

, 2 It 1S worth recallinglhat the working definUion of categorization 1S 

"treating discriminable stimuli equiva1ently: Hence, if two stimuli are treated . 
equivalently because they cannot be distinguished (i.e., because thQy are 

perceived as identical rather than simllar). this would not constltute an instance 

of categorizat\on. i 
\ ,~ " 

3 ln fact, researchers have aften pr~ferred to study phonetic categories 
J 

that have not as yet been defined in terms of stable acoustic properties 

- Categorization of such stimuli is taken as an example of the more impressive 

ability ta group speech signals açcordmg to abstract properties'rather than 

simply on the basis of acoustic cue~ ( Kuhl, 1983; Katz,& Jusczyk, 1980). 
\ . 
i 4 Severa1 experiments have shown categarical perception of non-speech , 

sti~ulî in infants (Jusczyk, Pisoni, Walley & Mu~ray, 1980; Jusczyk, Rosner, .1 
CutUng, Foard & SmIth, 1977) but, as menHoned, it 1~ questionable whether thls 

phenomenan should be considered categarlzation. l, t 

5 After thlS research was' undertaken, Colombo and Bund'f,.( 1983) deve loped 

a version of a sÎmlJar paradigm that i5 appropnate for use with infants between 
\ .,. 

1 and 4 months of age. Thelr paradlgm will be adO'ressed more fully ln the 

discussion of thlS study 

6 Fisher tests of the homogeneity of variance w~e condu~ted ï'fior to . 

. . '" 

undertaking ANOVA's jn studles 1,2, and 3. Unless otherwisè noted; these tests 
- - . 

, 
1 

. 
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ylelded insignif~nt findings (p>.10). Also, in each case. prelimlnary AOOVA's 
, 1 

/' 1 
were condueted w~th Sex as a between-subject factor Unless otherwise noted, , 

no sigmficant eff~C,ts due to Sex or interaetlOns with Sex were obtained Hence.' 

the an'yses were r~è:ompureà wlthout Sex as a factor and there eomputed 

" analyses are reported here 

7 Since virtually all the proPnov values were wlthm the range of 20 to .80 

for studles 1,2, and 3, It was not neeessary to transform these values 

8 Both the absolute frequeney values of the tones and the frequency ratios 

of sueeess Ive tones were varled aeross sequences 

9 The wave form of atone refers to the mtenslty welght 1Og5 of the various 

harmonies levels of the tone 

la It IS Important to dlstmgUlsh between the terms frequency and pltch 

Frequency refers to the repetltlon rate (1 e, the number of perJods per second) of 

the wave form of a sound ln contrast, pltch 15 a subjectIve quallty that cannot 

be measured dtrectly. It IS the attrlbute of audltory sensatIOn that enables 

sounds to be ordered on a musIcal scale (Amerlcan Standards AssocIatIon, 1960) 

For pure tones, the pltch value corresponds to the frequency 'of the tones, but for 

periodlc complex tones, It general Iy corresponds to the fundamental frequency 

For research wlth 1Ofants, the term frequency contour may be more approprlate 

than pltch contour, because there 15 no eVldence that bables percelve pltch (see 

Bundy, Colombo & Smger, 1982) Hence, the term melodlc contour used here 

refers to frequency contour rather than pltch contour The term melodlc conto,ur 

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

( 
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research concerns the freQuency contour of melodles rather than other auditory 

signaIs 
1 

'11 The ,data of one of the 24 ongmal sub jects could not be used since the 
~' 

vldeotapes of this sub Ject was accIdent Iy ,erased - j 
12 The orlg1Oal analysls that also mcluded Sex as a between-subJect factor 

yielded an unexplalnable slgniflcant mteractlOn of Famil tarizatlOn Cond1tion X 

Sex. 

13 A test for a natural, rather than a novelty, preference was used ln part 3 

for the foJlowmg reasons PreVlOUS studles mdicated how difflcult It IS to 

obtain acceptable data from an infant 10 two consecutIve famll1anzatlOn, 

procedures A shorter natural preference procedure was expected to be less 

taxing on infants PIlot mg sugge'sted thal ~~bles natura 1 Iy prefer sequences 
~. . 

possessmg the wav,e form wlth welghtmgs on the'higher"'harrnoKIEs (I-e-,o W':;)n.-

Thus, the technIque seemed appropnate to demonstrate dlscrlmmatlon of 

sequences on the basls of wave form ' 

14 Pearson product mgment corre·lat JOns wftT'e conducted to determ ine if 
"' 

infants' performance during the test phase was related to demographlc variables. 
, .-

No sigmflcant results were obtained 

\' 

, -
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Appendtx A 

. Consent forro 

McOill University 

Psychology Oepartment 

CONSENT 

1 agree to aHow my baby _______ ---.' to be observed in the 
1 

stuâf of fnfant perception at McGi 11's Psychology Oepartment. 1 unQerstand 

the following: 

1) The purpose of the study is to1ffid out how babies learn about sounds. 

2) Sounds and visuel disp lays will be presented to my baby. 

3) My baby Wll1 be observed with a video camera throughout the procedure .. 

4) The procedure Ms been designed with my batry's safety in mind. 
" 

5) 1 wm hold my baby during the observahon. 
f . • 

~ -
6) 1 cao 8Sk to s,top the observation at an'{ Ume. 

7) The results of the experiment wi11 be sent to me when they are,. 

8Vsilable. 

Witness: _' _______ 5igned: _______ ~ 

'\ 
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·Appendix B 

Demographie Information 

Subject -: ___ _ Date of Birth : __ _ Today's dste: __ _ 

The following information would be helpful to us for soalysing the resutts of 

our st~. Your answer-s w111 be held in the strictest of confidenœ. 

1. At birth my baby's weight W8S: ____ _ l ' 

length W8S: ____ _ 

2. My baby's due date wss· _____ _ 
~ 

3. Were there env complications in the delivery?, ___ _ 

Ifyas, pleasa œscribe - (for exemple, did the mother have a Caesarian? etc.) 

4. Ooes the baby have 8Ir"/ brothers or sisters? 

brother Isistër datI! of birth 

1. 

2. '" 
3. r 

5. ~ of Parents: Mother-

Father -

. 6. Parents" ci::cupations: Mother-

FeUler -

7. T ota1 number of years of parents' education: MoUler-

Father -

. . 



o 

; 

" 

o 

\ 

8. Are there env he8r1ng problems in your extenœd fem1ly? _____ _ 

If so what k1nd? ________________ _ 

9. Hasyour baby tllIfany hearing problemsor infections? ____ Ifyes, 

how many? ___ and when dfd they occur? ________ _ 

10. HaN 15 your b8by's ~lth tOOsy? ___________ _ 
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. Appendlx C 

DemQgreQhlC Informetlon'fQr Study..2 14 

Cotegory Meen so Mlnimum MaxImum 

Blrth Welght (gm) 3314 1 4366 26365 40540 

length at Bl rth (cm) 516 28 463 56 ~ 
\\ 

DI fference bet ween due -6 1 10.6 -24 10 
dotel ond dote of blrth (do~s) 

Plecer.!Lent 10 femlly 15 0.7 3 . 

Age' 
Mother 30,6 47 24 39 

Fother 33.3 75 25 61 

Bllshen end McRo~ert 's 
53.8 27 SOCloeconomlC tndex 16.6 75 

Veors of schooll ng' 
Mother 157 3.4 1 1 21 

( 

Fother 15.0 3.5 11 . 21 

; 


