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ABSTRACT

t/"
This study presents an acoustic investigation of

no —cry“vocalizatioﬁs produced by Cantonese and Enélish
infants between the ages of éix gnd.pleﬁen.months qftert
birth. The purpase is to determine whether Fhere is a
§ignificahj difference in the intonationﬁbontours of
the infants thaf could, be attributed to dissimilarities
}n“the~suprasegmental patterné of adult speecﬁ in these
two langugégs. The infant VQPaiizations-are compared with
respect‘to é;rtain acoustic parameters.

The results shew no -evidence of“language~specific
patterning in the intonation contours of the  Cantonese
énd English infants. The findings do however illustrate
certain developmqntal trends in the infant utterances.

In addition this study provides some information about

the number of utterances required for a representative’
4 . P £

. @ample of infant vocalizations. .A meed is suggested for

further re%earch on the acoustic paramete}s that.charag-

terize adult and infant utterances in different languages.

3
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1l Introduction

-

CHAPTER 1 ' o

Introduction . . o

dren there seems to be little diffidulty in

* gegmenting utterances into sentencelike chunks,
regardless of the intelligibility of the utter-
ance to an adult listener. On the basis of this
evidence I have hypothesized that pitch or into-

.. nation patterns may be the signals perdeived amd
that these are learned early, perhaps 1nde en-
dently of the segmental phonemes.’ "

"In lletem.ng to the recordings of qoung cha.l—

, _ . (Welr 19661153}

Many people have speculated about the relationéhip‘ =
between an infant's early utterances and the acquis%tionl
of his native tongge. ‘Most have .assumed that dnring the

first year after birth infant vocalizations(l) are not

dlfferentlated with respect to any partlcular languages

Lieberman et al. (1972) claimed that the speech articula-

tione of early infancy are highly constralned by the shape
of the neonate 8 supralaryngeal vocal tract. Thus the
infant is not capable of produc1ng the articulatory ges—
tures of adult speech in the immediate post-natal perlqd.'-
Jakobson (1968) claimed that by the time the infant reaches
the babbling stage (six to twelve months after birth) he

is capable of produc;ng all the’ phonemic segments of

adult speech. Yet even at this time language .Aacquisition

is apparently unaffected by the particular language that

_the child is exposed to. As Jakobson (1968:48) said,

L

."Whether‘lt ig a questlon of French or Scandina-
_vian children of English-or Slaviec, of Indian or
- German, or of Estonian, Dutch or Japanese chil-

O
-»



dren,. every description based on careful obser--
vation. repeatedly confirms the striking fact

that the relative chronologlcal ordér of phono-
logical acquisitions remains everywhere and at .
all times the same." . . Y

'y

This clalm suggesta that the chlld's production of

segmental phonemes is govirned @ a universal order of

'acquisltion.3 .According to~thls hypothesis the infant's

early speech prodﬁctions are not influenged by the

language he is exposed to. Thus the child's utterances

cannot be identified w1th any partlcular language durlng

" the first year after blrth.

This hypothesis was supported by the results of &

_B%udy conducted by Preston'and Port (1968). They inves-

thgated gn American infant's productlon of aplcal stop

+

-qonsonants ( /t/ and /d/ ) and determlned for 8ach conso-

nant—a value for voice-onset-time (VOT).(z) Preston and
! . : . * *

Port found that at ten months of age the predominant mode

Pl : . . :
of production for apical stops centered on a value of VOT

Fhat is characterlstlc of the Engllsh phoneme /d/. They
found that the two modes of VOT that characterize_the /t/
V8. /d/ dlstlnctlon in English, were not clearly ev1dent
in the child's productldn of ap1cal stops until twenty-

two months after birth. Thus the infant's acquisition of

* the phonetic¢ distinction that differentiates these adult

o™

phonenes occurred well after the first birthday.

This ev1dence supports the notlon that infant speech

' productlon during the flrst year after birth 'is not 1nf1u-

enced by the particular language that the child is exposed

;-



utterances of Cantonese,

- tive pltoh patterns. As she said,
4

S ol
to. Consequently the claim is made- that infant,éocali—.

zatlons durlng the .first year are not language speclflc(B)
with respect to the segmental phonemes of speeeh.

There is evidence that thls claim is not correct
with respect to the suprasegmental features of speech.

Ruth Weir (1966) was the first to claim that the vecali-

~zations of infants from different linguistic comﬁunities

could be identified by their language-specific intonation
patterns-. She repgfted 7 study in which she recorded the

Rus81an and Engl;sﬁxlnfants

,between the ages of five and seven months. Wexr clalmed

that the Cantonese infants could be 1dent1fled by dlstlnc—

, b
- "One Chinese infant, recorded first at five-and--
one-half and then at six-and-one-half months,
shows in. the second recording a Pery -different-
pattern from the Russian and American infants.
- ~The utterances producéd by the Chinese baby
are usually monosyliabic and only vooallc.w1th
. much tonal variation over{individual vovels...

-

' The Russian and Américan babies, at six and

seven months, show ‘little pitch variation over
individual syllables...?

-

[ (Weir 19661156)

Thus Weir clalmed that the vocallzatlons of Cantonese

infants could be dlstlngulshed from those of other
languages by dletlnct}ye lntonatlon'patterns. This
led her to ask when these distinctive intonation patterns

are acquired. . .o o o 4

—

. f “ . ' . ‘ - . /‘ '..
. N - e . :

>



.culture. - These reports gav

' In'answer to this question David_Cryetal (1973116)
discussed what he called the foneet of ianguege-specific

pattérning"” in infant vocalization. He said that the:

most likeiy period for the emergence of such features

in production.)s 8ix to seven months after birth. He
claimed that one.could test this hypothesis by analyzing
the vocalizetione'of infants from different linguistic ,
cbmmunitiee using a sound spectrograph. Crystal suggested
that:after seven months,of age the spectrograms of Welsh
and English chll/re would begin to show regular and
quantifiable differ:;%ee. Furthermore he claimed that

these differences could be correlated with adult auditory

-

Jjudgements-about the native 1anguage of each 1nfant.

Crystgi's h othesis was supported by the claims of

Hirsh (1966) and Mehler (19 ‘Hirsh referred to a-
study by Tervoor', a Dutch phonetic1an. who repprted
that Dutch eollege students eould distlnguish the - ‘
babbling of'Dutchbfrom"non Dutch infants at six months
of age. No infermation u'-,zroﬁﬁded about “the languages
of the non-Dutch infgnté,'excébt that/ﬁéne was a .tone

language. Mehler (1971:1163) referrgd -to a study in
which he recorded children ‘of Eng"

h families living

in Argehtina and those of fauil' )
~ . X

States. -He ¢laimed that as eg

8 living in the United
fy as six months there were

"clear differences in 1nt ation" between children being
- 3 o

raised in an English cultite and those in a forei

Yeredence to-Crysté 8 hypo-

4
. -
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thesis that the onset of language-specific patterning

can be detected by’ adult auditory judgements of 1nfant
vocalizations between 51x and se?en months after birth.

. The research of Nakazlma (1966) presented a différent
claim about, the age at:ﬂhldﬁ langumge spe01f1c patternlng

is first evident. This study invoived the spectrographic(?)

analysis of the vocalizations of six Japanese -and four

* American infants from birth to fourteen months of age.

Nakazima claimed to observe differences in intonation

-

between the Japanese and Ameriecan infants starting at

twelve months. However he did not elaborate about the
nature of these differencegbhnd did not present spectro-
graphic evidence to confirm them. Nevertheless he did

" : ) ’
claim that it was the influence of the adult language

systems_that caused.the differences in the, intonation ~

a2

patterns of the infants. at twelve months of age.
A study by Olney and Scholnick*(1976) presented
evidence to suggest that\}anguege-specific patterning

is not present in infant speech production even as late

as. eighteen months after birth. ‘These researchers record—

»
ed the vocaligzations of a Cantonese and an” American in-
fant at six, twelve and eighteen months of age. They
presented samples of these recordings tq\fgflege students

and asked them to judge whether they were produced by a

. Cantonese or an American child. The results showed that

the students were not able to judge the 1inguistic_commu- a

. N L] .
» - _J/
-é”'\ . ‘ U
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. nlty of the vocallzer at any of the three age groups._

‘These flndlngs suggested that language epe01f1c pattern—

ng 1s not ev1 in 1nfant vocallzatlons even as late.
1gh een mo thsjjfter birth.- ‘

. "

It is clear from this cursory.review of the litera-

ture that there is‘some'eohtroﬁersy concerning the in-

- fant's acquisition of the intonation featurés that are

characterlstlc of the language he 13 learnlng. There °

-are some claims that by SEVen months of age the child

has acqulred some 9§ the 1ntonat10n-patterns—that are

unigque t¢ his native languege. Others state that such

language-gpecific pattern1ng~1SHnot ev1dent ;Nﬁll twelve
C

months after birth. There are stlll others who clalm

that the vocalizations of 1nfante.from different language

communities are not discriminable even at eighteen months.

of age. | : , X o B

-

In view of this controversy it _seems appropriate to

1nvest1gate the 1ntonatlon patterns of infants from

different llngulstlc environmen This thegis presents

such_an 1nvest1ga ¢ on. More ec1ficaily, it ie'a compa-
rison of" the vocalizations of linfan'ts from two different
ianguage communities -- Cantonese and Eﬁglish. In parti-

culer'it will deal with two acoustic parameters that play

an important role in defining intonation patterns -- the

fundame®tal frequency (FF) of laryngeal pulsation and the

duration of an utterance. In this study an attempt will -

\97
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coern
be made to elucidate the differences;uif,any,fﬁetween

. the intonation patterns of .Cantonese and English infants..-

.~

-

4 -
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“1.2- Review of the Literature

S . . t 1
L]

.-

"This section presents a brief review of the research

that has been conducted to investigate the process of

language &tau%sitiqqfia infanté,. fhé_fiist topic to‘be.
discussed is  ‘the infant's ability to perceive linguistic
stimuli. 'Evidencé will be presented concérning the chi}é'é'
auditory.capacity and his perception of the segmental aﬁd
suprasegmental feafures o£ adult speech. The second topic

deals with the infant's ability to produce vocal utterances.

. Particular emphasis will be given to the development of the

infant larynx and its ability to control the fundamental.

frequency.of phonatioﬂ. The next tﬁo topics'will be a

- discussion of research about the acoustic'parameters that

characterize infant cries and non-cry vocalizations. The’
final topic of this section will deal with the infant's
linguistic environment. - An a%tempt will be made to iden-

tify the differences that may exist between the speech used

"by English and Cantonese parents im addressing their infants.

*In coneclusion, the research discussed in the literature

review will be related to the specific problem of determin-
ing the onset of language-specific patterning in infant

vocalization.

1.2.1 The Infant's Receptive Capacity \
’ Any study of languége acquisition in infants must
take account of their ability to hear and perceive lin-

guistic stimuli.

"\.
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1.2.1.1 Auditory Ability

The infant's—auditory mech‘ jem, like the adult's, .
is composed of three basic parté (theFo ter, middle and .
inner ear). The outer ear serves to cpllect sound pressure
waves'énd concentrate them on the tyﬁpanic membrane. This
membrane converts atmospheric pressure waves into mechani-
cal vibrations which are transmitted via the emall bones
of the middle ear to the inner ear. At this point the
mechanibai viﬁrations are converted into hydraulic pulsa-
tions 'in the fluid-filled cochlea. Fluid waves in the
cochlea impinge upon hair cells which are inaCAntaqt with
endings of the auditory nerve. Sound impulses are trans-
mitted to.the cerebral cortex via this auditory mechanism.

Eisenberg (1976) reviewed the anatomiq;l and physio-
logical studies that document the pre-natal development -
of the huﬁéﬁ auditory system. She claimed that the full-
tgfm‘infant is born with "... at-least some of the mecha-
nisms he will need to organize his auditory world" (19761
11). This claim Was_pased on studies of the hearing mech-
anism in the human fetus. Eisenberg cited reports that

demonstrated cochlear function as early as the fifth fetal

month. She also presented evidence that the auditory nerve

celds begin to myelihate during the sixth fetal month, and

that in the full-term ‘paby éven the éuditory cortex of the
brain is medulated. FuXthermore, she said that the fetus

has been shown to be respynsive to pure tones and other

sounds. Based on this evidénce Eisenberg claimed that



-

]

~

evequed ahdit&%y-{_

the normal infant is born with a well Q\

mechanism., . -~
The ability of this audi}ory‘mechanism to perceive .
linguistic stimuli.hge been the subject of?%bnsideggble

investigation.

1.2.1.2 Perception of Phonetic Segments .

Much ;esearch has been done in recent years on the
infant's ability to discriminate the phonetic cgntrasts
that are preseﬁt‘in aault speech. 'Juscz§k (1979160) h;g

claimed that "... infants are able to perceive a wide

. variety of phonetic contrasts long before they actually

produce these contrasts in their own babbling." 0One of
the‘studiés.that supports this claim is that of Eimas
et al. (1971). | . -
These researchers investigated infant diserimination
of voice-onset-time (VOT) in synthetic tokens of iﬁitial
stop consonants. Eimas gz_gi. examined the discrimina-
tion of VOT differences by one-month-old and four-month-
old infants. They presented the infants with pairs of
synthesized auditory stimuli. For each pair, thé two
stimuli differed from each other by 20 msec of VOT. The
members of one pair of stimuli were chosen from different
hOT categories (i.e., +20 msec /ba/ vs. +40 msec /pa/).
The other pairs consisted of stimuli chosen from the same
VOT category (i.e., ~20 msec /ba/ vs. O msec /ba/ or
+60 mseéc /pa/ vs. +80 msec /pa/). lEimas et al, used a
high-amplitude sucking technique to test the infants®
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dlscrlgigétlon of the ‘gtimulus palrs. Dls?//ylnatlon was
inferred from an 1ncrease in sucklng rate upon presenta-
tion of the second stimulus lq eagh pair. The results
howed\ghat_both one-month-0ld and fou?—monfh401d infants
discriminated the between-categories pair (/ba/ vs. /pa/}
but that neither age group discriminated the within-cate-
. gories stimuli (/ba/ vs. /ba) or /pa/ vs. /pa/)., On tﬁe
basis of these results, Eimas et al. clalmed that the 1n-
-

fants could dlscrlmlnate dlfferent values of VOT in a

manner approximating the categorlcal perceptlon of initial

stop consonants by adults.

Many studies have been carried out to test the infant's

. ability to discriminate other phonetic contrasts. In summa-
‘rizing this research, Jusczyk (1979) claimed that infants

as young as two months can discriminate-phpnetic contrasts
in stop consonants, fricatives, liquids and vowels. Con-
sequently he claimed that "...the iﬁfant's discriminative
capacities for speech are very well devéloped by the time ‘
"laﬁguage learning is thought to begin." (Jusczyk 1979:61).
This claim suggeﬁgs that the infant's ability to-pérbeive
the phonetic segments of adult speech is acquired at a

remarkably young age. a

1.2.1.3 Percgptign of Suprasegmental Features

Similar claims hase ?pen made about the infant's
ability to perceive diffefént intonation contours. iewis
(19361473) étated that "...the ¢hild's discrimination of

intonation in the speech that he hears is an essential

P

e
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feature of hié acquiremeqt of language." He said that

the infant perceives three characteristics of Intonation ..
in’adult speech: 1) its acoustic quality_(whefh@? it is
harsﬁ or meléd&ous): 2) its expressive quality (fegtures
determined by the speake?'s affective state); and 3) the v
features éiven”to it by convention.(s) Lewis claimed .%“
that thése characteristics of adult intonation are per-
celved by the infant even‘befogg the child can discern
the phonetic form of an utterance. *

* A number of studies have investigated the infant's
perception of suprasegmental features. Among the first
of these studiés was that of Eleanor Kaplan (}970) who
conducted an experiment to test infant perception of "
different intonation coﬁtours. The test. stimuli consisted
of two utterances of the sentence "See the cat." One
utterance had a falling terminal pitch confour; the other
had a riging contour. Bbth'stimuii had normal stress
Rﬁfterns. The sentences were produced by a‘"weli—prac—

ticed female voice." They were presented to groups of

four- and eight-month-old infants for discriminatioh within
an habituation—dishabituation.paradigm. Discrimination of
the auditory stimuli was inferred from dishabituation,

which was determined by monitoring the infant's cardiac
activit& and orienting behaviors. Kaplan found that the
eight-month-old infants were capable of discriminating the
falling and rising pitch contours. The fpur;month—old

infants, however, did not show evidence of this ability.
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'fKaplan'concluded that by eight months of age infants can

- discnéﬂiggte betwegn the falling and rising intonation
contours that charactefize statements and questions in
normai.American-ﬁnglish speéch. _

Similar research Wés conducted by Morse.(1972). He'
tested the ability of two-month-old infants to discrimi-
nate intongiion contrasfs‘in monosyllabic words. The
test stimuli were synthetic'tokens of the word /ba/.

One token had a risipg terminal FF; the other had a
falling terminal FF. Discrimination of the test stimuli
Qas determined by means éf the non-nutritive conjﬁgate
sucking procedure. ‘Changes in the rate of high amplitude
sucking revealed that the' two-month-old infants did dis-
tinguish beétween the twe stimuli. Morse claimed that this
was evidence of the infants' ability to discriminate the
.écoustic cues for intonatién.

Spring and Dale (1977) used a similar method to inves-
tigate the discrimination of differeﬁt stress patterns by
infants. They pfesented one- to four-month-old infants
with two artificially synthesized disyllables (/babh/ and
/YAba/) which differed solely in the location of perceived
stress. This percéived stress was a manifestation of
differences in FF, intensity gni duration between the two -
syllables of each disyllable. Spring and Dale used the
highfampiitude sucking procedure to test discrimination
of‘the two stimuli by sixty subjects. They claimed that

their results illustrated the infants' ability to discri-

e

-



.
N
minate the acoustic correlates of stress location. .
This study, along with those of Kaplaﬁ and Morse,

iilustrated the'infant's ability to perceive different
intonétion contours and stress patterns in adult speegh.

r"_h_\}his abilify, in conjunction with the capacity to perceive
phénetic sggments, ig a prerequisr&?fbr language acquisi-
tion. The aforementioned studies indicated that this
linguistic prerequisite may be acquired by the infarnt

during the first few months after birth.

-1.2,2 The Infant's Productive Capacity

Since the present study is an investigation of the
intonation contours of infant vocalizétions, it is impor-
tant to examine the primary source of sound excitation in
the vocal tract. This section will present a brief descrip-~
tion of the infapt larynx .and its reole in producing fluc-‘
tuations in fundamental freguency over the course of an
utterance. @

1.2.2.1 - Productive Capacity of the Infant Larynx

The infant larynx is a relatively soft and pliable
organ composed of cartilage, ligament and muscle which .
rests at the top of the trachea. The vocal folds, situa-
ted within the larynx, are the source of phonation. .
At birth the vocal folds are relatively small. Yet
their rate of growth éﬁring infancy is quite'rapid; The
. length of the folds in relation to the antero-posterior

diameter of the larynx as a whole is 1 to 2.3 at birth.
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This froportion decreases r'apidly to 1 to i.s at niné
months of age. It remaiﬂ? constaﬁt thereafter K? the
female, but lowers still further to 1 to 1.3 in &he maie ]
at puberty (Préssman and Kélémen21955:599). Tnechtual
length of Ehé vocal folds in;rédseé‘from 3 mm at birth
to 5 mm at two months, 5.2 mm a%'nine months, and 5.5 mm
at one year of age (Kaplan 19?1:246).(6) These figures
indicate that the growth rate éf the folds is qﬁite )
rapid during the first few months after birth. By the
end of the #£Irst year, however, this rate of growth has
sléwedﬂzgnsiderably.(z)
The length of the vocal folds is jpportant in deters
mining the fuﬂdamental frequency of phonation. Yet it is
. not the only factor: The frequency of laryngeal vibration
" is also determingdﬂyy the thicknegs and tension of the '
folds, as well as-by the subglottal air préséure.
Lieberman’(196?:%3).claimed that, in the vocali?ations
of newborn infants, fluctuations in fundaﬁental frequency
(FF) are determined primarily by variations in subglottal
air pressure. &n a study of the cries of thirty neonates
he found that the shape of the FF contours was similar to
that of the eéophageal préssure (én indicator“of subglottal
air pressure). He sald that during infant cries the funda—‘
mental freduency rises initially as the subglottal air

pressure builds up. Then the FF remains level or slowly

falls until the end of expiration, when it abruptly falls.



typical risé*fall FF contdur that cheracterizes infant °

cries.

These findihgs euggee that the neonate does not vary
the tensioﬁ of the vocal folds during phonation. Instead
the newborn merely malntalns the tension of the laryngeal
‘muscles at or neart}he tension they had at the start o
phonation. As a result, fluctuations in FF are controlled |
by changes £345ubglottal alr pressure. i | o

At some pglnt during the first few months after birth
the infant begins todectively manipulate the laryngeal
muscles to change the tension of the vocal folds during
'phonatlon. This is evidenceéed by the appearance of vecall-
‘zations with a risinglterminal FF. 1In these utterances the
subglottal air pressure decreases at the end of expiration
while the FF increases. In order to produce such an utter-
ance‘fhe infant must increase the tension on the vocal folds .
" while the subglottal air pressure is falling., This increased
"tension on the folds is caused by the action of various
laryngeal muscles (Hardcastle 1976:85).

The age at which the infant gains control over  the
action of these laryngeal muscles is.uncertain. In a study
of the vocalizations of thirty Russian infantp; Tonkova-
Yampolskeya_(1969:132) found that utterances marked by
flnal rising FF contours did not appear until the seventh

moﬁth after birth. Fowlow (19751163), in a study of eighteen
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Eng;ieh infantsy reported the occurrence of ﬁbcalizations;’
“with final rising FF contoﬁrs as'early as ten'weeks after
birth. This evidehce suggests that the infant Begins. to
*eontrol the activity of the-iaryngeal nuscles sometime
before the end of fhe'thiﬁé month. This laryngeal con-
trol allows the child to vary the FF of ﬁhonatioﬁ indepen- -
dently of the subglottal air pressure. The fact that this
ability is mastéred soon after birtg is an indication of

the early onset of cortlcal control over the speech organs.

Thls cortical control of laryngeal activity is a prerequl-
site for language acqulsltlon. . o~

" 1.2.3 The Infant Cry

-

The neonatal cry is the first utterance produced by-
. the newbb;n-infant; For the first few months after birth
the cry continues to dominate the.infant's vocal reper-
toire. Much work has been done on the commun?cative
efficacy of thef;;;ent cry. In reeenﬂ'years the cry has
» ‘also been studied with respect to the clues it may provide

about the presénce of certain cerebral and auditqry dys-

functions in e infant.

1.2.3.1 Studies\of Infant Crles

' One of the glrst recorded observations of 1nfant
vocalizations was made by Gardiner (1837:193) who claimed
that "... children have ﬁo difficulty in expreseing their .
wants, their pleasures, and painé by their cries long be-
fore they can speak or understand the meaning of a‘-word."

He described the calls and cries of both humahs and animals
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by means of musical notes. AccOrdingtto Gardiner the
tones of infent crying generally lie between the notes
A and E'in-the middle-of'the piano keybdard.

One of the first a?oustlcal studies of infant cry
was reported by Fairbanks (1942) who conducted an inves- 4
tlgatlpn of the pitch of hunger wails produced by his |
infant son between the ages of one and nine months. The
. fundamental frequency of the crles was measured by an
.1nstrum nt_that eXxtracted FF from pﬁonogra h_recordlnés.~
The ave:;;;\FF-of hunger &ries was reported by Fairbanks_,.
to be at a re%etively low value of 373 Hz at one mo;%h‘of
age. It rose tora high of 814 Hz b& five.montﬁe and had.
dropped to 640 (Hz at nine months of age. This study was
among-the.first : analyze infant vocalizations using

. A 3
acoustic. instruments.

L.

- Lynip (1951) was ,the first to study infant cries
'u81ng a magnetlo tape recorder and ;”SOUHd spectrograph.
He recorded and made spectrograms of the vocallzaylons of
an infant during its flrst year after birth. This investi-
gation 111ustrated the rlch amount of 1nformatlon that
could ‘-be obtained by a spectrograpalc analysis of infant

cries, The Spectrograph has been used in many studles

since Lynip's ploneerlng work. :
' Ringel and Kluppel (1964) used.a spectrograph and a
sound level recorder to obtain normative data for the _

following parameters ofj%eonatal crys fundamental fre-

\
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quency, Wrmonic spectrim, sound préssure level and .

duration. They analyzed the cries of ten infants

A ranging 1n age betwken four and forty hours after birth.

Their results Showegl that different cries pgﬁﬁced by - the
same neonate did not differ significantly from each other

with-&éspect to FF, 'sound pressure level or duration.

However when comparisons were made between different

neonates for FF and sound pressure level, significant

_ differences did exist.

In an efforty to 1nvest1gate different types of
neonatal crles, Wolff (1969) made a spectrographlc ‘
analy31s of the vocalizations of eighteen infants during
the first month after birth. He identified four basic
cries (hunger, anger, pain and frusfration), each of
thch had a uniqqg 5pectrogranhic shape. Wolff con-

cluded that neonatal crying patterns were not random

¢

eipressions of distress. Furthermore, he claimed that

in éelected instances one could, by direct observation

and spectrographic analysis, infer the pnovoking cause

of an infant cry from its spectral shape (Wolff 1969:109).
- A similar study of infant cries conductgd by Murry

et al. (1977) produced somewhat different results. Murry

et al. used a visicorder to determine the average FF of
the cries of eight infants (four boys and four girls) be-
tween the gges of tbree and six months. The cries were

evoked by three different stimuli: the snapping of a
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rubber band against the fooi (pain);'the sudden presen-
tation of a loud hoise (startle); and the withholding of
food at feeding time (hunger). The results of 'this study
showed no significant qifferences in mean cry FF as a
function of the infant's sex or the cry-evoking stimulus.
> TheSe results would seem to contradlct Wolff's claim
 that the provoking cause of infant cries can be determlned

-

by thelr gpectro th morphology. No contradlctlon

ex1sts howevery because Murry et al.lexamlned only one
of the ma " acoustic parameters used Eg Wolff to descrlbe.
infant cr¥es. Wolff's analy51sl1ncluQed measures of dura-
".tion within and between cries, as well as dynamic fluctua-
tions of FF. The apparent discrepancy between the two
studies may be accounted “for by the dlfferent analyzing
techniques used. Wolff's spectrographic analysis yilelded
ricﬂ information about several.acoustic parameters. The
"visicorder used by Murryngtpg;.'proquced information about
only oné of the acaustic variables that characterize infant
cries; o ' _

The pioneering work of Wolff in identifying different
types of 1nfant cry by spe€ctrographie analysis’led to a
number of studies ﬁhlch claimed that infants with certaln
pathologlcal conditions could be.identified by a Bpectral

analysis of their cries.

Wasz-Hockert et al. (1968) were among the first to
demonstrate that a spectrographic analysis of pain crtﬁﬁr\

could be used as a diagnostic tool in paediatries. They
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analyzed 419 cry signals from 351 infants, énd used a.
spectrograph te measure fundamental frequenci. ,Uéing
this method they claimed to be able to distinguish the -
cries of children with cri du chat syndrome from. those
of normal babies. | : -
This method of paediatric diagnosis was further
refined by Vuorenkoski et 2l. (1971). They constructed
a new rating system called a “cry ébore"iin order to
assess the normality or degree of abnormality in the pain
cry of an infant. Tﬁe-crf‘écore was determined by'thir-
teen different acoustic parameters of the 5ainocrya Vup;
renkoski et al. combared the pain cries cof normal neonaﬁeé
to those of infénts with diseases affecting the central
nervous system (infracranial hemorrﬁagé, meningitis,
'Hydrocepbalgs), infant§ with respiratory ailments”(neo— -
natal aspryxia; respiration diééress syndrome), and.in—

fants with chromosomal abetrrations (13-15 an&-17—18~tri-

somies, maladie du cri du chat). The cry score was a

corréct indicator of normal or abnormal neonatal develop-
ment in ninety percent of thé 210 infants whose pain cries

were analyzed (Vuprenkoski et al. ¥o7Ll174).
‘ The spectrographic analysis of infant cries has also
been used to diagnoée children withihearing‘impairment.

Jones (1971)-studied cry samples from children under the

age of four years. The subjects coﬁsisted of forty chil-

. - A A e
T i iRt T I e a1y s, b T A T
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dren with severe to profound hearing loss and twe;ty-
four normal-hearing children. The cries were analyzed

for fundamental frequency, rﬁlative intensity and dura-
.tion. 'Joneé found that the youngsterg with significant
héaring impairment cried,at higher fundamental-frequencies
than normal-hearing children. These reéults'led her to
propose that "... the procedure of analyzing a brief
tape-recorded cry sample ... may proviée information to
aid in differential diagnosis of significant hearing loss
during the firgﬁ year of life" (Jones 1971:315)."

This claim was corroborated by'éhe work of Manolson
(1972). She studied the intonation patterns of demand
cries produced by iﬁfants between the first and second
year after birth. The subjects -consisted of ten infants
with a clinical diagnosis of mild to severe hearing loss,
as-well as ten normal-hearing babies. The cries were
analyzed with respect to the,contours of fundamental
f;equency and intensity. The results indicateg that for
é'dgmahd cry the hearing-impaired ihfanfs had significant-
1y more and significantly largér-FF chénges than did nor-
mai—hearing children. Furthermore, the hearing-impaired
subjects had significantly more intensity vériations than
norﬁal infants. These results concurred with those of
Jones in suggesting that the cries of infants may be
a source of information about-the integrity of the}r

auditory system.
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Thus 1t can be seen that the acoustic analysis of
infant cries yields information about the physical and
mental state of the child. In many cases one can deter-
mine the underlying cause of an infant cry by examining

its spectrographi§ shape.

1.2.4 Studies of Non-Cry Vocalizations

At some point during the first few months after
birth the infant begins to produce non-cry vocalizations:
These utterances gradually come to dominate the infanf's
vocal repertoire. They are the precursors of adult
spéech. 'Many investigations have studied these pre-
1inguistic_vocalizations.

;.2.4.1 Phonemic Studies

Many of the early studies of infant vocalization
were concerned With describing vocal output in terms of
the phonemic system of adult speakers. The aim of these
studies was to investigate the infant's acéuisition of
the articulatgry gestures that are characteristic of

-

adult speech.

An example of this research was reported by‘Irwin
and Cheri (1946). _They studied the vocal output of ninety-
five infants between the first and thirtieth month After
birth. The infants® speeéh sounds wére recorded by trans-
cription using the International Phonetic Alphabet. The
resul4s showed that the phonemic inventory at two months

of age was comprised of seven different adult speech

sounds. By thirty months_after‘birth the infants could

(S,

~
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produce twenty-seven of the thirty-five phénemes present
in adult ‘speech. _‘

Much eriticism has‘been levelled at this method of
- describing infant vocalizations. Truby (1970) claimed
that conventional phonetic'tfén5cription is inappropriate
for describing infant speech éounds. He presented evi-
dence from direct observation, X-ray motion-picture pho-
tography.and sound-spectrographic records to show that
the infant uses a variety of articulatory and sound gene-
ration mechanisms to‘zsgamplish what seem to be phonetically
similar vocal productions. Truby clﬁimed’that "+ the
representation of these‘performances using conventional
phonetic transaription.(the basis of which is, as stated
in adult physiology and anatomy) is demonstrably inappr ;
‘priate to the task of pre-speech sound evaluation." (1970
945)

Truby's claim was supporﬁéd by the findings of
Lieberman et al. (1971). These researchers made a spec-
trogréphih analys?i of the vocalizations of twenty normal
neonates during the first four days after birth. The
results showed that the infants did not produce the range
of sounds typical of adult speech. Liebgrman gj;g;. (1972)
attributed this phonetic inability to limitations imposed
by the neonate's vocal apparatus. They claimed that the
,suprélarynggal vocal tract of the newborn infant lacks the
well-formed pharyngeal cavity that is present in adults.
Furthermore, they said that this pharyngéal cavity ‘is ‘éj



- 25 -

necessary for the production of.the vowels /a/, /i/ and
/u/. Consequently Lieberman et al. concluded that the
necnate "... appears to be inherently incapable of pro-
ducing the full range of human speech.” (1971:718).

This fact would support Truby's claim that phonetic tran-
scription, based on adult physiology and anatomy, is
inadequate for describing infant vocalizations.

1.2.4.2 Intonation Studies - '

Many researchers have recognized the inherent weak-
nesses of phonetic transcription for describing infant
vocalizations. They have sought instead to analyze the
utterances of infants inaiéims of suprasegmental features.

Charles Darwin was among the first to claim that into-
nation is an important component of the communicative re-

) .
pertoire of infants. 1In a diary describing the language
acquisition of one of his own children he wrote the
following (1877:293): [ N .

) "Finally, the wants of an infant are first made
intelligible by instinctive cries, which after a
time are modified in part unconsciously, and in
part, as I believe, voluntarily as a means of
communication -- by the unconscious expression

of the features, -- by gestures and in a marked
manner by different intonations..,"

Darwin's observations about the development of commu -~
nicative ability.-in infants were, supported by the claims
of Lewis (1936:1151). Lewis said thaf as éarly as the
first month after birth a child will use different into-

nation patterns to express different affective states.



- 26 =

[
He claimed that adults can determine whether an infant

ig happy or unhappy based on the intonation contour of
his utterances. Leﬁis said that in early infancy intona-
tion patterns are "the chief WVocal means by which the child
makes us aware of his different moods." (1936:151)

This notion of the primacy of intonation featgres
in the vocalizations of infants has been confirmed by
the reéearch of Tonkova-Yampol'skaya (1969). She studied
the development of intonation in the vocalizations of
over three hundred Russian infants under the age of
two years. The utterances were analyzed on an electro-
acoustical device called an intonograph.@hich extracted
fundamental frequency and intensity over the course of
each vocalization. In addition to this analysis the
emotional state of the infant was noted for each utterénce.
Tonkova-Yamﬁol'skaya compared the intonation contours of
the infants to the structural patterns of intonation in
adults.

The reéults of this study showed that the infants
acquired different intonation patterns in a gragual manner
~during the first year after birth. Furthermore these

infant intonation forms approxipated the intonation' con-

tours of adult speech. The sults of the study by Ton-

kova-Yampol'skaya are summarized in Table 1-1.
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Table 1-1
ACQUISITION OF INFANT INTONATION PATTERNS

Infant Intonation Age of Comparable Adult
Acquigition Intonation

Discontent Birth ‘ " Discontent

Indifference " 2 months Assertion, Enumera-

" tion, Comparison

Placid Sound 2 months

Happiness 3 months .

Laﬁghter 3 months

Exclamatory 6 months

Delight

Expressive, 7 months Affirmation

Calm Cooing

Request 7 months "Emotional Request

Insistence 10 months Persuasion, Insis-

tent Command
<

Question 12 months Question

(Based on Tonkgva—Yampol'skaya. 1969)

As seen in the table the first intonafion pattern
acquired by infants was one of discontent. This was, the
typical crying intonation in whiech the fundamental fre-
quency and intensity varied together over the course of
the utterance. Tonkova—Yampol'ska&a claimed that this
intonation contour retained its meaning of discontent
even -in adult utterances.

During the firét year after birth the infants écquifed
nine more intonation patterns. In most of these intqpa;

tions, the fundamental frequency and intensity did not
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vary together. This differéntiétion between these two para-
meters was seen by Tdnkova-Yampol'skaya as evidence of
cortical control ove#‘the speech organé. In addition,
many of the infant infonation contours approximated thése
of adult speech. This observation was presented as evi-
dénce of verbal-auditory feedback in the infant's deve-
loping communicati#e system. On _the basis of this evi-
dence.ankova-Yampoliskaya ponéluded.that speech develop-.
ment in infants beginé with the acquisition of intonation
contours, and that these -intonation contours are modelled
~on the suprasegmental patterns of adult speech.

Another prosodic égalysis of infant vocalizations was
reported bﬁ Delack (1974, 1976) alnd Fowlow (1975). The
purpose of this study was to provide normative data on
infant vocaliéations with respect to specific acoustic
parameters. Anradditional aim was to examine the nature
of utterances produced in various environmental contexts.
The researchers recorded the non-c;y vocalizations of |
ten infa;ts (four females and six males) at bi-weekly
intervals from one to twelve months after birth. For
each utterance they noted whether the infant was alone,.
in the company of an adult, or play;%g with a pérticular .
object. The project involved the spectrbgraphic examina-
tion and statisticél evaluafion of the following acoustic
parameters for each vocalization:

1. Duration: the time between the commencement and
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" cessation of phonation. ‘
2. Average FF: the mean vaiue of FF fdr several points
in the utterance.
3. FF Range: the difference between the maximum and
—minimum valueé_of FF for the utterance.
_4: FF Contour: the shape of the FF curve.
The results of this study showed a developmental trend
for each of these parameters.

Delack reported that the aveérage FF for each infant
remained relativély stable throughout the.first year,
centering on 355 Hz. Females chjigcteristically exhi-
bited a higher average FF than males. The average dura-
tion of‘vocali%ations showed a fifty percent increase
during the first year for both males.and females. With
respect to average FF range, there was an increase from
80 to 100 Hz during the first six ﬁonths for both sexes.
For females FF rangé continued to rise to 110 Hz while
for males it dropped back to 80 Hz by the first birthday.
Delack found that different FF contours had similar dis-
tributions for both éexes. The simple rise~fall contour
was predominant. This ‘contour increased from forty to
fifty-five pergent of all ufterances during the first
year. As for the correlation between variations in FF
and different environmental contexts, Delack said most
infants altered their intonation patterns according to

context, although they often did so inconsistently. 1In
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conclusion Delack used these resﬁlts to sQégest that
infants use intonation "as a vehicle of expression in
terms of ﬂsemantic intent'..." (1974:17). Furthermore
he claimed that this study and others refuted the view.
that language aéquisition can only be discussed in .terms
of the child's segmental phonetic repertoire, ‘

Delack's research provided normative data on the
acoustic_pa£ameters that characterize the suprasegmental
features of infant vocalizations. This investigation
and that of Tonkova—Yémpol'skaya have shed much light
on the child's acquisition of adult intonation contours.,

1.2.5 The Infant's Linguistic Environment

It is evident that the child's linguistic environ-
ment plays an impértant role in language acquisition.
Indeed the term "mother tongue* is defived from the
notion that éhildren acqgire the same language as that
.spoken by their parents. Therefore it is important, in
a study of the onset of language-specific patterning, to
examine the linguistic environment of the infant.
1.2.5.1 Baby Talk |

Charles Ferguson (1975:11) defined the term "béby
talk" as a register of adult speech characterized by
phonological.‘grammatical and lexical features that are
regarded as primarily appr&priate for addressing young
children. He claimed that baby talk is a register?of

adult speech that is present in all linguistic communities.
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Among the features of baby talk, Ferguson listed several
that are suprasegmental in nature.  He said that when
adulps address young children their speech is charac-
terized by én exéggération of normal intPnation con urs,'
Thése contours have a greater range in pitch than tho’se

. 6f normal adult speech. In addition he claimed thaf

baby talk employs a higher average pitch thun speech
directed toward older children and adults. Thus the
"infant's linguistic environment would seem to be é
caricature of normal adult speech}

| Empirical evidence for Ferguson s claims were pro-
vided by Garniea (1975). She compared the speech of l
female speakers of English in two conversational situa-
tions. Iﬁ:one situation each speaker was conversing

with another adult; in the other, each subjéct was
speaking to her own two~year-old child. Garnlca found
that, compared to speech to adults, the speech dlrected
toward the.chlldugn was characterazed by a higher averager
FF and a greater FF range. Since is the primary
~acoustic correlate of perceiVed/;;ifz\in adult speech .
(Gandour 1978:i41), Garnica's results supportéd the

claim that baby talk is characterlzed by an exaggeratlon'
of adult 1ntonatlon contours ard a hlgher average pitch.

QL

Thus the infant' S;JingUIStlc env1ronment is characterized

[ ] I

by certaln differences from normal adult speech.



| ;J“: . "g - - 52 ; ! - " » .

1.2.5.2 Baby Talk in Cantonese and English -

nSlnce the present study is an 1nveet1gatlon of
language -acquisition in Cantonese and Engllsh infants,
it is approprlate to examine the featnres of baby talk
in these twe languages. As noted, Garnica (1975) has
studied this nhenomenon for English, ﬁnfortunately no
uch studyg¢dis available on baby talk in Cantonese. Thus
e is lefE\%o speculate about the possible differences
in the linguistic environments of English and Cantonese
infants. | Q
There is evidence to suggest, honever. that differences

do exist in the baby talk of these two languages. Further-

.more, these differences seem to be based on language-

specific intonation parameters.

' One-major difference between Cantonese and English
is that the former is a tone language, while the latter
is an intonation language. A tone language was défined
by Gandour (1978:41) as one in which pitch is used to
contrast individual lexical items or words. An intona-

tion language was defined as one in which'pitch is used

‘to signal syntactic and semantic distinctions at the

phrase or sentence level. According to Li and Thompson

(1978:74), Cantonese has six contrastive tones. There

are four level tones (high, mid, mid-low and low) as
well as two contour tones (high rlslng and low rising) >

Engllsh, on the other hand, does not have this system of

S



lexical tones. Thus one might expect that the intonation
patterns of these two languages would be different.

The exact nature of the dlfference in intonation
between Cantonese and Engllsh is not known. The influ-
ence cf lexical tone on sentence intcnation is rarely
mentioned in the literature. Lleberman“(l96? 102)
“cited a report that discussed th!g phenomenon in. the
' Lungtu dialect of Cantonese. The report claimed that in
this dialect sentence intonation is euperimposedncn the
inﬁ}x{dual lexical tcnes. and determines the absolute

h®nd general i Inflectlon of the utterance. A% the
same time, the tones dete ine thé relative difference
in pitch and inflection among the syllables. Furthermore; éﬁ#
this report claimed that sentence intonation modifies
the pitch of the lexical tones but not so that they are

-

imperceptible. Consequently it would seem that the %nter—
action between sentence intonation and lexical tone is
such that tEey are both modified to some ex?ent. Yet
despite this moqification. the communicative-e}ficacy
of each is preserved. . “4\

If this is the case, then it seems reascnable to
assume that a sequence of lexical tones in ' Cantonese
sentence would be manlfested by “a serles ofzfluctuatlcns' : -
in the fundamental frequency of the utterance. For

example, if a Cantonese sentence consisted of three

words with high, low and high tones respectively, one



would ect,a‘felative;y high j ial FF followed by

an abriptyfall and rise in FF|/as the utterance was
| spoken. The number of FF. fluctuations in a sentence
would therefore di’end on the type and number of tones.
- Since-all lexical 1tea§_ﬁossess tone, one would expect
the 1ntonat10n contour of a Cantonese sentence to be

LA

characterized by a number of r151ng-and falling Fﬁ:\‘
fluctuations. . |
This would not be the case™n a non-tonal language
“such as English., Flucj"éions in pitch are used in
_ Engllsh to signal syntactlc and semantic dig;inctlons
\\"*Qat the: phrasey or- sentence level. Thus it is likely
that thé intonation contour of an English utteranc
would not display the numerous FF fluctuatlon; that
would be present 1n a,pan onese sentence.
This- dlfference in éie number of FF fluctuations
P over fhgrcourse of an ufterance is one criterion that
could differentiate the intonation patterns of Cantonese
and English sentenceg. Yet there may be some queejion
as to whether this,difference in intonation patterns is
_ev1dent when adult épeakers of these languages addree;
young children. }t is poesible that baby talk_in Canto-
nese is .characterized by the same exaggeration of intona-
tion contours that occurs in English. If this is the
cese, then thereagéy be no significant dissimilarity'be-
tween the lingnistic environments of Cantonese and English

infants. Thus th;%?" ould be no reason to believe that

1 Y . ~
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fhe vocalizations of infants from. these two lénguage‘
communities are discriminable.  '

This h&pothesisjis refuted,however, 5y the fact_that.
Cantonese children start to use lexical tones at a Gery
young age. Ll and Thompson (1978:1274) cited a study by .
J. Tse on the acqulsltlon of Cantonese tones by hlS
infant son. Tse claimed that‘perceptual discrimination
of lexical tones began at ten months of age. At sixtéen
months, the begihning of.his one-word stage, the child
had mastered the hlgh level and low level tones. By

’

twent&~one months the infant had acqulred all six tones
of Cantonese.- Tse noted that the child stlll h;d diffi-
culty with a number of segmental sounds at the age when
the tone system.wés completely‘mastered. Thus -it would .
" seem that the infant was éttending to tonal contrasts in
radult speech at an early age, .-

This ev1dence of the early acqulsltlon of lexical
tones in Cantonese is corroborated by research reported
in Li and Thompson (1978) for other tone languages. These
studies.,én‘the acquisition of Mandarin and Thai, also
suggested that the tone system of these languages is
mastered before the system of segmental phonemes.

If this is the case, one must assume that Cantonese
1nfkﬁts are exposed to tonal variation in the language of

their parents. It is by this exposure that they acquire

the tone system of the language. Therefore the intonation



;- - Lo i e e e e me e e e e ——

..36.. //

- patterns used by Cantonese parents to address their

children would probably be simiiar to-tﬁose uséd in
normal adult speech. These intonation pétterns, influenced
by lexical‘tones, would-have a number ofrFF fluétuations
over the course of an utterance.

The ;inguistic envirdnment of English infants, on.
the other hand, would be charécterized by fewer FF fluc-

tuations per utterance. In the abserice of lexical tone,

" Epglish intonation would dispiay significant piteh changes

mg}nlﬁ at phrase and sentence boundaries. Thg numerous
FF fluctuatiZns that are apparently evident in Cantonese
baby talk would not be present in the linguistic environ-
ment of English infints. ’ ' '

This diii}rence in fhe number of FF’fluctuatioﬂs over
the course 6 ‘

an utterance is one criterion that could

differentiate the vocalizationsg of ihfants ffom these two

" language communities. - .

1.2.6 Summary

This section has presented a review of research that
investigates various aspects of language development }n

infants. Evidence was presented concerning the child's

ability to perceive and ?rodﬁce utterances characteriz

by different intonation contours. Various acoustic studies

of infant vocalizations were mentioned. In addition,

reference was made to the infant's linguistic environment.
These factors will now be discussed with reference to the

present study. _ .
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1.3 Implications of Previous Regearch for the Present
Study ) .

~ This study is an acoustic investigation of the
ocalizations of Cantonese and English infants between
thé ages of s$ix and eleven months after birth. » The
research discussed in the literature review has certain
implications for this‘invesfigation.

1.3.1 The Infant's Receptivé and Productive Capacities

It is clear from the evidence presenfed.fhat by the
first few months af%ér birth, the infant has aé¢quired some
of the abilities needed for the perception and production
of speech. ‘ | |

The child's ability to hear and perceive speech is
undoubtediy a prerequiéite for language acquisition. Re-.
search indicates that the normal infant is born with a
well developed auditory mechanism. Moreover, fhe child -
can use this mechanism for the perception of adult sﬁeech
contrasts at a remarkébly young?ége. Studies indicate
that, as'early as two months after birth, the infant
can g;z§¥iminate the liﬁguistic c&ntfaéts that differen-
tiate phoﬁetic segments, intonation contours:and‘éfreés
patferns in adult speech. Consequently one can assume
that normai infants between the ages of si; and.eleven
months should already have acquired the abiiity to’ hear
and perceive different\ﬁaﬁI¥'intonation pattérns.

Previous research also suggests that by six ne#ns of

age the infant sﬂopld be able to control the intonation

L



confours 6f his utterances. Within the first few months
after birth the infant begins to exercise cortical control
over the laryngeal muscles. This control allows him to
change the length, thickness and tension of the vocal folds,
and to tLus vary the fuﬁdamental frequency of phonation.
By six months of age the normal infant should be‘capable
of pfoducing different intonation contours.
- In summary the infant's receptive.anq Rroductive capa-
cities for épeach seem to be well-develoﬁed by the time
language acquisition is thought to begin. The subjects
of the present study should be capable of perceiving and
producing. the intonation patterns that are present in their
linguiskic environmegé.

1.3.2 The Acoustic Analvsis of Infant Vocalizations

The studles cited earller also show that 1nfant voca-
lizations are a form of communication. An acoustic analy-
sis of these utterances can yield information about the
mentalﬂand physical state of the infant._ Some researchers
have claimed that a spectrbgraphic analysis of infant cries
can determine their prokaing cause. Others have used an
acoustic analysis to diagnose auditory dyéfunction.|and
diseases ‘affecting the nervous and respiratory systems.
Apdthef study has suggested that infants may alter their
vocalizations according to their environmental contexf;
that is, whether they are alone, in ‘the company of an adult

or playlng with a particular object. Thus it would seem

ﬂa-
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that an acoustic analysis of infant vocalizations is
sensiti' to changes in the child's environmental con-
text as 1 as to his physical and mental state.

. These findings have ramifications for the‘presené
study. In order to obta{n unbiased results the subjects
of this research must all be normal healthy infants with _
no history of mental or physical disorders. Furthermore
the environmental context of the infants must remain rela-
tivelj constanf while the vocalizations are being recorded.

Finally, since there may be a difference between the voca-

lizations of males and females (Delack, 1976), the infants
[ . .

in this study must all be the same sex. If these factors
are controlled the acoustic analysis should yield fruitful
results.

1.3.3 The Language Environment : :

The language environment of the infants in this study
is also an important factor. The purpose of this research
is to. investigate the vocalizaticns of infanits who are ex-
posed to different languageé. f;;évious research.indicates
that the intgnation contours éf infant vocalizations ére
modelled on the suprasegmental patterns of adult speech.
Since these suprasegmental patterns differ from language
to language, it is essential that the-linguisticlenviron-
ment of each subject in this study be homogeneoug; that is,
each infaht should be exposed to only one language.

If this stipulation and the requirements mentioned

above are satisfied, this study should produce valid results.
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1.4 Aim of the Present Study

The purpose .of this study is to determine whether
there is a significant difference in the intonation ‘
paéterns of Cantonese and.English infants that could be
atﬁributed to their different linguistic environments.
This study involves the investigation of certain acoustic
parameters that were shown by Delack (1976) to b; useful
for characterizing the suprasegmentai features of infant
vocalizations. These parameters include the range and
contour of fundamental frequency for an utterance as well
as its duration. A

By examining these parameters an attempt will be made
to elucidate the regular and quantifiable differences that
may be evident in the vocalizations of.infants from differ-
ent language communities., "In view of the claims by
Crystal (1973) and Weir (1966) that these language-specific
differences should be evi@ent by seven MOnths after birth,
the subjects in the present study will range from six to
eleven months of age. .

of partibglar interest to this investi ion is the
notion that the intonation contours of adul speech may
display more numerous FF fiué%ﬁgéions per utterance for
a tone language than for a non-tone language. This hypo-
thesis may account for the observation by Weir (1966:156)

that the vocalizations of Cantonese infants display

"... much tonal variation over individual vowels..." while
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those.of English infants have ";.. little'bitch varia-

tion over individual syllables ...". An attempt will fe
made in the presan% study to determine if this qualitative
observation about the onset of language-specific patterning

' f
is supported by empirical evidence.

—
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CHAPTER II
Method

2.1 Experimental Design

The research method involved the analysis of the
vocalizations of six infants. There was one English
subject and one Cantonese subject in each of th§:e age
groupss six months, nine months and eleven months. The
vocalizations were recorded on magnetic tape in the ho&e
of each infant. The recorded ufterances~were-then ana-
lyzed with respect to fundamental frequency ané\Huration,
An attempt was made to determine if the intonation patterns
of the Cantonese infants differed from those of the
English subjects. |
2.2 Subjects

2.2.1 Biographical Information

The subjects for this study were all full-term,
“healthy male infants whose names were obfained from two
~ pediatricians iﬁ Ottawa. The biographical_data for each

infant is shown in Table 2-1.

2.2.2 Linguistic Environment

The linguistic environment of each infant was judged
to be homogeneous in nature. The parents of the English
babies were all native speakers of Canadian English. The
parents of the Cantonese infants were all immigranté to
Cahada from Hong Kong. They spoke only Céntohese to their

t

. children.
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2.3 Procedure

2.3.1 Data Collection . 4

2.3.1.1 Recording;Eguipmént

Thé infant vocalizations were recorded on BASF
magnetic tape using a Sony TC105 portable tape recorder
and a Sony ECM16 microphone._ The recording speed of

4.8 cm/sec yielded a frequency response of 50 Hz to

6000 Hz. | : '

2.3.1.2 Taping Situation

The recordings were made in\%Qe home of each infant.
The researcher had as little contact as iossible with
each subject, and an attempt wds made to preserve the
natural home setting. Most of the vocalizations were
recorded when only the'ﬁotheé and infant were pfesent in
the room. The mother was asked to play with the infant
in order to elicit vocalizations. ‘Thekmicrophoﬁe was
placed near the subject,and the recordings were gponitored
by the researcher in another r;om. ‘ .

If the child was too fussy or too sleepy for a good
recording to be obtained, a new taping session was sche-
duled. All recording sessions lasted between éne and
two hours. Each of the six;month- and nine-month-o0ld
infa;ts was recorded once. The eleven-month-o0ld infants

were both recorded twice with no more than six days

between taping sessions.

\\ .
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2?3.2 Instrumental Analysis

e ]

The vocalizations of each infant were re-recorded
onto a master tape to eliminate exfendedlﬁeriods when
the subject was not vocalizing; For the instrumental
‘analysis-~the master tape .was playeé‘on a Uher 5000 tape
recorderT\\TﬁE”Eignal frcm;the tape recorder was passed
through a band-pass filter set at a high-pass frequency
of 330 Hz and a low-pass frequency of 560 Hz with.a fil-
ter slope of 36 dB/octave. The filtered signal was fed
into a Kay Visi-Pitch 608?A fundamental-frequency analyzer(s)
which was set at frequency scale C (200-800 Hz). The
output of the Visi-Pitch was fed into a Mingograf 804
‘oscillograph which produced a strip-chart oscillogram.
All vocalizations for each subject Were reproduced on a
. single continuous oscillogram. At the end of each run
a frequency calibration scale was recorded on the oscillo-
gram bylmeans of a frequency calibrator designed and
built at the University of Ottawa Phon;;;cs Laboratory.(g)
The oscillogram displayed four different parameters: time

(10)

(in seconds); acoustic energy s relative intensity; and

fundamental frequency (Hz). A sample oscillogram is shown
in Figurelz-l. . ’

The vocalizations of each infant were analyzed twiCe;:
On the first run the master tape was played at normal

speed (4.8 cm/se¢), and the Mingograf paper-feed was set

at 50 mm/sec. In this configuration the Visi-Pitch, set

-
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.
at scale‘c, extracted FF between 200.Hz and 800 Hz.
- On the second run the master tape was played at half-
speed (2 b cm/sec), and the Mlngograph was set at
25 mm/sec. This manlpulatlon allowed the Visi-Pitch,
still set at scale Cs, to extract FF between AOO‘HZ and
.1600 Hz. Thus the.effeetive frequency range for the ’ 2

-

. ]
FF analysis was 200-1600 Hz.

S 2.3.3 Measurements

After the 1nstrumental analy51s was complete. each

vocalization on” the master +tape was 1dent1f1ed with its

L)

image on the oscillogram. A number of vocalizations were

eliminated from further analysis. The. following types of

utterances were discarded:

1)
2)

3)

1)

5)

6)

Those produced wheﬂ the subject was' laughing or crying.

?hose that were.masked %y {oud ncises or adult voicep.

Vocalizations that contained voiceless-consonantal

. segments.(ll) ‘

Vocalizations that-were leéss than 100 msec. i dura-
tion.(lz) : ! |

Utterances that exhibited voice break, vocal fry or
abrupt changes in vocal register.

Utterances that were produced byringneSEive }aryngeal

phOnétiph, bilabial phonation, gurgling or grunting.

All other vocalizations were measured With respect to

duration. Measures.of FF were made for a subset of thege

L]

uiterances. . d

Nowe

Iy



‘at which the oscillographic trace of acoustic ener

.1 mm along the horizontal time axis. The oscillograph
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2.3,3.1 Measurement of Duration

All vocalizations‘that were not dis arded were
measured with respect to duration. Duration wag-@efined
as the time between the initial'and.findl points of\éhahai
tion for any given utterance. ‘

On the oscillogrém, the initial point of phona-

tion was determined to be the fifﬁq;ﬁeint in an utterance

tive intensity and FF_-all showed evidence of laryngeal ac-
tivity. Similarly the final point of phonation was desig- .
nated to be the last point at which thesevthqee parameters

. .

showed évidence of laryngeal activity;ﬂlj)

- »
‘The oscillogram paper was divided into sections of

paper speed 6f 50 mm/sec meant that 1 mm of paper was equal

to'20 msec ‘o i e in millj—

meters between the initial and final points of phoqg}lon

was multiplied by a factor of twenty to obtaln the dura-

tlon in milliseconds. A conservatlve estlmate of measure- -
ment error using this method would ﬂ% plus or minus 20 mquL/)
2.3.3.2 Measurement of FF ‘

For ‘ch utterance whose duration was greatef than

' 500'msec(15). FF was measured at, several points: initial

point of phonation (INITIAL), final poift of phonation

(FINAL), max um FF (MAX) inimum FF (MIN). The FF

values wer iNed by measuriing the oscillographic

R
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trace with a template inscribed on a P-square. This s
templatebwas a duplicate of the frequenéy scale thatlhad
been produced on the oscillogram by the frequency calibra-
tor at ?he end of each run. -
The accuracy of this method was tested. by measuring
a series of random constant tones recorded on a-test;tape.
Measurement error was defined as a disagreeﬁent between
a reading made from the o§cillogram using the T-sqgaré | )
template, and.the Visi-PitCh's own digital read-out, which
was confirmed by a Hewlet-Packard frequency gounter. 'In
4l random test tones ;he measurement error ranged from
0-12 Hz. Thus the sténdard error using this method was

in the realm of 15 Hz. -

¢

2.3.3.3 Calculation of Within-Utterance Range _
The value of FF range (RANGE) for:each utterance over
500 msec was equal to the difference betWeen~thE values-

for MAX and MIN. . o

2.3.3.4 (Classification of FF Contours

Each utteranée with a durafion'of over 500 msec was

classified according o its FF contour. If the FF did not

fluctuate more than 25 Hz throughout an ngg}ance, then
that utterance was claséed as leyel (L). An increase ot~

more than 25 Hz over a péfiog of at least 100 msec was

.

‘ : .
classified as a rise, while a decrease of -more than 25 Hz

over a period of at least 100 msec'wasiclass;fied as a

. X <
fall. Thus.the following contours were generated:
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2.3.4.2 Discrete Variablés -
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‘rise (R), fall (F), rise-fall (RF), fall-rise (FR),

rigse-fall-rise (RFR), fall-rise~fall (FRF), etc.

2.3.4 Statigtical Analysis
2.3.4.1 Contlnuous Varlables
" For each subject the mean and average deviation was
calculated for all six continuous variables (INITIAL,'
FINAL, MAX, MIN, RANGE and DUR). The average deviation
for a variable was defined as the average of the diffe-
rentes between the mean and-each of.the subject's scores
for that variable. In addition, the overall mean and

overall average deviation for all subjects was calcula-

ted for each.of‘the six_gzij;nubus variables. .k

In order to make the continuous varlables dlscrete

the vocalizations of each subaect were classified as ‘high,

4,

low or average with respect to the overall fnean fer, each

varlable. For example, the durations {DUR) of all utter-

s

ances for each subaect were compared with “‘the overall

mean duration for~a11 subaects. If an utterance had a

‘duration that was within 20-msec(16) of the overall mean,

- §

then %t was classed as average (AVGJ: Utterances that
were Iorger'than the overall mear plus 20 msec were ciassed .
as HIGH; those that were shorter thahlthe overall mean
minus 20 msec were classed as Low.
The same c1a531fy1ng procedure :was. performed for each

utterance with respect to the other continuous variables

-
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these cases

(INITIAL, FINAL, MAX, MIN, 4nd RANGE).
an uttérance was classed as T 1t a FF within
15 Hz (17)of the overall mean. Utt enge with FF
greatér than the overall mean plus, 15 Hz we;e classed
2s HIGH; those that were legs than the overall mean
minus 15 Hz were classed at LOW. In this way each of
the continuous variables was leldeF 1nto three discrete
categories: HIGH. LOW and AVG.

At fhis point the number of utterances classed as
HIGH, LOW and AVG Qere counted for each subject. For

each variable, Chi-sguare tests were performed to test

the null hypothesis that the utterances were produced by

~infants from the same populatlon. The lével of signifi-

cance for. these tests was C,05,

2.3.&.3 FF Contour

For each subject all FF contours wgre classified into

four discrete categories:

1) Zero Slope-Changes (LEVEL, ?, R)

2) One Slope-Change (FR, RF).

3) Two Slope-Changes (FRF, RFR)

4) Many Slope-Changes (FRFR, RFRF, FRFRF, eotc.)
For the purposes of this classific tion, a slope-change
was defined to be any point at which a falling FF changed

(18) -

to a rising FF, or.vice versa. The total number of

)

utterances in each of the four categories was counted for

each subject, Chi:squére tests wéfe performed to determine




52
/.——"“-.

whether the difference between subjects could be-aftri-

buted to chance variation. The level of significance

" for these tests was 0,05,

2.3.4.4 Test of Sampling'Errof

Calculations were p;rfqrmed to determine the minimum
number of vocalizations that would be required frbm each
Bubject fhiorder to obtain'a.representative sample ‘for
that subject. For each of three variables (DUR, INITIAL
and FINAL), a mean score was calculated after each group
of ten vocalizations‘producedlby a subject. Each of ‘these
mean scores was subtracted from the overall mean.fdr that
subject. The fesulting values, called the'"sampling error",

were plotted on a gragfhes a function of the number of voca-

'Iizations produced by each subject.

For “this test it was assumed that the total number
of vocalizations obtained from“each subject was indeed
1§§ge enough to be representative of that subject's utter-
anges. Insofar as this was the cése, the test would deter-
mine the average error that would have occurred if the
meap had been calculated using a smaller number of-vqcal

lizations for each subject.

y_,_...i | . 3

8
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CHAPTER III

Results

3.1 Introduction

'

This section presents the results of the statisti-
cal analyses that were described in Chapter II. The

tables and figures referred to in this section are

" shown at the end of the chapter.

3.2 Analysis of FF Range

Table 3-1 presents the mean and average deviation
for all FF variables. This table displays the average
RANGE for each subject as well as that for all subjects

combined,

Table 3-2 is a classification of the RANGE of each

.subject's utterances. The three classes (HIGH, .LOW and

AVG) were determined with respect to 112 Hz (the mean
RANGE for all sub‘ggffl-plus'or mings 15 H?. The number
of utterances in each.classyis expressed as a percentage
of the total number of vogdlizations for’each sﬁbject.
" The results of the chi—square tests'for RANGE are
shown in TABLE 3-6. As seen in the ‘table, FF RANGE' )
diq not differ significantly between the Cantonese and
English infants except at sii months of age. Subject E6
had a significantly lower RANGE than did C6. The older
subjects did.not exhibit ‘this dichotomy. There was no

siénificanf RANGE difference between E9 and C9, nor

between E11 and Cl1. However, when the utterances of the

LR
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Cantonese and English subjects were combined at these
two'age-groups, the eleven-month-old infants displayed

a {significantly higher RANGE than the nine-month-old

‘sub}ects. Comparison with the younger infants showed
#hat B6 had a RANGE comparable to that of E9 and C9j
similarly, the RANGE of C6 did not differ significantly
from that of E1l and Cll. .

. Thus with,re;pect to RANGE the six subjects could
bé‘dividea into two groups. For this variable E6. EQ
and C9 had a relatively low value'compared to C6, Ell
and.Cl1.

‘3.3 Analysig of Utterance Duration

| Table 3-1 shows the méan and average deviation of
DUR for each subject and for all subjects combined. The
re‘;ults are _expressed in milliseconds.

Table 3-3 presents a classification of DUR for the
utterances of each sibject. ' The three classes were de-
termined with respect to 735 . msec (the ﬁean DUR for all
subjects) +20 msec.  The number qf utterances in each
class 1s expressed as a_percentagé of the total number
of vocalizations for each subject.(19)

@hg results of the chi-square tests er DUR are
displayed fin Table 3-6. A comparison of the Cantonesg—._
and English infants showed a.significant difference at
eleven months of age. The utterances of Cll were signi-:

ficantly longer than those of Ell. There was no differ-
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ence in DUR between E6 and €6, nor between E9 and C9.
However, when the utterances of the Cantonese and English
subjec%s were comﬁiﬁed at thése two age groups, the six- -
month-old infants had a significantly greater DUR ‘than
the nine-month-old subjects. Comparison with the older
infants showed that Ell had a DUR similér to that of E6
and C6; furthermore, the DUR of Cll was significantly
greater than both the six-month- and nine-month-old
éubjects.

Thus with respect to utterance duration, the six
subjects could be divided into three groups. The dﬁrab
tion of E9 and C9 was relatively loﬁ; that of Cll was
relatively high; the duration of E6, C6 and El1l had a
valué between these two eFtremes. 'ik

3.4 Analysis of FF;Contour

Table 3-4 displays the number of utterances that
occurred in each FF contour category for all subjects.
Table 3-5 is a reclassifiéation of these results with
respect to the number of slope-changes that are present
in each contour. The number of utterances in each cate-
gory is expressed as a percentage of the total number
of vocalizations for egch subject.

The results)of the chi-square tests for FF contour

in Table 3-6.
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3.4.1 Zero Slope-Changes:
A comparison of the Cantonese and English infants
for FF contours with no slope-changes (LEVEL, R, F)
showed no significant difference at any of the three
age-groups. wﬁen the utterances of the two infants in
each age-group were combined, there was ho significant
difference between the six-month- and nineé¥ month-old
sub?@cts, nor betweén the six-month- and eleven-month-
0ld infants. However E1ll aﬁd Cl1 did have significant-
ly more FF contours with zero slope-changes than qid
ES and C9. .
3.4.2 One Slope-Change

The chi-square tests for FF contours with one slopé—
change (FR, RF) showed d significantly greater number for
E9 than for C9. There was no significant difference
between E6 and C6, nor between E1l and Cll. However,
when the scores of the>tWO'subjects in each of these
groups were combined, the, six-month-old infants had
significantly more FF contours with one slope-change
than did the eleven-month=-o0ld subjects.

3.4.3 Two Slope-Changes

‘A comparison of the Cantonese and English infants
for FF contours with two slope-changes (FRF, RFR) showed
no signifiecant diffefgnce at any of the three age-groups.
Furthermore, there was no significant difference between

the six-month- and nine-month-, the six-month- and ele-
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- ven-month-, nor the nine-month- and eleven-month-old
subjects. - Thus all subjects had a similar percentage
of FF contours with two slope-changes.

3.4.4 Three or More Slope-Changes

The chi-square tests for FF contdurs with thrée
or more slope-chanées (FRFR, RFRF, FRFRH, etc.) showed
a significantly greater number for €9 than for E9. There
was no significant difference between E6 and €6, nor be-
tween E11 and Cll. However when the scores of the two
subjects in each of these groups-were combined, the
six-month-0ld iqfants had significantly fewer FF contours
with three or more slope-changes than did the_eleven-month-

old subjects.

3.5 Analysis of Sampling Error ’

Tables 3-7, 3-8 and.3-9 display the sampling error
for-each subject for DUR, INITIAL and FINAL. Th; error
is expressed as a function of the number of vocalizations
which were used to deterﬁine the mean whose value was in
~error. The sampling error for all six subjects was used
to calculate an average error for DUR, INITIAL and FINAL.
Graphs of the average error appear in Figures 3-1, 3-2
‘and 3-3. ]

As seen in the graph for DUR, the average sampling
error did not fall ﬁelow 100 msec until at least ninety

vocalizations had been elicited from each subject. Thus,

if only eighty vocalizations had been collected from each

>3

.'",}_f;t
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subject, the error in estimating the average utterance
duiation would have been at leaét 1b0 msec. Siﬁilarly,
in order to obtain a mean duration within 50 msec of the
"true" méah for each subjéqt. one would have to analyze
a2 minimum of one hundred and forty voc;lizations.

From the graphé of sampling error for INITIAL and
FINAL it can b; seen that, in order to obtain mean values
of FF that were within 30 Hz of the actual valué, one
would have to obtain forty vocalizations from each sub- -
ject. In order to reduce the error to 15 Hz (the estlma-

ted measurement error for FF), one would have to elicit

between sixty'and seventy utterances from each infant.
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SUBJECT

E6
c6
‘E9
c9
Ell
1l

TABLE 3-2

CLASSIFICATION OF FF RANGE*®

NUMBER OF
UTTERANCES

63
109
93

95

114

172

<

% HIGH

15.9
37.6

10.8 .

4.9
29.8
30,2

% AVG

1.3
« 12.8
17:2
26.6
18.4
11.6

% LOW

69.8

49.5 "
.72.0

58.5
51.8
58.1

*Utterances were ClaBSlfled with respect to 112 Hz. (the
mean RANGE for all subaects) +15 Hz (the estimated mea-

.surement error).

SUBJECT

E6
c6
E9
09
Ell
Cll.

*#*¥Ttterances were classified with res
(the mean DUR for all subjects) %
ted measurement error).

L]

CLASSIFICATION OF UTTERANCE DURATION##*

189

TABLE 3-3
NUMBER OF % HIGH
UTTERANCES .

98 T 41.8
39.7

183 20.8
227 24,7
212 38.2
269 51.7

% AVG

1.0
0.0
3.8

2.2
2.4

3.3

ect -to 735 msec
msec {the ‘estima-

%. LOW

57.1
60.3
75.4
73.1
59 .4

. 45.0

-
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Sampling 60 {
Error ‘
(Hz) - ‘ : o

1 i L i i "
50 100 , . 150
Number of Utterances

FIGURE 3-2: A graph of the average
' sampling error for ini-

tial FF (INITIAL).

Sampling 60 | ' -
Error :
(Hz)

' 30 4

100 150"

Number of Utterances

FIGURE 3-3: A graph of the average
sampling error for final

FF (FINAL).

£



- 69 -

CHAPTER 1V

Discussion

bh,1 -Qiggussion of the Results

The most important result of this study was that it
did not show a significant difference in the inténétidn‘
patterns of Cantonese and English ihfants that could be
attfibuted to their different 1inguistic environments.
According to the hypothesis of Crystal (1973) regular
and quantifiable differences should have been evident

in the vocalizations of the two languages after seven

v

months of age. Cdﬁsequently'there should have been signi-
ficant differences in the qtteranceé of the nine-month-old
and eleven-month-old subjects that would no£ appear for
the six-month-old infants. The resulﬁg“éig\not show
evidence of this trend.
4.1.1 FF_Contour

0f particular interest to this study was the question
of whether the intoﬁation contours of -Cantonese infants
would display more FF fluctuations per utterance than
thcse'of English subjects. This trend was not evident
in the vgcalizations of the infants in this study.

The number of FF fluctuations per utterance was
proportional to the number of slope-changes in the
05ciliographic display of each vocalization.' The analysis

of FF contour showed that a difference in the number of

-slope-changes between the Cantonese and English infants

i
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was evmdent only at nine months of age.. Subgect €9 had
31gn1f1cant1y more vocalizations with three or more
slope-changes than did his English counterpart. This
finding might be interpreted as evidence’of 1anguaée-
specific patterning at nine months of age. -

This hypothesms is refuted however by the fact that
there was no such dlfference in the 1ntonatlon contours
of the eleven-month-old subjects. If the differences at
nine months were indeed caused by the infants®' linguistic
env1ronments. then similar results should have been ob-
talned for the older Bubjects. Indeed, since the influence
of language-specific patterning shouid become more evident
with age, the differenées in the intonation patterns of
the eleven-month-olds would be even greater than those at

nine moﬁths. The lack of these differences'at eleven

_,//EBnths suggests that language-specific patterning is not

acquired vefor age.

4.1.2 FF Range . _
The results gf the analygis for.FF Range also showed
no evidence of.language—spgcific patterning. For this
pérameter the only significant'difference%between the
Cantopese and English subﬁects occurred at six months of
age;‘-Because this difference was not evident in the voca-
lizations of the older infants it camnot be attributed to
dissimilarities in the FF Range of adult utterances in

Cantonese and Eng}fsh.'
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+1.3 ] Utterance Duration

The analysis of utterance duration showed that there
was no significant difference between the Cantonese and
_ English infants except at eleven months of age.__ggg vo-
calizations of Subject Cll were longer than those of
Subject E1l. These results might be interpreted as evi-
dence of language-specific patterning since the differencer
in duratien was not’ apparent for the younger infants. It
is possible that sometime between the ages of nine and |
) eleven months the vocalizations of Cantonese and English
infants are differentiated due to the influence of different
utterance durations in the baby talk of the two languages.
The paucity oilanformatlon on baby talk in Cantonese pre-
vents a definitive statement about this hypothe31s.\
Consequently the results of this study show no evi-'
dence of language-specific pattefning in infants as old as
eleven monthsi '

v L.1.4 Developmental Trends

It is possible to compare the reeults of the present
study to previous research on infant vocallzatlons._ The
most compreheneive report of the developmental trends in
infant vocalization during the first year wae preeenteq.by
Foglow (1975) and Delack {1976). That study analyzed the

"'vocalizations-of six English infants at two-week intervals
from birth to one year of age. It reported certain develop-“
mental trends for the acoustic parameters used to describe

infant utterances.
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With respect to FF contour Delack stated that during
the first year the child's vocal repertoire is dominated
by the simple rise-fall 1ntonatlon. This FF contour |
accounted for forty to~f1fty—f1ve percent of all voca-
lizations. In the present study this intonation curve
{was also predominant. As seen in Table 3-4, the RF'con—
tour accounted for 221 of the 646 vocalizations that were
analyzed. This is equivalent to thir%y—four percent of
all utterances produced by the infajyits. The correlation
between the two studies is significant in p01nt1ng out the
domlnance of the rise-fall contour "in infant utterances )

_Another correlation between the Delack study and the
presenﬁiinveStigation was evident for the developmental |
trcnd:in qvcrage utterance durationf For this parameter
Delack repofted:an average increase'cf fifty percent through-
out the first year after birth. For the present sfﬁ&gk Table
3-1 illustrates that the mean utterance duration was higher
for the eleven-month-old subjects than for the younger in-
fants. Thus both studles illustrated a trend toward longer
infant utterances as age increased durlng the first year
after birth. ‘

With respect to FF Rafige the Delack ‘study showed a
different trend from the present investigation. Delack
reported a decrease in FF Range from 100 Hz at six months

to 80 Hz at elevén cﬂths of age. In the present study

FF Range 1ncreasgd from an average of 80 Hz a‘t ¥be months
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t0. 115 Hz by eleven months of age. This discrepancy

ré;resents a'depafture from the correlation between the

study. by Delack and the present investigation. The simi-.

Iar developmental trends for'FF contour and utterance dura-

tion do not coincide with the different trends for FF

Range. . '

4.1.5 ‘Sampling Error

In this thesis an effort was made to collect enough
vocalizationé from each subject so the sample would be
repres?ntative of the infant's normal vocal productions.

To this end a total of 1178 vocalizations were analyzed

for six subjects. This was an average of almost 200 utte?—
ances per infant. For the analysis of sampling error %t
was assumed that this number was sufficient to be repre-
sentative. That is, it was assumed tﬁat the analysis of
an eVen’greater number of utterances would not have signi-
ficantly altered the results. |

If this assumption was valid thgn‘the.analysis of _
sampling error indicated that a fairly lérge number of
vocalizations would bé required to obtain representative
values for the acoustic parameters in questioh. For the
parameters of fundamental frequency a minimum of sixty
to seﬁenty utterances were required before the sampling
error dropped below 15 Hz (the estimated measurement error).
For utterance duration.a total of 140 vocalizations were

required in order to obtain a sampling error below 50

-
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It.%s.interesting to apply the résults.of this
analysié‘to the study reported by Delack and Fowlow.
That research involved the recording of six,infanté for
a period of fifteen minutes every~two weeﬁsiduring the .
first year after birth. On average, a totai of forty'’
vocglizations were recorded per session OFOQIOW 15%5:169);
In the present study this number of vocalizétions produced
a sampling error of 26 Hz for FF paramgters and léO'QEgc
for utterance duration. If the yariability in the infant
vocalizations was similar to that in fhé presenf study,
Delack céhld expect a sampling erfor of simiigr magnitude..
He expected to compensate for the émalllnumber of utterances
by combining thé results'Bf all 8ix .subjects. Nevertheless -
there is some ddubt that ther eLZEitatioh of only forty
utterances.per récording’session‘wasisufficient to yield
representative values for the acoustfc Baraﬁeters in ﬁues-
tion. -

The results of the present study have provided some
information about the number of ntterénces required for a

representative sample of infant vocalizations. It is

hoped that this information can be used in future investi-
‘ : Y
gations.

4.2 Limitations of the Present Study S

Thé main limitation of this study was that it analyzed
the vocalizations of only six infants. It is difficult to‘

‘make generalizatiohs‘about'a whole population based on’ the
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results of this smaTl number of'subjects: An attempt was
made to conpensate for this‘limitation by collegting large
numpers'of vocalizations from each infant. Nevertheless.

it would have been better to ana}yze the vocalizations of
'moreisubjects. -

of tine requlred to edlt, ape : s

'indicated that’a large number of vocalizations is required
to jield representative values fok the agoustic parameters
that characterlze 1nfant utterances. This fact suggests

a need for more sophlstlcated 1nstrumentatlon that can

LI

analyze and measure’ large numbers of utterances in a rela-

A W

tively short time. This instrumentation would allow for
'tﬁe.investigation of language—specific patterning in a
large number of infants. .

4.3 Directions for Further Research

The results of thls ‘study raise certain questions -
et .
about the onset of language acquisition in 1nfants. The

¢ -

apparent absence of language- spele;c patternlng in eleven-
, month old 1nfants suggests a need to examine the vocallzatlons

. of older subJects. It would be 'interesting to compare the

utterances of Cantonese Englrsh'lnfants durlng the ' \
- . | ‘ Y
- » A :'.:- | - '- ._l —'.. | ..‘ ..‘ ‘\p . -“‘_ .“!.:.
- e ' - ' ‘ N : '\
" ] -
‘_\ . . L

*.
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ey - . .
econd year dfter birth whell the lexical tones of Can-

’

. tpnese are said to be acquired. g '
N _ :

Pl

Ty

Yet even before undertaking such a study, it is impe-

' ? ive to 1nvest1gate the language specific intonation

patterns of adult speech in these two 1anguages. Fo the

present study, the differences between Cantonese an Engllsh

were determlned by’ subaectlve judgements about the intona-

-

.tlon contours of adult speech. An.experlmental investiga-

tion would yield an obJectlve measure of the:-differences

between these two languages. After determining the acous-

tic parameters that differentiate Y1t utterances in "
Cantonese and English.one could ,fo¥¥ow the devq}opmental
trends of these parameters in infant vocallzatlons. In
this way the onset of language-spe01flc patterning. could ’
be more accurately assessed. !
4,4 Summary |

‘This thesis hss presented an investigation of the
intonation‘pstterns'prdduced by Cantonese and English in-

fants between the ages of six and eleven mbnths. An

~a'ttempt was made to determine whether there wdb;a signi-

' ficant-diﬁ{erencemin the infant yocsliiationé that could

be attributed.to the different 1inguistic environments.

The utterances were csmpsred with respect to certain -

acoustic parameters. )

-
-

The' results of this investigation did.not show.evi-.
dence of lsﬁguagefsp%cifie patterning in the intonation

e . A

SRR }



contours of the Cantonese and Engiish infants. -The

. results did.lhoweVer, illustrate certain developmental.

" trends in the ihfaht utterances._ Thls study also provi-
ded some 1nformatlon about the number of utterances re~
qulred for a representative sample of infant vocallzatlons.

In conclusion this study suggested a need for- further
research on ghe acoustic parameters that characterlze adult
utterances in different languages. A thorough analysis of
language spe01f1c patternlng in adult speech will allow a =

g{u ?:re accurate assessment of the onset of language acqulslf

on in infants.
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FOOTNOTES

1. The terms “vocalization" and "utterance" are used '

throughout this thesis to denote a continuous stretch ‘

of vocal apfivity.

set-time was defined by Lisker and Abramson

//5// Vplce-
.. (1964) as'the time between the release ﬁurst‘of a

nsonant and the Qnset of laryngeal pulsing.
. .. :
"language-specific", as used in this thesis,

'does not refer to something that is characteristic of

human language in génefal._put rather to something

particular.

4.,  The term “"spectrographic" refers to an analysis by a

3
¢ e

sound spectrograph. )

5. It is not clear what Lewis meant by the "conventional®
3

®6. This c pares to a vocal fold leng f 17-23 mm in
L.

Y .,
¢ the 1t male and 12-17 mm in the adult female.

7. %This fact probably accounts for the observation by

.gggé“researchers (Tonkova-Yampol'skaya, 1969; Déiack.
19?6)_tﬁat infant vocalizations become more stable
and controlled as the child approaches the first
birthday. This stability and control ovgr.la%yngeal'

- activity is maint%?ed by the male until he reaches

% ' pubefty.ﬁhen rapid growth of the;VQéal folds is o ce

-

. again evident.

'fegtures of intdnatiqg. g L N !




9.
10.

1
*d 11.
12.
- 13.

_?9_

’ - &i
The Visi-Pitch extracts two acoustic parameters
from the speech signal: FF and relatlve 1nten81ty.
The FF is extracted on a cycle to- cycle basig.
The frequency callbrator was desighed and built by
Mr. R.D. Fournler to be used in conaunctlon with the
Visi-Pitch. ' ‘ \ | '

PR : A

The oscillographic trace for acoustlcaenergy was ) "

produced by a dlrect line from the tape recorder to '(
Nyl

-the oscillograph. This trace was not subject to

filtering or Visi-Pitch analysis.
These were d;:;gnded due to the dlfflculty of lnter_

preting the rupt cessation and resumptlon of phona~ K /

- tion in the middle of an utterance..

These utterancef e too short\#e maﬁe reiieb;e

FF measurements. .. | ‘
In\fact the oscill graphic trace of FF was seldom
uSee for this purpose due to the unstéble nature of
laryngeal vibration af'ﬁpe onset and cessationlof )

voicing. In most cases the initial and final points:

of phonation were determined by the oscillographic

traces of acoustic energy and relative intemsity.
On the second run for eaeh Eubjeet the paper E;eed
was 25 mm/sec.' However. 8ince the master tape was

being played at half speed, the\iiye relatlonshlp

.held; that is, 1 mm of paper was equal fto 20 msec -

of duration.

7
. - . ‘-' - -."‘- \.'
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15, For most uttéFances with duration less than 500 msec .
the FF values were difficult to measure due to the.
unstable nature of 1aryngea1 vibration in voéallza-
“tions of such short durdtion. T .

*~ 16, This "buffer zone" on both sides of thé overall mean
| was equivalent to the,es%imated measurement error ‘for -

_d%ﬁation. ' . | ' ‘

17. This value was equivalent to the estimated_measure- .

ment error for FF,

: _ ‘ , ® -
.18, 'The number of slope chaxges was a measure of the :

" number of FF. fluctuations in an utterance.

~ . ]
19. Note that the number of vocalizations for each subject
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