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Chapter - |

| NTRODUCT| ON

"During infancy, the child s only node of comrunication
is the cry, and we should listen to his vocalization and
try to interpret it. \When a baby is ill, the parents too
are nost eager and anxious to have some expl anation of
his prognosis and possible life-long defects. Any nethod
whi ch could provide further enlightennent should be

t horoughly explored.” (Sjruio and M Chel son, 1976),

The inportance of early identification of problens
and abnormalities in childhood is increased because of the
concept of '"Critical period' (Lennerberg, 1967). Early
identification is also inportant fromthe point of view
of early Intervention(Bess et. al., 1976). Becker(1976)
states that in addition to being desirable for the child's
devel opnment, early detection also hel ps parents to adjust
nore realistically to the child s problem An it would

make rehabilitati on econom cal.

Sone nethods of early identification are 'Newborn
Screening Prograns' and the 'H gh Ri sk Register'. They

are in use with their own nerits and denerits.

The 'Apgar' score is designed to deternine the

physi cal condition of the newborn 60 seconds after birth.



The response sought to two of the five segnents in the

score, involves 'Qy'. Studies done by Karelitz et al (1966)
have indicated that apart fromthe fact that crying activity
enters twice in the Apgar scale, and contributes a good deal
tothe total score, it continues to contribute heavily

even when it is analyzed separately. The diagnostic val ue

of the cry alone, suggested its potential inportance.

During the last twenty years, research on infant crying
has stinmul ated many research workers. The first cry studies

were based on auditory anal ysis.

Wasz - Hockert et al (1964) found that when typica
pai n, hunger and pl easure cries were played to 438 adults,
those with nmore experience in child-care identified the
cries nore accurately than those who had no previous exper-
i ence, Murry, Amundson, and Hollien (1977) noticed that an
infant's sex could not be reliably identified on auditory

basi s.

Partanen et al (1967) found audi bl e differences between
the cries of healthy newborn infants and those w th asphyxi a,
brai n danage, jaundi ce, and Down's syndrone were recogni zabl e

by pediatricians and nedi cal students.

The phonetic structure of cries, cry duration, stimulus

intensity, cry latency, and cry threshol d have been found



to be useful paraneters in differentiating between nornal
and abnornal infant cries, (Fisichelli et al, 1966; Rebel sky
and Bl ack, 1972; Fisichelli and Karelitz, 1969; Fisichell
and Karelitz, 1963; Karelitz and Fi schelli, 1962).

(bj ective techniques for analyzing infant cries are
by volume - unit graphs (Fisichelli, Karelitz, E chbarer,
and Rosenfield, 1961) and conputer analysis (ostwald and
Pel tzman, 1974).

In the objective analysis of the acoustical signal,
a great advancenent nmade in 1947, when Potter et al introduced
their sound spectrograph. A sound spectrographi c program
for cry analysis was started in University of Hel sinki,
Finland in 1961. Wth narrowband anal ysis, the follow ng
cry characteristics have been neasured fromthe spectrograns: -
1. Durational features |like |latency, duration of first
phonati on, second pause and crying ti ne.
2. Maximumpitch, 3. Mnimumpitch, 4. shift, 5. melody
type, 6. Double harnonic break, 7. glide, 8. Bi-phonation
9. furcation, 10. glottal roll, 11. glottal plosives,

12. noise concentration, 13. tonal pit and 14. Vi brato.

Oies of normal infants and those infants with various
abnornmalities have been differentiated based on the above
cry characteristics, (Wasz - Hockert et al, 1971), M chel sson
1971, Mchel ssen et al, 1975, Sirino and M chel ssen, 1976,
M chel ssen et al, 1982).



The purpose of the present study was to anal yse
nornmal and abnornal infant cries by spectrographic anal ysis
and to note the specific characteristics which are dis-

tinctive to each abnornality.

The aimof the present study was to test the foll ow ng
nul | hypot heses: -
1. No significant differences is observed between the
cries of normal heal thy infants when conpared to infants
with history of high risk factors or other problens on the
followng cry characteristics- a) maxi num fundanent a
frequency, b) m ni numfundanental frequency, c) duration
of the whol e cry, d) doubl e harnoni c break, e) shift,
f) glide, g) furcation, h) bi-phonation, i) vibrato,
j) noise concentration, k) glottal plosives, 1) nel ody

type and n) tonal pit.

Sub Hypot heses: -

1. No significant differences is observed on various
par armet ers using spectrograns between the cries of

normal, infants and pre-mature i nfants.

2. No significant differences is observed on various para-
nmeters using spectrograns between the cries of nornal

infants and infants with history of asphyxia.

3. No significant differences is observed on various para-
nmeters using spectrograns between the cries of nornal

infants and infants w th jaundice.
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4. No significant differences is observed on various
par anet ers measured usi ng spectrograns between the

cries of normal infants and infants with nmeningitis.

5. No significant difference s is observed on various
par anet ers neasured usi ng spectrograns between the
cries of normal infants and infants with a history of

Rh inconpatibility.

6. No significant differences is observed on various
par anmet ers neasured usi ng spectrograns between the

cries of normal infants and infants w th hypot hyroi di sm

7. No significant differences is observed on various
par anmet ers neasured using spectrograns between the
cries of normal infants and infants with history of

convul si ons.

8. No significant differences is observed on various
par anet ers nmeasured using spectrograns between the cries
of the normal infants and infants with history of del ayed

birth cry.

Brief Plan of the Study: -

The study was carried out in the follow ng stages: -
1. GConstruction of a list of high risk factors for hearing
| oss and nental retardation.

2. Collection of data fromnormal and high risk infants.



| nplications of the study: -

(1) Cvy analysis is helpful in differentiating between

normal and abnormal i nfants.

(2) It is a valuable tool in the differential diagnosis

of different abnormalities in infants.

(3) It is useful for early identification of abnormalities

and thus in early rehabilitation.

Limtations: -

1. A small nunber of infants were included in each high

ri sk category.

2. Only eight high risk categories were studied.

3. Only one followup exam nation of the infants after

five nonths was done.
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3. Spectrographi ¢ anal ysi s.
4. Followup of the infants for hearing screeni ng and

to collect information about devel opnental m | estones.

The list of high risk factors was constructed. Cies
of 13 normal full terminfants and 28 infants bel onging to
the high risk category according to the case history were
recorded. The age range of the infants was from 16 hours
to 3 nonths. Pain cries were elicited fromthese infants
by flicking the sole of the infant's foot with the index
finger, till they cried for at |east 30 seconds. The cries
were recorded and anal yzed using a sound spectrograph to

obt ai n narrow band, bar type spectrograns.

These spectrograns were anal yzed to note the occurence
of the following cry characteristics - 1. durationof the
whol e cry, 2. maxi nrumfundanental frequency, 3. m ninum
fundanental frequency, 4. shift, 5. doubl e harnonic break
6. glide, 7. bi-phonation, 8. furcation, 9. noise concent-
ration, 10. glottal plosives, 11. tonal pit, 12. nel ody
type and 13. vibrato.

A followup examnation of the infants was carried
out, 5 nonths after the recording, for the purpose of the
coll ection of information regardi ng devel opmental m | e-

stones and hearing ability of the infants.



| npl i cations of the study: -

(1) Cvy analysis is helpful in differentiating between
normal and abnormal infants.

(2) It is a valuable tool in the differential diagnosis
of different abnormalities in infants.

(3) It is useful for early identification of abnormalities

and thus in early rehabilitation.

Limtations: -

1. A small nunber of infants were included in each high

ri sk category.
2. Only eight high risk categories were studied.

3. Only one followup exam nation of the infants after

five nonths was done.



Definitions used in the present study:-

(Taken fromSirvio and M chel ssen, 1976)

(1) Duration of the whole cry or crying tine:-

It has been defined as the tinme fromthe onset of

crying until the child stops crying.

(2) Maxi num fundanental frequency: -

Refers to the highest nmeasurabl e point of the funda-

mental frequency seen in the spectrogram

(3) Mninumfundanental frequency: -

I's the | owest nmeasurable point in the fundanenta

frequency, seen on the spectrogram

(4) Shift:- Denotes an abrupt upward and downward novenent
of the fundanental frequency and has been included in the

nmeasurenents when it exceeds 0.1 seconds.

(5) The nel ody type: - the nel ody type of the fundanental

frequency has been classified as falling, rising —falling,
rising, falling - rising, and flat. There should be at
| east a 10%change in pitch level during nore than 10% of

the duration of the cry for nelody type to be identified.

(6) Mbrato: - | s considered to have occured when at | east
four successive, rapid up and down vi brations have been

noticed. These appear nore clearly in the upper harnonics.



(7) Double Harnonic Break:- |s defined as a parallel

series of harnoni cs which have the sane nel ody formas
t he fundanental frequency and occur simnultaneously with

t he fundanent al .

(8) Bi-Phohation:- Is considered as a doubl e series

of fundanental frequencies,, but the two or nore series

do not have a parallel nelody form

(99 Q4iding:- Is arapidup and / or down novenent of the
fundanmental frequency; The change in frequency nust be

at least 600Hz in 0.1 seconds.

(10) Furcation:- Is a termdenoting a split in the fund-
amental frequency, where a relatively strong cry signal
suddenly breaks into a series of weaker ones, wth each of

themhaving its own fundanmental frequency contour.

(11) Noise Concentration:- Refers to a clearly audible
hi gh energy peak of 2000 - 2500Hz found both in voi ced and

voi cel ess parts of the signal.

(12) Tonal pit:- 1Is a rapid dowward and upward novenent
in the fundanental frequency. Here the fall in pitch

exceeds, 30%and occurs within 0.4 seconds.
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REVI EW OF LI TERATURE

"W should all be deeply concerned for the first two
years of childhood, whether it is inrelationto hearing
probl ens, experinental deficits, nutritional deficiency.

Vi sion defects, or any other physical or environnental
problem There nust be a bountiful intake of sensory
material inthe first two years of the child' s life if

he is to attain his potential. There is nomagic in the
age of two years. W are sinply biologically pre-programed
to develop early in life certain skills in response to

certain inputs." (Downs, 1976).

If language is a biologically innate function as is
present|y believed (Lenneberg, 1967; Chonsky, 1966), then
there are optimnumtines for its developnent just as in

any bi ol ogi cal function.

Menyuk (1977) nmamintains that there are "critical years
for the | anguage acqui sition process"”, as denonstrated by
the great progress in |anguage devel opnment nade during early
years. For exanple, she states that the normal hearing
child begins to put words together in sentences by 18 nont hs
of age. H s sentences contain all the basic syntactic
structures he will ever use. Even in the babbling period

of the first fewnonths of life, the infant is naking both
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per ceptual and productive categorizations which may be
crucially inportant for |ater |anguage devel opnent.
Therefore, she says, theterm'early' inearly detection

turns out to be very early indeed.

Early identification is extrenely inportant fromthe
poi nt of view of possible prevention and treatnent. Take
for exanple, an inborn error of metabolism- phenyl ket a-
nuria which is inhibited in an aut osomal recessive nanner.
Inthis case, there is good evidence that the foetus is
protected fromthe consequences of the abnornmal netabolic
processes and that it is only after birth that these give
rise to failure of normal nental devel opnent. Thus, if
this is detected very early in llfe(in the first nonth
preferably), a special diet can be given so that the
hereditary error of metabolism can be by-passed. (Fraser,

1974) .

The value of early intervention in inproving |anguage
skills has been denonstrated in studies of both deaf and
normal hearing children. The Lexington School for the
Deaf conpared two groups of children, one group whose
hearing | oss has been identified, and train instituted,
before the age of 16 nonths; the other group whose hearing
| o0ss was not detected nor training instituted, before the

age of 16 nonths. The results showed that the children
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admtted prior to 16 nonths had significantly superior
speech and | anguage skills as conpared with the after-16-

nont hs group. (G eenstein, et. al., 1976).

Aut osonal recessive forns of deafness are the nost
common and when a couple has a child with hearing | oss
inherited in this manner, the chance that each subsequent
childis affected is 25% which is nore than sufficient
to place further pregnancies in a high risk register.
Early detectionis very inportant in this context also,
so that the know edge that hearing |oss is present shoul d
be avail abl e before the coupl e enbark on a further

pregnancy (Fraser, 1974).

The classical signs of a deficiency in the function of
the thyroid gl and, hypothyroi dism do not nanifest thenselves
when the child is born and often do not appear before the
age of 3 nonths. However, early diagnosis is very inportant,
because nental retardation is nore frequent if adequate
therapy is not initiated before 3 nonths of age (Maenpaa,

1972; Raiti and Hewns, 1971).

[1lingworth (1971) asked i nnunerable nothers as to
how soon they think that parents shoul d be informed that
their child is backward. Wthout exception they answered

that they should be told as soon as possi bl e.
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The nunber of prenatal and peri-natal factors known to
be related to the child s nental and physi cal devel opnent
Is steadily increasing. Sone of the factors are descri bed
bel ow

CGenetic Factors: -

Heredi ary factors play a part in the tendency of
mul tiple pregnancy and prenmature | abour, in the occurance
of hereditary diseases and congenital nal formations.
Mongolian is in part a genetic condition. The overall

ri sk of a nongol being bornis 0.15% (Penrose, 1956).

Haenol yti c di sease and Kernicterus:- GCerrad (1952) found

that out of 19 children with Kernicterus, only 6 had an

| Qof 85 or nore.

Defective Maternal nutrition :- Harrell et. al.(1956)

showed that the nean 1Qof 3 or 4 years old children of
612 wonen who had received vitam n suppl enments i n pregnancy

was significantly greater than that of controls.

Parents Age :- It has been found that the ol der the nother,

the greater is the incidence of ananolies of the CM5. The
role of the father's age is not yet certain. However, it

I s known, that achondropl asia and Al port's syndrone are
associ ated wi th advanced paternal age and both are often

associ ated with nental deficiency (Bl ank, 1959).
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Pre-Mature delivery and snall for-dates babies :-

M Donal d (1967) followed up 1066 children witha
birth weight of 4 I bs. or less. 13,6%of the surviving
singletons and 5.9%of the twins or triplets had cerebral

pal sy, an | Qbel ow 50, blindness or deaf ness.

Irradiation:- Courville and Ednondson (1958) referred to

nore than 60 cases in which nental deficiency was thought

to have resulted fromirradiation in utera.

I nfection during pregnancy:- Jackson and Fi sch (1958)

found deaf ness occurred in 30%of children born of nothers

who had rubella in the first 16 weeks of pregnancy.

Uerine ananolies :- An abnornal situation of the placenta

(eg. placenta praevia) and retroversion of the uterus are
associ ated with a higher than average incidence of prematurity
and foetal ananolies. Bl eeding during pregnancy is

associated with a higher than average incidence of cerebral

pal sy, nongolismand prematurity in the foetus.

Stress during pregnancy:- Wen wonen gave birth to children

within a year or so of release fromconcentration canps,
the incidence of nmalformation in the children and of
nongol s was four or five times greater than the nornal
incidence (Stott, 1962).
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Ef fect of drugs taken in pregnancy: - Met hot r exat e may

|ead to deformties of the nervous system Drugs which
I ncrease the jaundice in a baby, nay danage the brain,
t hey i nclude Pronet hazi ne, sparine, and | arge doses of

Vitamn K (Mller, 1967).

Neonat al Asphyxia:- Ernhart et. al (1960) exam ned 355

children at the age of 3 years, in order to determ ne

whet her those who had anoxia at birth were in any way
different fromthose whose condition at birth was
satisfactory. There was a greater inpairnment in conceptual
ability and the I Qscore was slightly less in the anoxic

children than in the nornal controls.

Qetinism- Froma study of literature and ot her
reported cases, it is concluded that the nmean | Q of
children treated early (in the first 3 nonths) was around
90 and that this figure was significantly better than

that of untreated children, whost nean | Qwas around 50.

Meningitis:- WIlff (1952) studied the intelligence of

children who had neningitis 2 or nore years previous to
study. The nean |1 Q of 26 who devel oped neningitis before
6 nonths of age was 76.3; 4 were idiots. The nean | Q of
27 who devel oped it between 6-12 nonths was 90. 8 and t he
nmean | Q of those developing it over one year of age was

96. 8.
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Thus the reviewof literature regarding the factors
| eading to or associated wi th handi caps |ike hearing | oss,
mental retardation, cerebral pal sy and ot hers, shows that
i n nost cases these have an inportant role in bringing

about the problemvery early in life.

It is also evident fromthe study of rehabilitation
procedures that have been adopted that it is essential to
identify the problemas early as possible to intervene
the deteriorating condition of the case or to initiate the
rehabi litation procedures, without losing the critical age

for various devel opnents.

Attenpts have been nmade for early diagnosis of various
probl ens. The inplenentation of 'H gh R sk Register' and
i nfant screening prograns have nade early identification

possi bl e.

'Screening’ as accepted by Worl d Heal th O gani zati on
is defined as "the presunptive recognition of unrecogni zed
di sease or defects by the application of tests, exam nations
and ot her procedures which can be applied rapidy" (Roberts,
1977). They are not intended to be diagnostic. Persons
with positive or suspicious findings nust be referred to
speci alists for diagnosis and necessary treatnment (WIson

and Laugner, 1968).
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The concept of H gh R sk Register (HRR was introduced
to screen the hearing in the newborn by Janet Hardy, a
Pedi atrician. Thus any child who has a suggestive history
or by its physical appearance suggests an abnormality, is
at risk. Such a child is considered as a H gh R sk I nfant.
In Hardy's concept, H gh R sk Register is an idea of
regi stering every baby who is at risk, and carrying out
systematic fol | ow up every fewnonths, (Downs, 1978)

for the purpose of early identification.

In the course of tine however, the HRR has assuned
anot her neaning, that is, it is alist of conditions

that places the infant at risk (Davis, 1978).

Cenerally, the inplenentation of a HRR requires
sonme one to collect information required for risk
categorization fromvarious sources |ike hospital records,
interviewwith or a witten questionairre givento a

not her, physi cal observation of the child, etc.

There are a nunber of H gh R sk Prograns, |ike
The National Joint Coomttee (NJO on early identification,
The W ah state vide infant HR hearing program The col or odo
I nfant Hearing Assessnent Program etc. InlIndia, a H gh
R sk Register for hearing loss in chidren was Ashok, MM
(1981). Questions have been included to collect information

regarding the follow ng factors:
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1) Famly H story of hearing | oss.

2) Consangui nous parentage, primarily involving
uncl e- ni ece narri ages.

3) Hstory of rashes and fever during pregnancy
irrespective of the trinmester.

4) Report of Rh/blood group inconpatibility.

5) Parental concern about their child s hearing.

The Apgar score is designed to determ ne the physical
condition or viability of the newborn 60 seconds after
birth, and it has established that there is a strong
associ ati on between | ow scores and neonatal nortality.

The scoring nethod is given in the follow ng table.

Scoring Method in Evaluation of condition of Newborn Infant

Si gn score
0 1 2
|. Heart Rate Absent Sl ow( 100) 100
2. Respiratory Absent Weak cry, hypo- Good strong
efrort. ventil ation cry
3. Miscle tone Li np Sone flexion of Well flexed
extreneties
4. Reflex irri- No Sone noti on Qy
tability Response
(response of
skin stinu-
lation to
feet)
5. Col our Bl ue, Body pi nk, Conpl etel y
Pal e Extremties pi nk

bl ue.
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Two of the five parts of the Apgar score are concerned
with crying. The segnent on respiration is a response
to environnental stinulation,ie., change in the environnent.
If there is no crying it isscored zero. |If it is a fair
cry, it isscoredone, andif it is, what Apgar calls, a
good strong cry, it is cored two. The second sign(reflex
irritability) lists 'cry' in response to a tangenti al
foot slap. The diagnostic value of the cry al ong, suggests
the potential inportance of its role within the Apgar

score (Karelitz et. al. 1966).

According to Karelitz(1966), it is possible to
identify the age of an infant by listening to the cry of
that infant. Further he also states that is woul d be
possi ble to use this process of identifying age, baaed on
cry abnormalities inthe child. In this connection he
narrates an instance whi ch nmade himto devel op this
procedure for identifying abnornalities based on cry.
According to him he had identified the age of a child as
four nonths based on the cry of an infant whi ch was separated
fromhimby a partition. But in actuality, the child was
11 nonths old. Further, it was found that the child was
nmentally retarded. Thus cry analysis was consi dered as a

possi bl e procedure in identifying the abnormalities.
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St udi es done by Karelitz and Fisichelli (1962, 63)
showthat there is difference in the latency and threshold
of cries of normal infants and those with brain damage. The

first cry studies were based on auditory anal ysis al one.

Wth the devel opnent of the sound spectrograph by
Potter et. al. in 1940's, objective analysis of cry sounds
has becone possible. Since then, many reaearchers have
been doi ng studies on cry characteristics of normal and
abnormal infant cries. Mre than 20 different cry charac-
teristics like latency, duration, continuity of the cries,
shift, nelody type, voice quality, fundanental frequency,
t he maxi rumand m ni numfrequency, have been neasur ed.

The occurence of doubl e harnonic break, glottal roll,
vi brato, bi-phonation, gliding, furcation, noise concentration
tonal pit and glottal plosives have al so been identified

and neasur ed.

These studi es have shown that cry anal ysis can be
hel pful in differentiating between normal and abnor nal
infants and thus it will becone an additional valuable too
for arriving at the diagnosis and prognosi s of newborn

I nf ant s.

Qying is one of the first ways in which the infant is
able to communicate with the world at large (Gstwal d and

Pel tzman, 1974).
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D fferent authors have offered various expl anations
for the first cry emtted by the child. The function of
the birth cry is said to be entirely physiol ogi cal, having
to dowth the establishnment of normal respiration and the
oxygenation of the blood. It constitutes the first use
of the delicate respiratory nechani sns which are to be
invol ved in speech. It is alsothe first tine that the
child hears the sound of his own voi ce, and, as nuch,

has si gnificance for | anguage devel opnent (McCarthy, 1954).

The first cry is said to have other physi ol ogi cal
pur poses, such as to renove foreign material (Peto), to
| nprove pul nonary capacity in the first days of life (Lang
and Hul I, 1961) or being a defense nmechani smto increase

body tenperature (Watson and Laurey, 1951).

According to Karelitz (1969), the cry probably starts
with a startle reaction created by the first breath. Hope-
fully, this cry is a good one, if not, a nurse or doctor in
the delivery roomtries to stinulate the infant to cry.

It may be by slapping the infant on the foot, backsi de,
back, or by one of several resuscitation techniques. The
fact that the cry is an essential part of |life, alone

adds significance to the study of the infant's cry.
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The first cry inthe infant is said to be very
important. The infant is no | onger dependi ng on the bl ood
circulation fromthe nother, and thus the oxygen supply to
t he body nust be taken care of by the infant itself. To
achieve this, the infant takes the air into the |lungs or
I nhal ati on takes place, which leads to the first cry. A
delay inthe cry would lead to the |ack of oxygen in the
body and thus the infant becones blue. Blue infants are
considered to be high risk infants, showng a history of
brai n danage. Therefore, whenever there is a delay in
the first cry, the cry is elicited by using one of the

several resuscitation techniques.

Qying is the result of the intense expul sion of
air through tightened vocal cords into the pharynx and
mouth as a resonating chanber. The character of the cry
depends upon the intensity of air expul sion, the tension
I n the vocal cords and the shape and fixation of the
resonating chanber, since crying is generally a nmaxinal
type of response, it reflects the capacity of the nervous
system to be activated and al so the ability of the
nervous systemto inhibit or nodulate this activation.
The differences in the ability of different nervous system
to respond could be in the peripheral sensory receptors,
but it seens nore conplex that these differences are in

the nore conpl ex activating systens of the brain, inthe
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brai nstemand t hal anus. Li kewi se, the character of the

not or responses coul d be due to changes in the peripheral
not or control of the expulsion of air, vocal cord tension,
and shape and tension in the supraglottal resonators.

But it is nore likely due to the effects of higher contro
centres in the brain, that act in a nodul ating or inhibiting

fashion on the activating centres.

Thus, one mght say that a 'good cry is one that is
obtai ned wi th a noderate anount of stinulation, has a
duration proportional to the degree of stimulation, but
is readily termnated by central inhibition, and has sone
variability in tonal quality, inplying lack of rigidity
in the neurologic controlling mechanism Therefore, detail ed
know edge of the characteristic of crying sounds in various
condi tions nay be expected to give considerable information

about the nervous system (Parm ee, 1962).

Borma et al (1965) suggest that neurol ogical maturity
is reflected in stability of |aryngeal coordinations and
the degree of nobility of vocaltract el ements during
crying. The sourcefilter theory of speech production pro-
vides a theoretical basis for inferring the effects of
t hese vocal apparatus on the infant's cry. According to

this theory, the power of the speech sound spectrum (P)
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at a frequency(f) is the product of 2 approximately indepen-
dently controlled factors, the source spectrun(S) and the

transfer function (T), that is, /P(f)/=/3(f)/ [ T(f)/.

Vibrations of the vocal card in voiced speech produce
a fundamental frequency (F,) and its harnonies in the source
spectrum The vocal tract configuration determnes regions
of relatively effective transm ssion through the tract which
are represented as resonante frequency in the transfer
function. These resonance frequenci es correspond cl osely
to the frequency locations of formants which are peaks in
t he sound spectrum Consequently, for nost applications,
resonance frequency and fornmant frequency may be used

synonynousl y.

It may be deduced fromthe source filter theory of
speech production that variability of vocal tract el enents,
whi ch affects the resonance characteristics of the transfer
function, is revealed in fornmant frequency variability in
the cry sound spectra. Inadditions, it may be deduced
that variability of vocal card novenent, which affects the
source spectrum is reflected in variability of F, in the

cry spectra.

As the neural ogi cal nmechani sns controlling the voca
apparatus mature, there is increased postural control of

t he vocal cards and the vocal tract and, as a result
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decreased variability in the functioning of these organs.
Since there is greater variability of vocal apparatus for
prematures than full terminfants, it is hypothesized that
the cry spectra of pre-mature infants shows greater
variability of (a) Fundanental frequency and (b) of fornmants,

t han those of full termneonates.

Tenol d et al (1974) have attenpted to findout the
spectral variability in the cries of pre-mature and full -
termneonates. 9 full termand 5 pre-mature infants were
taken for the study. There was no difference in variability
of fundanental frequency between the 2 groups. But pre-
mature infants showed greater variability of cry spectra
than did the full-terminfants. S noe formants are peaks
In the sound spectrum variability of formants will be
reflected in spectral variability. Therefore, greater
instability of cry spectra for premature infants nmay be
interpreted as reflecting |ess postural stabilization

based on the source filter theory of speech production.

Qullen et al (1968) have tried to study the devel opnent
of auditory feedback nonitoring in infants ranging from
24-168 hours of age. 11 nales and 9 fenal es were studi ed.
Vocal cry sanples of these 20 norrmal newborn infants were
recorded under 2 test conditions - synchronous auditory

feedback and a 200 nsec. delay in auditory feedback(DAF).
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Averages for cry duration, pause tine and nmaxi mnum sound
pressure |l evel were obtained for 16 of the 20 subjects.

This study has denonstrated that a 200 nsec. delay in the
air conducted auditory feedback of the cry of a newborn
infant i1s associated wth a significant decrease in average
cry duration. This result is at variance with the consistent
observation that the average devi ati on of connected speech
events far children and adults increases under DAP (Qull en,
Fargo and Chase, 1968). The results, while not concl usive,

I ndi cate that cry behaviour nmay be under closed | oop

audi tory-feedback control.

Karelitz(1969) carried out a longitudinal study on the
nor mal devel opnent of cry in a baby firl. The first recording
was nade at the age of 2 days shortly before the infant was
fed. The cry response cane imediately after a finger flick
was applied to the infant's foot. The duration of each
burst of cry lasted as long as the infant had exhal ed and
was followed by a sharp intake of breath. The rhythmwas
rapid but regular and the intensity was great. The cry
dimnished in frequency and intensity gradually until it
stapped, this sequence was repeated wi th each pai nful

sti mul us.

The cry at 4 days was simlar to but, a bit stronger

than at 2 days. At one nonth the cry was still rapid and
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rhythmc, and coughli ke sounds could be heard. The cry at
2 nonths was still rhythmc, but this rhythmpattern was
sonewhat slowed by the Iengthening of the inhalation and
cry. Inflectional variations and a plaintive quality were
evident at 3 nonths. The repetitive rhythmc pattern which
Is evident in a younger infant's cry was no |onger characteristic
of the cry at 6 nonths. At 9 nonths the cry was inflected
and plaintive with greater variations in pitch, and the

di stinct syllable, "ah-ha" occured throughout. At 12
nonths, the qualities of the 9 nonth cry were still present
but sonmewhat intensified. Recognizable words were inter-
spersed t hroughout the crying at 18 nonths. At 2 years-

the child communicated with words as well as with the cry.

Fundanental frequency characteristics of non-distress
vocal i zations produced by four infants during the first 24
weeks of |ife were exam ned by |aufer and Haru (1977)

Peri od-by-Period P nelody plots and descriptive statistics
for each utterance were derived from conputer anal ysis.
Mean FO centered around 335 Hz with little variation.

| ndi vi dual Fb fluctuations deviating fromthe nean were
felt to be associated withthe infant's state, activity

| evel s and changi ng vocal repertoire.

Keati ng and Buhr (1978) studi ed t he fundanent al

frequency in the speech of 6 children, ranging in age
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from33 - 169 weeks. Wterances were divided into 3

regi sters: fry register, nodal register and hi gh
register. The overall range of frequency in fry register
was 30-250 Hz. Wterances containing nodal register
conprised the bul k of the sanples for each child and the
overall range of frequency in nodal register was 150-

700 Hz. In addition to these high nodal val ues, the
occurance of a separate high regi ster was al so not ed,

The data for this sanple of 6 children shows that both
very | ow and hi gh fundanental frequencies are comon at

al | stages of |anguage acqui sition.

The course of crying activity was traced at successive
intervals after birth: one mnute, ten mnutes, then 2, 4,
6, 24, 48, 72 and 94 hours after birth, for 24 infants with
Apgar scores from 8-10(H gh Apgar group) and 12 wi t h Apgar
scores from4-6(Low Apgar group). These 36 infants were
studied longitudinally, in addition, 70 infants were
studied 'cross-sectionally' (ten at each of seven tine
interval s corresponding to those in the | ongitudinal group).
A cry index (C1) was devised incorporating cunul ative
tinme of crying, the nunber of bursts in the cry, and
threshold. The findings indicate: (1) The curves
describing cry activity showa drop at 4-6 hours for all

three groups w th subsequent recogery for all.
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(2) No differences were found between the 'Low Apgar

and the 'cross sectional' groups in crying activity.

(3) It is suggested that the depression in crying activity
for the majority of infants between 2 and 6 hoursafter
birthis traceable to 'fatigue'. The effort expended in
the act of birth, the transition fromplacental to

pul nonary breat hing, the violent and sudden extension

of the diaphragm possible chilling in the i mmediate
postnatal period, the type of delivery, perhaps even

the sedative effects of drugs admnistered to the nother

in labour, all may contribute to the depression found

in these early hours of life (Eisichelli, Karelitz and
Haber, 1969).
A simlar study was carried out by Fisichelll et al

(1974). 71 nmale and 87 fenmale normal full terminfants
were taken and their crying activity in response to painful
stinmul ation was recorded at successive ages from5 hours

t hrough 52 weeks of age. They found that, although there

IS considerable variability in the crying response to
stimulation which is painful, at any of the age |evels
specified in the study, reactivity is lowat 5 hours of

age, increases at 2 days of age, and then renains relatively
stabl e upto 12 weeks. Thereafter, it di mnishes nmarkedly,

or at the least, the overt cry reaction is suppressed.
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Thus, it has been stated that the course of the cry
reaction curve is primarily a function of age. This

vi ew has been supported by additional findings, which also
rule out the major determnants, i.e., systematic
adaptation affects, sex differences, and gross differences
in1Qlevels wwthin the group studied. The authors

hypot hesi ze that, this lack of cry reaction is a maturing
response and that it may be related to the correspondi ng
maturation of central nervous processes w thin the

i ndividual at 3 or 4 nonths of age.

Karelitz et. al.(1964) explored the rel ati on between
the crying of infants four to ten days of age and
intelligence as well as speech devel opnent |evel at 3
years of age. The cry sanples were taken from 36 infants
4 to 7 days of age, one infant of age 8 days and anot her
of age 10 days. 30 were given the Catell Infant Intelligence
scal e between 15 and 20 nonths of age. All 38 were
retested at 3 years for intelligence wwth FormL of the
Stanford-Binet. Al so they were given a speech eval uation
test, whichwas prinarily an array of articulation, using
a picture test. Qying scores showed a significant
correlation (.45 with Stanford-Binet 10 at 3 years, a

borderline correlation (.32 wth Catell 10 at 15 to 20
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nont hs, and a non-significant trend with speech ratings at
3 years. Al though no correlations were adequate for

i ndi vidual prediction, the authors consider that further

i nvestigation of infant crying as a possible indicator of

intell ectual potential should be done.

Li eberman et. al . (1971) studied the neonatal cry and
conpared it with vocalization of non-human primates. The
spectrogramof the cry of a male infant during the 1st
five mnutes of life revealed a fundanmental frequency of
phonati on of 400 Hz. Energy concentrati ons appear ed
approximately at 1.1, 3.3 and 5.8 KHz. The aut hors say
that one can infer the configuration of the infant's
supra-|l aryngeal vocal tract for this vocalization by
maki ng use of the acoustic theory of speech production
(Pant, 1960. This theory allows one to infer that the
supral aryngeal vocal tract configuration of this infant
approximated a 7.5 cns long uni formtabe open at one end.
The formants of such a tube will occur at 1.1, 3.3 and
5.5 KHz., since it wll have resonances at intervals of

(2K+1) C where C= velocity of sound, L= Length of tube
4L

and Kis an integer O.

Li eberman et. al.(1971) believe that the energy

concentration at wi dely spaced regular intervals, reflect
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the formants of a supra-|laryngeal vocal tract shape that
resenbles a uniformtube that has simlar open boundary

conditions at each end. Simlar effects al so appear to

occur during the vocalization of non-human prinates |ike
apea and nonkeys. It is also found that fundamental

frequency of phonation, in general, was not stable during

t he neonatal cry.

The infant cry sound has interested researchers of
different disciplines for a long tine and several nethods
have been utilized for cry analysis. Oy studies of
I nfants have been done by auditory anal ysis, w th nusica
not es, phonetic transcription, volune unit graphs and
anal ysi s by using el ectro-| aryngograph, spectrograph

and conput er anal ysi s.

Auditory | nvestigations: -

One of the first reports of the acoustic structure of
infant cries was published in 1838 by WIliam Gardi ner.
He described the cries and calls of both humans and ani nal s
by neans of nusical signs. According to Gardi ner, the
tones of infant crying generally |lie between the notes
A and Ein the mddle of the piano key board. The initial
expiratory conponent is usually the nost prom nent features

of the cry; it lasts about a second on the average and has
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an up and down nel odic pattern. The inspiratory conponent

of the cry is nuch shorter

Charles Darwin (1855) was also interested in the
crying of infants. He nade notes on scream ng and
weepi ng of infants and was nmainly concerned with the
vocal anatony and devel opnental physiol ogy of speech in

relation to the expression of enotion.

Fl atau and Qut zman (1906) used nusical notation and
phoneti c al phabet to describe the cries' vocalic and
consonantal features. They recorded the cry of an infant
with troubled breathing. The pitch of crying was about

one octave higher than that of normal infants.

Sherman (1927) tested auditory identification of
infant cries. The infants were placed behind a curtain
and different kinds of stimuli |ike cold, hunger, and
anger were used to evoke cries. Sherman (1927) found
that graduate students in psychol ogy, medicine and
nurses were unable to differentiate between the various
cries. Qhers |like Bayley (1932), Fairbanks (1942), and
M Carthy (1952) have found differences in infant crying

with various stimuli.

War z- Hockert et.al.(1964) constructed an experi nental

listening tape with 24 selected short cry sanples from
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normal , healthy children. The cries were classified as

bi rth, pain, hunger and pl easure cries. These cries were
pl ayed to 483 adults, and it was found that those who had
vari ous degrees of experience in child care could identify
the cries nore accurately than those who had no previous
experience of infant cries. Due to their ability to
recogni ze the birth cries, mdw ves obtai ned the hi ghest
percentage of correct responses. Also, it was found that
training increased the ability to recognize different

ki nds of cries.

Smlar results were found by Mrsback and Mirphy
(1979). The hunger cry of five full terminfants was
recorded between 2 and 4 days of age. 20 pairs of cries
were played back to subjects, who were asked to judge
whet her each pair represented the cries of the same
baby or of different babies. Subjects belonged to five sub
groups - mdw ves, parents with children above one year,
non- parents who sone tines have contact w th babies or
smal | chidren, and non-parents who have no contact with
babi es or small children. Results showed that there was
no significant difference between the |ast four groups.
The percentage of correct natching by mdw ves was hi gher
than that of the other groups. This seens to indicate

that the ability to discrimnate between baby cries is
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not mainly due to the anount of exposure to one particul ar
infant, but to the anmount of handling of several infants

I n a professional capacity.

The ability of nothers to recogni ze the vocalizations
of their own infants has been confirnmed by val anne et. al .

(1967).

Hollien, Miller and Murry (1974) studied the ability
of 18 nonths to to perceptually differentiate cry sanpl es
elicited by 3 different stinmulus conditions - Hunger, pain
and auditory stinmulation. In sone instances, the nothers
were eval uating cries produced by infants w th whomt hey
were unfamliar and in other cases they judged cries
produced by their own infant. The results indicated that
the 18 nothers were unabl e to successfully nmatch the cry
sanples wththe 3 cry evoking situations. The authors
hypot hesi ze therefore, that within the normal hone
situation, the cry generally acts sinply to alert the
not her, and that any of her suppositions concerning the
situation that evoked the crying behavi our nust be based

upon addi tional environnental cues.

Murry, Amundson, and Hollien (1977) noticed that an
infant's sex could could not be reliably identified on

audi tory basi s.
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Auditory differences between the crying of sick
infants and heal t hy ones have often been recogni zed by

pedi atricians. Illingworth (1955) states that, "a
clinician recogni ses the hoarse, gruff cry of cretinism
the hoarse cry of laryngitis, cerebral irritability, the
grunting cry of pneunonia, the feeble cry of anytonia or a
severely debilitated i nfant, and the whi nper of the

seriously ill child."

Various groups of physicians, nurses, students and
ot hers have been tested on their ability to distinguish
between 'normal' and 'abnormal’ cry sanples. The results
were not statistically significant. Rosenfield (1959)
states that, "while these data based on 4 nornmal and 4
abnornal cases nmay not support the generalization that
t he popul ation of abnormal infant cries is recognizably
different fromthe popul ation of normal infant's cries,
they strongly suggest that this is a possibility that

shoul d be and is being explored."

Partanen et. al.(1967) found that audi bl e differences
wer e recogni zabl e when the cries of healthy newborn infants
and those w th asphyxi a, brain danage, jaundice or Down's
syndrone were conpared by 45 pediatricians and 37 nedi cal

st udent s.
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The test tape included 20 pain cry signals representing
8 normal and 3 cries each fromthe other groups. A few
nonths training inproved the ability of medical students

to recogni ze cry types.

Tape recorded cries of 21 infants wi th Down's syndrone
were anal yzed for audi ble characteristics such as bursts,
whi npers, gasps, etc by Fsichelli et.al.(1966). These
cries were conpared with cries of 21 normal infants
mat ched for age and sex. Nearly all the characteristics
nmeasured showed significant differences. In general, the
cry of the normal infant is nore active and | asts | onger
than that of the nongoloid infant. The nornal infant also
shows greater sensitivity than the nongoloid infant; the
normal infant requires less stinulation to produce crying
and his reaction tine is faster than that of the infant

wi t h Down' s syndr one.

The phonetic structure of the cry was studied in a
further effort to differentiate between the cries of
normal and abnornal infants (Esichelli et. al., 1966).
Tapes of 10 abnormal infants randomy sel ected at each of
three age levels - the first week of life, approxinately
6 nonths, and close to one year, were matched with tapes
of nornmal subjects according to age and sex. The phonetician

then transcri bed the recordings in the 'lInternationa
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Phoneti c Al phabet'. The followi ng results were obtained
(1) The phonetic content of the cry for both normal and
abnormal infants is predomnantly made up of vowel sounds.
These tend to decrease with age as the nunber of consonant
sounds i ncreases.

(2) There is no significant difference between nornmal and
abnormal infants in the percentage of specific sounds

pr oduced.

(3) Normal infants produce significantly nore tota

sounds than do abnornal infants; they al so produced nore
vowel sounds than do abnormal infants. Abnornal

infants produce significantly nore nasal sounds than do

normal 1 nfants.

The anmount of crying or cry duration of snall
babi es has al so interested researchers. Al drich et.al.
(1945) neasured the anount of crying in 50 newborn infants.
The average crying tine during the first 8 days of life
was 117 mn./day. Less crying occured ininfants with
nore nursing care. The main cause for crying was

identified as hunger.

Qeenberg et. al.(1967) found that 7 newborn babi es
who were clanped early after delivery were nore alert and

cried nore than 7 late-clanped infants.
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Rebel sky and Bl ack (1972) found that 1-3 week old
infants cried 14-34 mn./day during a 7-8 hour peri od.
The anount of crying increased during the first six
weeks of life froman average 22 mn./day to 34 mn/day
and decreased thereafter. The nunber of hours in which
there was sone crying did not change nuch between 1 and

13 weeks of age.

Fisichelli and Karelitz (1969) investigated the
effect of the stimulus intensity on the latency and tot al
time - the tine in seconds spent in crying (not nore
t han 60 seconds) including interruptions inthe cry
(lasting less than 10 seconds). 2 rubber bands - No.

32 and No.30 with inpact forces of 4.2 and 6.2 respectively
were used to induce the pain cry. Two groups of nornal

I nfants, who were 2 days of age, 10 in each group, were
studied. The first group received the nore pai nful No. 30
first and second group received No.32 first. Fisichelli
and Karelitz (1969) state that "within the limts
prescribed by the conditions of this study, nore intense
pai n produces a |onger, nore concentrated and nore

productive cry: Latency is not affected."

Rosenhouse (1980) anal yzed the cry recordi ngs of
her own daughter at the age of 6-8 weeks along the tine

axis. 3 types of cries were recorded : hunger, pain and
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ilIness cries. For the duration analysis, the recorded
tapes were passed through a ferrograph tape recorder to
a Buel and Kjaer level recorder. By show ng down the
recorded cries to half their nornmal speed and adj usting
t he paper and pen speed of the |evel recorder, a good
display of the cries were obtai ned. The distances on

t he paper were then converted into tine units (ns).

Each cry was ticked individually as it was heard, while,

si mul t aneousl y wat chi ng the pen noti on.

Fromthe cries as heard by the ear and seen on the
| evel recorder tracings, it was clear that different

cry types have different structures.

The single cries were classified into 3 groups: -
(1) Short cries, of upto about 600 nsec.
(2) nmediumcries, upto about 1.5 sec.
(3) long cries, above 1.5 secs. The longer the cries, the
nore space there is for intonation - structuring conplexity.
(exanple - rise-fall-rise vs rise-fall in various sizes

of 'nedium hunger cries).

The pauses were classified into 2 types:-
(1) Inhal ati on pauses - short pauses of about 300 nsec

whi ch serve only for rapid intake of air between consecutive

Cri es.
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(2) pauses which are | onger than 300 nsec, and serve

besi des inhal ation, also for rest or relaxation of the baby.

Thi s group of pauses were divided into 2 sub-cl asses:
pauses upto about 1.5 - 2 secs, which do not necessarily
seemto signify the end of a cycle of crying and above

2 secs, which always indicates an end of a cycle.

Rosenhouse, found the rel ati on between the cries and
pauses of the different cry types by observati onal

conparison of the figures of cries and pauses.

(1) Pain sequences - when there is a long cry, next to

it there is usually a |ong pause, when the cries are
short, there are usually short pauses next to the cries
(symmetry).

(2) Hunger sequences - Wen thereis a long cry, thereis

a short pause next to it and when there is a short cry,
next toit there is usually a |ong pause(antinetry).

(3) Illness sequences - No obvious relation between |ength

of cries and pauses such as the 2 above, has been found

(irregularity).
(4) Fatigue sequences - These conbine both the antinetric

patterning of hunger sequences and the symmetric patterns

of pain sequences, with sone preference to the antinetric

pat tern.
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Rosenhouse further reports that sub-cycles and |inking

units are internal parts of cycles of cries. sub-cycles

are simlar to cycles in that they have patterning of the
cries in durational and acoustic terns, but they are not

cut off fromone another by |ong pauses |ike cycles. Sub-
cycles may be on edges or the inside of a cycle, and they
are separated by linking units on one side at |least. The
linking units are small groups of short cries surrounded

by pauses longer than those cries and which are found wi thin

the cycles only.

Rosenhouse (1980) concl udes that these findings support
the assunptions that the feature of duration is not
accidental inthis baby's cries. Durationis also an

i nportant feature of |anguage structure.

Studies on cry |atency have al so been done, as it is
known to be a reliable indicator between normal and abnornal
cries. Oy latency is defined as the tine which el apses
bet ween t he nonment of painful stimulation and the onset

of cry.

Fisichelli and Karelitz (1963) neasured the cry
| atencies of 117 normal and 69 abnornal infants. They
found that - (1) 46%of all the abnormal infants and

45%of the matched abnornal infants gave no response at all
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tothe first stimulus. 12%of all the normal infants and
9%of the normal ones in the matched group, did not respond
tothe first stinulus. (2) For the infants who responded,
the nean latency tine of the normal matched group was

1.6 seconds and the nean of the abnormal matched group

was 2.6 seconds. (3) The difference between cry | atencies

of males and fenales was not statistically reliable.

In the analysis of 50 pre-matures (39 healthy and 11
with pul nonary di sorders), diss and Hol en (1968) found
| atency variations from0.9 to 6.0 seconds. The |atency

peri od decreased with repeated stinulation.

According to Siruio and M chel son (1976), the wakeful ness
of the infant i.e., whether the infant is deeply asleep or
awake, is also an inportant factor in determning durational
features, especially latency. Latency, according to the
above aut hors, is also influenced by the inspiration -
expiration cycle, i.e., whether the stinmulus is given

during the inspiration or expiration period.

The cry threshold is the amount of stinmnulation required
toelicit at least one mnute of crying fromthe infant.
Studies on cry threshol d have been carried out by Karelitz
and Fisichelli (1962). They subjected 293 childrento a

standardi zed stinul ati on procedure in order to determ ne
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their cry thresholds. They found that abnormal infants
require nore stimulation than nornmal infants in order to
evoke the sane anount of crying. Also, the diagnosis of
‘normal* or 'abnormal’' based on whether the infants responded
with one full mnute of crying or not was statistically
significant. Younger normal infants did not cry as readily
as older normal infants. In the abnormal group, they

found that ol der abnornmal infants cried nore readily than
younger abnormal infants, but not as readily as nornal
infants of the sanme age group. Thus, they have concl uded
that the age of the subjects seens to be a critical fattor
inresponding to stimulation. No significant sex differences
were found. Karelitz and Fisichelli (1969) al so noted that

ei ght rubber band stimuli were the naxi mnum nunber required

toelicit the cry.

The node of stinmulus to elicit the cry has varied
fromthe use of a rubber band apparatus, to pinches and
snaps. Preference has been givento paincries, as this
cry type can be standardized. El ectric or thermal stinu-
| ati on used by sone as painful stimuli were not recomrended,

because of possi bl e objection by parents.

The stinulus used by Karelitz and Fisichelli (1962)

to induce crying was supplied by the map of a rubber band,
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stretched fromits ordinary length of 7.4 cns to about 23 cns
on a gun-shaped apparatus. A new band was used for each
infant. The tine when the stinulator was placed at the
centre of the sole of the infant's foot and the tine when

t he rubber band was rel eased was noted. |f there was no
response or the crying stopped quickly, 10 seconds rest

was gi ven before the stimnulation procedure was repeat ed.

This was repeated only 7 tinmes and if it did not produce

one full mnute of continuous crying, it was followed by

3 clusters of 5 scratches with the nail of the index-finger
on the sole of the foot. |If this also did not induce crying,
the centre of the sole of the foot was flicked once with

the i ndex finger.

According to Siruio and M chel son (1976), a pinch
of the infant's beceps or ear is a good way of eliciting

a pain cry signal.

Parm ee (1962) has stated that the cry is always the
maxi numtype of response to a stimulus and the node of
stimulationis therefore, of less inportance. This has
al so been supported by Murry, Hollien and Mirphy (1975),
who did not find any correl ati on between different types

of stimuli and cry.

Vol une-unit graphs is another technique for anal ysing
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infant cries. Basically, here the tape recordi ngs of

infant cries are converted into printed records.

The equi prment consists of a nmagnetic tape recorder-
pl ayer equi pped with a V.U neter which permts visual
nonitoring of the signal. The deflections of the needle
inthis meter is recorded graphically by connecting this
to agraphic- mlliameter. The signal is anplified
before being relayed to the graphic-ameter. This
provi des a variable control of the signal entering the

ammet er.

The V-U graphs depi ct the continuous vol une changes
occuring inthe infant's cry. The V-U graph presents a
clear picture of the onset of crying, the nunber of bursts,
their relative intenslty, and the pattern of ascent and
descent. Since the graphic ammeter runs on a synchronous
notor, tineis readily neasured. Thus, given a stimulus
to induce crying, the cry latency period can be neasured
to a fraction of a second. The duration of each burst and
the intervals of silence can be neasured in the same way.
The hei ght of each curve is anmeasure of its intensity
expressed in mllianperes. The ordinate scale is from

zero to five mllianperes.

The clearly observabl e curve characteristics may be

transforned nunerically in the follow ng manner: Each
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curve has an ascendi ng period, a peak, and a descendi ng
period. The sinple peak consisting of an ascendi ng
period, a peak and a descendi ng period may be gi ven the
notation 0-0-0. No volune change, in addition to the
fundanmental upswing and fall, occur during ascent (first
position), at the peak or during the fall. When additiona
vol une activity does occur, the order of notation wl|

I ndi cate whether it occured during ascent (first position),
at peak (second position), or during descent (third
position). Cardinal nunbers nmay be used in these three
positions to indicate the nunber of vol une changes which
appear. The notation 1-2-3 describes a curve in which the
ascent shows one instance of additional activity, the

peak shows two such changes and the descent shows three.
The peak of 1-2-3 curve has three points since the

notation indicates thattwo additional changes have occured.

The relative intensity of each curve is neasured
directly fromthe graduated chart as is the duration of
the outburst. The conplete notation for a particular curve
may read 0-0-0-4. 3-1.4: This spike of intensity is 4.3
mllianps and lasting 1.4 seconds. The V-U charts have
been especially useful in providing a neans of neasuring
the tenporal relationships withinthe cry (E sichelli,

Karelitz, E chlauer, and Rosenfield, 1961).
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The frequency and anplitude characteristics of
i nfant cries have been anal yzed usi ng conputer. The
frequency and anplitude characteristics are directly
anal yzed by neans of a digital conputer programed for

processi ng of such data (Gstwald and Pel tzman, 1974).

Conmput er nethod of analysis are avail able for
testing the hypotheses of greater variability of funda-
nmental frequency and of cry spectra for pre-mature
infants. Wen a fundanental and its harnonics are
present in the |log power spectrum a peak appears in
the cepstrum (the power spectrumof the |og power
spectrun) at a 'que frequency' in nsecs, which is reciprocal

of the fundanental .

The test for stationarlty nmay be used to determ ne
the variability of cry spectra. In this nethod of
tine series analysis, the data are divided i nto equal
parts and a spectrumis estinmated for each part. The
test for stationarity determnes whether the true
spectrumis the sane for all parts or different, that is,
whet her the time series is stationary (non-variable) or

non-stationary (variable). (Tenold, et. al., 1974).

In the objective anal ysis of the acoustical signal, a
great advancenent was nade in 1947, when Potter et.al .,

i ntroduced their sound spectrograph. A sound spectrographic
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study programwas started in Helsinki, Finland, in 1961.

I n sound spectrography, the cry signals are converted into
a permanent visual recordings where different paraneters
present in the cry signal can be neasured. There are
several brands of sound spectrographs avail abl e; however,

the principles of operation are basically the sane.

The anal yzi ng node can be either time versus frequency
or anplitude versus tinme. The spectrographic paper is
rolled on the rotating drumof the apparatus. 2.4 seconds
of acoustical information can be displ ayed. when the drum
rotates, a stylus noves fromthe bottomof the drumto the
upper part of it and bums the paper dependi ng upon the
frequency and intensity of the signal, with the time on the
horizontal axis and the frequency distribution on the
vertical axis. The intensity of every point intineis

seen as a variation in the darkness of the marKking.

I n the normal node of operation, analysis of the
signal upto 8000HZ i s possible. In cry analysis, however,
an upper limt of 4000 - 5000 Hz is usually sufficient
to cover the frequency range. There are two types of
filters, the narrowband filter with the band w dt h of
45 Hz and the wide-band filter of 300 Hz. The narrow
band filter displays the fundanental frequency and its

har moni ¢ overtones on the spectrogramas dark |ines and
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Is usually preferred in cry analysis. In the narrow
band anal ysis, the first horizontal line in voiced cries
Is the fundanental frequency and represents the rate of
vi bration of the vocal cords. The harnonics are seen on
the spectrogramas precide multiples of the fundanental.
In analysis, with the wide band filter, the fundanental
frequency can be cal cul ated fromthe nunber of verti cal

striations per second.

M chel son and Siruio (1976) have indicated the
various paraneters that can be neasured fromthe

spectrograns of cries.

Durati onal Features: -

The latency period is defined as the tinme between the
application of the pain stimulus and the onset of crying.
I n nost studies, the |atency neasurenents are started
at the nonent on the spectrogramor oscillogramwhen the
person recording the cries says a word as a narker to
note the application of the stinmulus. Sonetines, the
very first sound emtted by the infant is a cough-1like
sound. The difference in the latency period when neasured
fromthe stimulus to the "main cry', instead of the first
audi bl e sound, is notable. R ngel and Kl uppel (1964)
t ook two neasurenents todetermne the |atency period, the

time fromthe stinmulus to the first response of the infant
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and the tinme fromthis first short sound to the main
signal. The states of arousal and hunger can change the

| atency period. The latency period can al so be influenced
by the tine when the pinch is given during the respiratory

cycle (i.e., during inspiration or expiration).

Duration:- is measured fromthe onset of the crying to

the end of the signal, and consists of the 'tota
vocal i zation occuring during a single expiration or inspi-
ration'. At the onset of crying, the intensity of the

voice is usually very high. The end of the cry signa

can be characterized as a 'fade-out' where the intensity

of the signal gradually decreases. This sonetines

causes problens in neasuring as the signal is audible
although it is not visible on the spectrogramor oscill ogram
The end of the vocalization can be visualized by increasing

the reproduce |evel on the sound spectrogram

The identification of the inspiration is often diffi-
cult on the spectorogram Auditorily, the inspiration
can be identified on the recording tape and a conpari son
of the auditory and visual inpression, nakes the

recognition on the spectrogrampossi bl e.

Intheir first studies, Warz-Hockert et. al.(1968)

did not neasure signals less than 0.4 sec if |ocated at
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the beginning or the end of the phonations. In the
studies carried out by Siruio and Mchel son (1976) all
durational features exceeding 0.1 second were included

I n the neasurenents.

The term 'second pause' has been given different
expl anations by different investigators, Wuorenkosk
et.al.(1966) and M chel son (1971) defined the second pause
as the tinme between the first and second vocal i zati on.
Siruio and Mchel son (1976) refer to it as the tine
i nterval between the end of the signal and the foll ow ng
inspiration. In studies by Lind et. al.(1966) and
M chel son (1971), the second pause was consi dered as

abnornal if it exceeded one second.

| n neasuring the above durational features, a change
inthe nmeasuring criteria is made. Changes in inter-
relations of the three factors woul d al so occur.

The crying tinme has been defined as the tine from

the onset of crying until the child stops crying.

The fundanental frequency

MaximumPicth:- This feature refers to the highest

nmeasur abl e poi nt of the fundanental frequency seen in the

spectrogram

MnimumPitch :- is the |owest neasurable point in the

fundanmental frequency seen on the spectrogram The m ni num
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pitch is neasured in the | owest part of the fundanental

frequency, where the harnonics are still clearly visible.

When the cry is voiceless or contains noise el enents,
t he fundanental frequency cannot be determned. In
glottal plosives and glottal roll, the fundanenta

frequency cannot be neasur ed.

Shift denotes an abrunpt upward and downward novenent

of the fundanental frequency. The shift part has been

I ncl uded i n the neasurenents when the signal exceeds 0.1
sec (Mchelson et.al., 1977) or 0.2 secs. (Wrz-Hockert
et.al., 1968; Mchel son, 1971). The nunber of shifts,
the pitch, the duration,and the nel ody type of the shift
part can be used to specify the cry type, but has not

been i nvesti gat ed.

The shorter part of the phonati on has been consi dered
the shift; this is in agreement with the audi bl e expression
of the sound. Stark, Rose, and Mc Lagen (1975) define the
shift as a pitch break not due to halving or doubling of
the fundanmental frequency. But in studies by the Finnish
research group, it has been noted that when a shift occurs
It is often due to an exact hal ving or doubling of the
fundanental and, because of this, it is sonmetinmes difficult

todifferentiate the shift fromthe doubl e harnoni c break.
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In cries of healthy infants, the cry often starts
wth a shift part, whereas, in cries of infants with
Central Nervous Systemdi sorders, it seens as though
shifts inthe mddle and the end of phonations are common
and that there is an overall instability of pick. Wenever
two or nore shifts occur in the sane cry signal, only the

maxi mum frequency of the shift is nmeasured.

The nel ody type of the fundanmental frequency has been
classified as falling, rising-falling, rising, falling-
rising, and flat. Wen the frequency is very unstabl e,
voi cel ess, or consists only of glottal plosives, often
no nmel ody type is detectable. Warz-Hockert et.al.(1968)
define the cry type as falling or rising when there is
at least 1 10%change in pitch level during nore than
10%of the duration of the cry. Stark et. al.(1975)
have defined the nelody as a flat, rising, or falling

pitch contour, or a conbination of these contours.

The glottal roll, or vocal fry, is a sound with
very | ow pitched, voiced fundanental frequency and
usually has a lowintensity. dottal roll occurs often
at the end of the phonations. Duration neasurenents in
cries which end with glottal roll can sonetinmes be
difficult to determne as the intensity of the glottal

roll decreases, which usually will not be within the
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dynam c range of the sound spectrograph. Wen it is
within the dynamc range, an increase in the mark |eve
of the spectrograph nakes the glottal roll visible on

t he spectrogram

The glottal roll can be preceded by a Vibrato or
vibrato can occur by itself. Vibrato is considered to
have occured when at |east four successive, rapid up and
down vi brati ons have been noticed. Vibrato is
characterized by frequency vibrations that appear nore

clearly in the upper harnonica.

Oy signals have been classified as continuous or

interrupted based on the continuity of the signal.

There are other features related to fundanental frequency.
Doubl e Harnoni ¢ break (or sub-harnonic break) is defined
as a parallel series of harnonics which have the sane
nel ody formas the fundanmental frequency and occur sinu-
taneously with the fundanental. There may be a doubl e or

treble series of parallel harnonics.

According to Stark, Rose and M Lagen (1975), the
doubl e harnoni ¢ break gi ves an i npression of roughness of

voi ce, but not a pitch change.

Bi - phonati on or dipl ophonation is considered as a
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doubl e series of fundanental frequencies. In bi-phonation,
the two or nore series do not have a parallel nelody form
(e series can be falling, while the other can be sinmul-
taneously rising, unlike in double harnonic break.

(Mchelson et. al., 1977).

diding is a very rapid up and/or down novenent of the
fundanental frequency,and its duration is generally very
short. The change in the frequency of the fundanental tope
nmust be at least 600 Hz in 0.1 seconds to be considered
as gliding. dQiding should be neasured only fromthe
fundanental frequency, and not fromthe harnonics.

eliding seldomoccurs in cries of healthy infants.

Furcationis a termdenoting a "split' in the
fundanmental , where a relatively strong cry signal suddenly
breaks into a series of weaker ones, with each of them
having its own fundanental frequency. This feature is
seen only in pathological cries. Noise concentration
denotes a clearly audi bl e, high energy peak of 2000-2500 Hz,
found both in Voi ced and Voi cel ess parts of the signal.

This is uncommon in the cries of healthy babies.

Tonal pit refers to a rapid dowward and upward
novenent in the fundanental frequency. Wen the fall in
pitch exceeds 30%and occurs in less than 0.4 secs, then

this characteristic is considered to have occured.
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dottal plosives have not been defined clearly. The
termis sonmewhat m sl eadi ng, because it denotes not only

glottal plossives, but also, all other kinds of plosives.

The | oudness of the cry sound is displayed on the sound
spectrograph by darkness of the lines. The |oudness of the
cry sound i s dependent on the distance fromthe m crophone

to the infants nmouth and is difficult to standardi ze.

Based on the above characteristics it has been posible
toidentify abnornmalities in infants. Apart fromanalyzing
t he various acoustic features of infant cries, sone
I nvestigators have attenpted to gi ve a behavi oural classi-

fications of infant cries.

In 1962, Warz-Hockert et. al. reported their first
findings on sound spectrographl c anal ysis of birth,

pl easure, hunger, and pain cri es.

Wl ff (1969) described three cry types: the basic

cry, the mad or angry cry, and the pain cry.

Stark, Rose and Benson (1978) designed a study
based on the assunption that nore infornmation woul d be
yielded by first classifying infant vocalization behavi our
and then conparing the auditory and the acoustic features
of each class, then by using any of these |evels of

anal ysis along. oss sectional data were obtained from
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frcminfants whose birth and neonatal histories were
normal. 2 infants were recorded at each of the follow ng
ages: 2, 4, 8, 12, 16, 20, 30, 35 and 40 weeks. 3 judges,
all of themhad prior experience in listening to infants,
classified the vocalizations. The definitions prepared

by the listeners are as foll ows:

cry sounds(C) - Series of sounds produced in acute distress
due to hunger, pain, tenporary absence of parent, etc.

D sconfort sounds (D - Sounds which are produced in

di stress of a | esser degree than i n(C).

Veget ative sounds (v) - Cough, burp, sneeze, hiccup,

sucking, snort, etc. QGunts nmade with effort or inthe
course of activity; sighing after effort; grunts and
sighs nmade as breathing is interrupted by swallow ng or
ot her vegetative activity.

Laugh sounds (L) - Series of sounds produced in delight.

Gonfort sounds (K) - Sounds produced in confort eg., when

bed and di apher ed.
Speech of vocal play (S) - Sounds which result from

noverent of the supra-glottic articulators(eg. friction
sounds, stops or clicks). Also, series of vowel -1ike
sounds with overall intonation contours which seens speech-

l'i ke.

Rosenhouse (1977) studied different cries of her own
two nonth old child in order to understand better, the

di fferences between cries which are apparently elicited by
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different stimuli. The recorded cries were |ater anal yzed
by the Sonagraph 6061 B (Kay el enetrics). Subjective

anal ysis of the cry types was al so carried out.

Four groups of cry-types were classified : pain,

hunger, illness and alarmcri es.
(1) Hunger cries:- Hunger cries have a very |ong
introductory stage. In the introductory stage, the

cries are rather short, relatively |owvoiced and
separated by | ong pauses. As the baby's awareness of

t he sensation of hunger gets nore acute, in the second
stage, the cries becone gradually |onger, |ouder and with
shorter pauses. There is a typical intonation pattern
associated with these cries (rising-falling-rising).
After a while the cries becane 'frantic' or "angry' to
use a subjective expression, and this state does not

change until the baby is given her neal .

(2) pain Oies:- Paincries start abruptly and is

characterised by loud cries and short pauses between
single cries. The cries of this sort vary in | oudness
and intonation patterns along the cry sequence(unlike

t he gradual building up of hunger cries). Apparently,
these fluctuations in intensity and pitch are in
conformance with the intensity and kind of pain which the

baby feels. Once the pain decreases, the baby slowy
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rel axes and the cries gradual | y subsi de, though not in

a'linear' |ine.

(3) Illness cries:- Illness Oies have been descri bed

as noans of a weak and tired person. These cries have
extremely high pitch, rather lowintensity and rather

| ong pauses between cries and cry cycl es.

(4 AlarmCies were elicited when the baby was suddenly

awaken by a sudden |oud noise fromoutside. Inintensity
and intonation patterns, they are simlar to pain cries,
but, the sequence structure is sonmewhat different. It
woul d seemthat in alarmcries, the subsiding stage
starts earlier than in pain cries. Likew se, the 'peaks
during the subsiding stage are nore nunerous in pain cries

than in alarmcri es.

For the spectrographic anal ysis, the patterns of

ener gy-bands were divided into 4 groups: |evel, level + up,
| evel + down, and Up + down. 'Level' neans that one
band of frequency is standing out along the cry; 'level + up'

neans that the band of exphasi zed frequenci es changes
sonewhere along the cry into a band of hi gher frequencies
and so on. The data in this study were summari zed as

fol | owns:

I n hunger cries, the group 'level + down' is the nost
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common. The remaining three groups nmay occur equal
nunber of tinmes, in pain cries, the 'up + down' group

I s the biggest one, with 'Level + down' as the snall est
group. Inillness cries, the 'up + down' patternis
agai n the biggest group. In alarmcries, 'level' is the

preferred group, wthout any exanples of the 'level + up

pattern.

No exanples with a 'down + up' pattern have been
found in this sanple. This last pattern exists nainly
incries of 'brain-damaged’ infants (Wartz-Hocert et. al.,

1968) .

The overal |l energy distribution of the frequency
spectrumwas al so analyzed. Inillness cries, three
regions of varying intensity distribution could be
di stingui shed: the lowest (upto 2500 Hz) had the
hi ghest intensity, the mddle region (upto about 5000 Hz)
was | ess intense than the first one, and the highest
regi on (above 5000 Hz) had the lowest intensity (al nost
white on the spectrogram). |n hunger cries, the |owest
region had very weak intensity with white spots (i.e.,
silence or breaks), the mddle region had the hi ghest
intensity on the spectrograns, and in the highest region,
the intensity was weaker again, weaker even than the
| owest region. In pain cries, no definite regiona

structure coul d be found, because the intensity in the
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spectrograns was distributed i n nunerous conpl ex forns.

Rosenhouse (1977) further classifies cries into
‘level units', that is, single cries, cycles and sequences,
She concludes that it seens possible to classify the cries
into linguistic elements - single cries are conparabl e
t o phonenes or norphenes (depending on the conplexity
of their inner structure) in adult |anguage; cry-cycles
are anal ogous to norphene-conbi nati ons or sentences or
‘senantic units' (Menyuk, 1971) and cry sequences are
conparable to a conpl ete paragraph of speech. For any
not her (or nurse) usually senses the baby's needs not
by a single cry, but by a cycle, at least, or a whole

sequence, and the overall inpressionit gives.

Qy in Healthy Infants

I n heal thy newborn infants, the features of the cry
signals can be divided into two nmain groups, features
related to the duration and features related to the

fundanent al frequency.

The fundanmental frequency in crying of healthy
infants varies between 350 Hz and 650 Hz. The cry in
heal thy infants often has falling or rising-falling
nmel ody type with a stable pitch. Shifts with a higher
pi tched frequency occur nainly at the beginning of the

signals and especially in pain cries in which al nost
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every third cry has a shift part. Qcurance of glotta
roll is quite cormon at the end of the phonations, and
vi brato sonetinmes precedes the glottal roll part. Bi-
phonation and gliding are quite rare. The signals are

voi ced and continuous in about two-thirds of the cries.

The variation in the duration features in nornal
newborn infants is quite large. According to different
authors, the latency periodis from0.6 to 3.6 secs.
This variation is attributed to neasuring techni ques and
the infant's wakeful ness. But it nay al so be due to
the fact that the latency period is not quite uniformin
heal t hy neonates. The first latency is often |onger
than the latency of immediately repeated stinulations.
Various reports have given different durations of phonations
dependi ng on the anal yzi ng techni que used. The average
reported is from1l.1 to 2.8 secs. (Sruio and M chel son,

1976) .

Anot her characteristic response of the nornal
infant, a fewdays old, has been reported by Karelitz
and Fisichelli (1969). Wen the rubber band snap was
used as a neans of stinmulation to elicit the pain cry,
there was a startle reaction foll owed by a period of
breat h-hol ding. The arns and hands are extended, his
facial expression is that of fright, and a |oud bur st

of crying is followed by several bursts which are simlar
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tothe first. As the child continues to cry, the bursts
taper off to a stop. In the case of an older child,
he mght sob for sone tine. Sobbing is not observed

I n severely brain-damaged i nfants.

Qy in Various Conditions and D seases: -

Wen a child is sick and the cry changes from norna
to abnormal, it can be caused by disturbances in the
larynx or inthe oral cavities. It can, however, also
reflect the function of the brain as the neural inpul ses

to the larynx originate in the brain.

Parm ee (1962) has stated that crying "reflects the
capacity of the nervous systemto be activated and al so
the ability of the nervous systemto inhibit or nodul ate
this activation. The differences in the ability of
different nervous systens to respond could be in the
peri pheral sensory receptors, but it seens nore likely
that these differences are in the nore conpl ex activating

systens of the brain."

Qy in Newborn lowbirth weight infants

M chel son (1971) anal yzed cry sanples of 105
synptom ess lowbirth weight infants. Results showed
that there was no difference in the cry of lowbirth

wei ght infants and 50 healthy full-terminfants with
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normal birth weights. The nmean of the nmaxi mum f undanent al

frequency in the infants with low birth weight was 640 Hz.

The pre-mature infants were divided into 2 groups:
those born at 35 - 37 gestational weeks and those born
at 34 gestatlonal weeks or earlier. Results showed that
t he younger infants cried with a higher pitch. The
fundanental frequency was highest in the youngest prenatures
with a nmean of maxi mumpitch being 1360 Hz and a nean

of mnimumpitch being 590 Hz.

The dom nating nelody type in all pre-nature infants
was falling or rising-falling, simlar to the controls.
Bi - phonation and gliding occured in the cries of the
prematures 5 - 14%of the tines. No significant changes
were seen in the continuity and voicing of signals and
al so in the occurence of double harnonic break, or in the
second pause. As the pre-mature infant grewol der, its
cry becane simlar to that of a healthy child born at

term

Tenold et. al.(1974) found a nedi an fundanent al
frequency of 752 Hz for 5 premature infants and 518 Hz

for 9 full terminfants,

Lester and Zerkind (1978) found that the cries of

full term but underweight infants had a shorter duration
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(2.0 secs) and a higher fundanental frequency(740 Hz)
t han babies of normal birth weight (4.9 secs and 467 Hz

respectively).

Qy in Chronosone Abnormalities: -

Lind et.al.(1970) have studied cry sanples of 120
nornmal infants 0-8 nonths old and 30 infants with Down's
syndronme (21 - trisony). The results have shown that
when conpared to the cries of 120 healthy infants of
correspondi ng age, the cries in Down's Syndrone had a
long duration with a nmean of 4.5 seconds. In addition,
they were lower pitched with a nean of naxi mumpitch
bei ng 510 Hz and a nean of m ni nrum pi tch being 210 Hz.
The nel ody was flat in 63%of the sanples, bi-phonation

occured in 23% and stuttering in 53%

The cry of children with a deletion of chronosone 5,
the "cri du chat" syndronme, has been studi ed by Vuor enkosk
et.al.(1966), Luchsinger et.al.(1967), and Baner (1968).
Vuor enkeski et.al. have noticed a general pitch of 860 Hz
in 8 children 4 - 48 nonths old. They also found a flat
nmel ody type in 36%of the cries and a rising nelody type in
23% Baner (1968) has found a fundanental frequency of
800 Hz inthe "cri du chat" syndrone and 400 - 500 Hz

inthe control group. Luchsinger et.al.(1967) have found
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a fundanental frequency between 600 - 1000 Hz in an
infant with "cri du chat" syndrone. The control group
had a fundanmental frequency of 290 - 440 Hz. ostweld
et.al.(1970) have reported the cry of an infant with 13-
trisony. A peak was noted in the fundanental frequency
at 405 - 680 Hz, and the crying resenbl ed that of Down's

syndrone nore than that of the "cri du chat" syndrone.

M chel son et.al.(1980) have anal yzed 135 cries of
14 infants aged 0-7 nont hs, who exhi bited various
chronosone abnornalities, except Down's syndrone. Two
of the infants had the "cri du chat" syndrone, two, a
del eti on of chronosone 4, three had 13-trisony, three
had 18-trisony, and one case each of abnormnalities of

chromosones 1, 2, 8 and 20.

The duration of the cries in the chronosonal |y
abnormal infants had a wi de range fromO0.3 secs to
18.7 secs. The maxi mumand m ni mrum pitch were signifi-
cantly higher in cases with short arm del etion of
chronmosone 4 or 5, in the case wth a partial trisony 1,
and in one case wth trisony 18. A significantly | ower
maxi mum and m ninumpitch were noted in a case with extra
chronosone material at the distal end of chronosone 1,
a lower maximumpitch in one case of trisony 18, a |ower
mnimumpitch in one case with trisony 13 and another with

trisony 18.
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The cry inthe "cri-du-chat" syndrone differed from
the cries of the other chronosonmal abnornalities as it was
nore hi gh-pitched and had a flat nonot onous nel ody type.
Shifts occured in al nost every second cry. Shift and
flat mel ody type were |less common in the cries of infants
with ananoly of chronosone 4. The |ack of shifts and
t he frequent occurence of glottal roll in 13 and 18-
trisony accentuated the hoarse lowpitched cry in these
infants. The domnating nel ody type in 18-trisony varn
falling or rising-falling and nore flat signals occured
than in the controls. In 13-trisony, signals with flat
nel ody type were al so i ncreased, when conpared with the

control s.

It was al so found that the pitch characteristics in
chronosonal |y abnormal infants were different fromthose
ininfants with other diseases affecting the brain, such
as asphyxi a, hyper-bilirubi naema, hypogl ycaema, and
meningitis, inwhich nore high-pitched cries occured. In
asphyxia and neningitis, anincrease in rising and falling-
rising nelody types and a nore frequent occurence of
bi - phonati on and glidi ng have been observed. No bi-phona-
tion and occured in the cries of infants wwth 13- and
18- trisony. diding occured in only one case. This was
the only infant who had Apgar scores at 5 mnutes. The

asphyxia m ght have affected the cry results in this case.
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The anatom cal defects of physiol ogical mechani sns
that change the cry pattern in chronosone ananolies are

not known (M chel son, Tuppurai nen and Aul a, 1980).

Fislchelli and Karelitz (1966) obtai ned sanpl es of
crying fromfour male nongoloid i nfants, six nonths of
age and four normal infants matched for age and sex and
fed it into the panoramc sonic anal yzer in order to survey
the frequency content of the cries. Results showed that
the cries of normal infants were rel atively honogenous.
The spectra of the nongol oids showed greater variability.
Wthin each spectrogram nore peaks and troughs were
discernible indicating that the intensity variations are
much greater for the nongoloid than they are for the
normal . The frequency content of the spectrograns of
normal infants were much richer than that of spectrograns
of nongol oids. But the spectral range covered by the
nongol oi ds cry was sane as that of the cry of nornal

I nf ant s.

Qy in Newborn Infants with Asphyxi a: -

The crying of infants with asphyxia in the newborn
peri od have been studi ed by M chel son, 1971. Qies from
205 infants during the first 3 days of life were coll ected.
Only the first phonation after the pain stimlus was used

for analysis, and only one cry fromeach child was obt ai ned.
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The children were divided into two groups whet her the
asphyxia was of nainly pul nmonic or cerebral origin.

Since it has been shown that the newborn premature infants
cry differently than the full-terminfants, these infants
wi t h asphyxia were further divided into two groups
according to gestational age. The cry characteristics

of the asphyxicated infants were conpared with the

cryind of 50 healthy full termor 75 premature infants,
dependi ng upon whet her the neonate wi th asphyxi a was

full termor premature at birth. In both gestationa

age groups, the cry was found to be nore abnormal in
those infants in whomthe asphyxia was considered to

be of cerebral origin.

In full terminfants with cerebral asphyxia, the
mean of the maxi mumpitch was 1320 Hz; the m ni numpitch
640 Hz. In the prematures with cerebral asphyxia, the
correspondi ng val ues were 1730 Hz and 930 Hz. Bi-phonation
occured in 26%of the full termand in 27%of the prenatures
and gliding in 14%and 11%respectively. In the central
asphyxia rising and fall-rising types of nelody were

found to be nore.

It was found that in those cry characteristics where
the asphyxiated infants differed significantly fromthe

controls, the differences were often nore narked i n the
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newborn who had suffered nore severely from asphyxi a.

M chel son (1977) analyzed the cries of 45 full term
newborn infants wi th Apgar scores of 6 or less. The
results showed that in infants who were found to be
neurol ogi cal | y danaged at the check-up at 2 - 8 years,
the cry characteristics were nore abnormal. The signals
wer e shorter, the maxi mumand m ni num pi tches were
hi gher, bi-phonation and glidi ng were nore common, and
the nmel ody type was often abnornmal. Thus, it is
I ndicative that the cry analysis not only has di agnosti c,

but al so prognostic val ue.

Qy in Gher Metabolic disturbances

The cry of 45 newborn infants with jaundice, caused
by hyperbilirubl naema, was reported by Warz- Hockert et.
al . (1971). The mean of the maxi numfundanental frequency
was found to be 2120 Hz and the nmean of the m ni mumpich
was 960 Hz. Bi-phonation occured in 49%of the cries and
furcation in 42% Furcation was found to be a specific

feature in pain cries of infants with jaundice.

A cry score rating systemthat was devel oped by
Vuor enkeski et.al.(1971) has been used in anal yzi ng
cries of the 45 infants with hyperbilirubi naema. Each
of the 13 cry features were assigned a wei ght age of

Oto 4, and the cry score was the sumof these ratings.
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A score of O - 3 was defined as nornal, and a score

of 4-50 was defined as abnormal. A nean score of 4.4

was found in the case of infants wi th hyperbilirubi naema
as conpared to a score of 1.4 in the group of contro
infants. Only one of the 45 infants with jaundi ce had

a nornal score.

Koi visto et.al.(1974) reported on the cries of 15
full-terminfants with | ow bl ood sugar, hypogl ycaen a.
A nmedi an maxi numpi tch of 1600 Hz was noted with a
mni mumpitch of 610 Hz. The begi nning of the phonation
was often unusual ly high-pitched, vibrato was seen in

11, bi-phonationin 10, and gliding in 3 of the cries.

I n anal yzing cries of newborn infants of diabetic
not hers, Thoden and M chel son (1979) found hi gher
fundanmental frequency with a nmean nmaxi numpitch of 1180
Hz. The maxi numpitch was still higher when the child
in the neonatal period additionally had hypogl ycaem a
(1520 Hz) or hyperbilirubinaema (1790 Hz) or both
simul taneously (1980 Hz). The mnimumpitch incries of
i nfants of diabetic nothers was 510 Hz. Wen t he babi es
addi tionally had bot h hypogl ycaem a and hyperbi li rubi naem a,
the mninumpitch was 690 Hz. Thus the study clearly
shows that the cry analysis is an indicator of the severity

of the diseases in the neonatal period.
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The cry in congenital hypothyroidism studied in 40
cries of four infants by Mchel son and Siruio (1976)
resenbl ed that of norma crying, but was |ower in the
fundamental frequency than that of healthy babies. The
nmedi an val ue of the maxi numpitch was 470 Hz and the
medi an val ue of the mnimumpitch was 270 Hz. The | ow
nunber of shifts and the frequenty occurence of glottal
roll at the end of the phonation, accentuated the
perception of a hoarse, lowpitched cry. Qvy characteristics
whi ch occur in brain-damaged i nfants, such as the
change in the nel ody type and occurence of bi-phonation and
gliding, did not occure in hypothyroidism Thus the
changes seen in hypot hyroi dismdo not resenble the
changes seen in brain damage and seemto be of a nore
peri pheral nature. Perkins (1971) and Barnett (1972)
state that the hoarseness in hypothyroidismis due to

oedena in the |arynx.

Vuor enkeski et.al. (1973) reported one case of
congeni tal hypot hyroi dismstudied with a nonitoring
apparatus and found signals with an unusual ly | ong

duration and with a fundanmental frequency bel ow 1000 Hz.

Qy in deft Palate Infants

Massengi || (1969) investigated to determ ne whet her

t he speech clinicians who have worked with cleft-pal ate
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children could differentiate between cleft-palate and
cleft-lip babies fromthe recordings of their cries. He
also investigated to see if there was any significant
correl ation between the length of the cry and the judged
nasality of the cry. 30 infants in the age range of 1-24
nont hs were taken. The timng of the cries was recorded
using a pol ygraph. The results indicated that judges
were not able to find any difference in nasality between
the cries of babies with cleft palate only, with cleft
lip only, and babies with both cleft |Iip and pal at e.
Correl ati on between the length of the cry print and
judged nasality of the cry; and the age of the child

and the nasality of the cry were not statistically signi-
ficant. Cenerally, the longer cry prints were fromthe

ol der chil dren.

Sound spectrographic cry analysis of cleft palate
i nfants has been nade by M chel son et.al.(1975). The
purpose of this study was mainly to find out what kind
of changes in the cry characteristics are caused by
anat om cal defects in the oral cavities and if these
changes are different fromthose seen in infants with

central nervous systemdi sorder.

Fifty-two cries from13 infants with cleft pal ate
were anal yzed. No changes were noted in the fundanental

frequency, nelody type, and duration when conpared to
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controls. Tonal pit occured in 22% Abnor nal
characteristics occuring in infants with central nervous
systemi nvol venent, such as bi-phonation, gliding and

a change in the nelody type, did not occur ininfants with
cleft palate. Mchelson et.al.(1971) consider that

cry evaluation is useful in assessing the condition of

the central nervous systemand thus it has a diagnostic

val ue.

Qy ininfants with Central nervous system di seases

The crying of 14 infants with bacterial neningitis
aged 4 days to 6 nonths was investigated by M chel son
et.al.(1977). The cries were of higher pitch and the
nean of the maxi numpitch was 1100 Hz and of m ni num
pitch was 560 Hz. The dom nating nel ody type, which
in healthy infants is falling or rising-falling was
seen in only every other cry in neningitic babies.

Bi - phonation occured in 48% gliding in 11%and gl ottal
roll in 25% Those infants with neningitis who at a
later tinme were abnornal al so had nore abnornal cry

characteristics.

The cry of infants with herpes virus encephalitis
has been studi ed by M chel son and Sirui o, 1976; and
Pettay et.al., 1977. A voiceless fricative noise was

noted in the frequency regi on of 2000 - 2500 Hz and was
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seen in both voi ced and voicel ess parts of the signals.
The neaning and specificity of the noi se concentration

Is still unknown. Since it occured in alnost half of the
signal s in herpes encephalitis that were studied, the

cry analysis is used by the above investigators in

clinical work when herpes encephalitis is suspected.

A pair of twingirls were born,joined at the head.
It was uncertain whether or not the two infants had
| ndependent |y functioning nervous systens. The cries
of infant A were |ouder, nore sustained and | onger than
those of infant B. The spectrograns of infant A's cries
| ooked normal. The tone increased in pitch and renai ned
relatively steady and then fell off snoothly, all
within one exhalation. Infant B s sound spectrograns
were clearly abnormal. Interruptions in the mddle of
an exhal ati on were seen. The cries were short and there
was significantly | ess acoustic energy than infant A's.
The results of the acoustic analysis indicated that
infant A's nervous systemwas apparently functioning
normal |y, but that of infant B s nervous system appeared
to have been inpaired in sone way (Gstwald and Pel t zman,
1974).

Lind et.al.(1965) reported a cry analysis of one
infant with brain damage froma birth injury. They found

a fundanmental frequency of 450 - 2070 Hz as conpared to
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280 - 900 Hz of a group of 20 controls.

M chel son et.al.(1980) anal yzed the cry in hydro-
cephalus. cries with a nmean of nmaxi numpitch over
1000 Hz, were noted in these infants, who in addition
to the hydrocephal us had congenital nal formation of the
brai n (Rorenoephal us or hydranencephal us). The cry
changed to a nore normal one after the shunt operation
for hydro-cephal us when the increased intra-cranial

pressure was nornalized.

Qy ininfants with mal nutrition

Mal nutrition is a problemin nost countries of the
devel oping world. According to Stock and Snythe (1967)
marasm c nmal nutrition during the first year of life
can cause irreversible intellectual inpairnent and
organi ¢ brain dysfunction. Sound spectrographic
i nvestigations of the cries of 5 infants, age 7 nonths
to 2 years, with severe nmalnutrition (one w th Kevashi orkar
and four with marasnmus) were conpared with the cries of
15 healthy children of corresponding ages. |n narasnus
the cry was high-pitched and nonot onous. The nean
maxi mumpi tch was 1340 Hz, the m ninmumpitch was 730 Hz;
bi - phonati on occured in 6, and 6 of the 26 cries had a
flat mel ody type, in Kevashiorkar, the pitch was 290-
460 Hz which was |ike the normal control cases (Juntunnan

et.al., 1972).
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Lester (1976) anal yzed the cries of 12 well-nouri shed
and 12 nal -nouri shed infants using a Real Tine anal yzer.
He found that the crying of mal nourished children had
a higher pitch, lower anplitude, |onger duration, and
| onger latency to the next signal, conpared to the
normal subjects: The cries of the 12 nal - nouri shed
Infants was 2.66 versus 1.52 sec for the controls. The

pitch was 480 Hz as conpared to 308 Hz for the controls.

Qy in infants wth hearing inpairnent

ol lins (1954) in a synposiumon the deaf child, has
witten that deaf babies coo and gurgle in a nornal
fashion and that from9-18 nonths, they appear to be
devel opi ng speech, saying 'munum, 'dadada', but that
no further progress in speech is then nade. Congenitally
deaf babies do vocalize and their vocalization undergoes
changes | eadi ng upt o spont aneous and pl ayful sounds.

Tape recordings of infants of congenitally deaf parents
and of nornal parents showed no differences. The
vocal i zations, cooing and crying were identical, and

were regarded as devel opnent al .

A conparitive study of the pre-linguistic vocaliza-
tions of deaf and normal hearing infants was done using
sound spectrography analysis by Stanley (1976). The

Infants ranged in age from17 to 24 weeks. A significantly
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greater nunber of identifiable stops and greater voice
lag tines were found in the deaf infant vocalization

patterns.

Qy in infants with Various D sorders

Cstwal d et al.(1968) determned the relationship
between clinical diagnostic ratings and 2 acousti cal
characteristics, pitch and duration. The subjects were
5 normal infants, 5 questionably inpaired and 5 abnor nal .
Duration neasurenents showed no differences between the
groups. The infants rated as inpaired or abnornal had
cries wth a high frequency of 300 - 2875 Hz and the
normal group had a frequency of 360 - 785 Hz.

Blinlck et.al.(1971) have stated that 11%of 338
normal infants and 50%of 31 newborn infants of narcotic
addi cted not hers showed abnornmal birth cries with a

hi gher fundanental frequency.

A study of the cry of a four-day old full term nornal
baby, who at six nonths died suddenly, showed that the
cry in sudden infant death syndrone (SIDS) had a hi gher
frequency, nore shifts and nore extrenes i n frequency

(Stark and Nat hanson, 1975).

Ander son- Hunti ngt on and Rosenblith (1976) al so

nmenti oned abnornal cries in their report of babies who
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di ed of SI DS.

Kittel and Hecht (1977) found that the cry in a
child born to a nother with floride syphilis had a
fundanmental frequency of 206 Hz conpared to 42 Hz in
50 heal t hy newbor ns.

Tar dy- Renucci and Appai x (1978) found a nean
fundanental frequency of 512 Hz in a group of 68 infants
wi th various neonatal disorders, such as hyperbilirubi-
naem a, nalformati on syndrones, anoxia and respiratory
di sorders. They have defined the cry as a "reflex
notor acti on under the dependency of the nervous centres”
and further have stated that the cry "can be nodified by
di ver se physi ol ogi ¢ and pat hol ogi ¢ processes”. The
hi ghest nean fundanmental frequency in four infants with
jaundi ce was 630 Hz and in three who had been resuscitated

after birth, 613 Hz. In 9 control infants, it was 470 Hz.

Lester and Seskind (1978) found a nmean pitch of
814 Hz in the cries of 24 healthy newborn infants with
maternal and parturital risk factors when conpared to
468 Hz for 24 healthy newborn infants wi thout pre- or
perinatal conplications. Ininfants with risk factors,
the cry was elicited after repeated snaps(312). The
| atency of infants with risk factors was 21.1 secs and for

those without risk factors it was 1.4 secs. The infants
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at risk cried less (13.7 secs) than infants with no risk

factors (21.3 secs).

Thoden and M chel son (1979) anal yzed the cries of 3
infants with Krabbe's di sease. They noted a nean of
maxi mum pitch being 1120 Hz and a nean of m ni mumpitch
being 590 Hz in these infants. The control group had a
mean maxi numpitch of 520 Hz and a nean m ni numpi tch
of 370 Hz. There were significantly less falling and
rising-falling nelody types in the Krabbe group, and

these children al so produced continuous signals |ess often.

M chel son et. al (1982), collected during a two
nonth period, the cries of all infants admtted to
the Ward for newborn and smal|l babies. The sound
spectrographic cry analysis was performed blindly w thout
any know edge of the infant and its clinical diagnosis
to confirmwhether cry analysis is useful in neonatal
di agnostics and especially if it can be an additiona
nmeans of estinmating the condition of the central Nervous
System The infants were divided into four groups and
the results of the cry analysis for the full termand
t he premature babi es were consi dered separately in each
group. The four groups were:
(1) Cbservation group, (2) Cardio-pul nonary di sorder group,
(3) netabolic disturbances, and (4) Neurol ogical synptom

gr oup. The control series consisted of 110 pain cry signals
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fromheal thy, full termO-3 nonth old infants. The
results reported are as fol |l ows:

Fundanmental Frequency - This study confirns the previous

I nvestigations as the pitch was higher in the cries of
infants wi th netobolic and neurol ogi ¢ disturbances. In
the other two groups, there was no significant increase
i n fundanmental frequency. In the observation group, the
hi ghest pitch was found in an infant, delivered with the
hel p of vacuumextracti on, which mght possible have
affected the CNS. In the cardio-pul nonary group, the

hi ghest fundanmental frequency was noted in the infants
wi th cyanotic congenital heart diseases which can affect
the brain structures through hypoxia. |In the neurol ogical
synpt om gr oup, the highest maxi numpitch was observed in
a child with bacterial nmeningitis and | owest in those
with mcrophalus. This indicates that acute cerebra
damage gives rise to nore changes in cry characteristics

than pre-natal ly devel oped ananol i es.

Mel ody type - There was an increase in the rising and

falling-rising types of nelody in full terminfants with
met abol i ¢ di sorders and neurol ogi cal synptons. This

i ndi cates that change in nelody is determned by CNS.

Bi - Phonation and glide - which are rare in cries of healthy

Infants, occured nore often in all abnormal groups in the

full-terminfants, but the significance |evel was greater
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I n the cardi o-pul nonary, netabolic and neurol ogi cal

groups than in the observation group.

Furcation has previously been connected wi th hyperbiliru-
bi naem a (Wrz-Hockert et.al., 1971). In this study,
2 of the five cries wth furcation were frominfants with

hyper bi | i rubl naem a.

Noi se concentrati on was observed in five of the cries.

One of these infants had | aryngomal ari a and convul si ons

and one had a virus infection of unknown eti ol ogy.

Durational features - The latency of the cries in all the

di sorder groups was |onger than the latency of the
controls. No differences in latency could be seen between

t he di sorder group.

The authors inply that their data provide a firm
foundation for a critical objective evaluation of the cry

insick infants, especially when the CNS i s invol ved.

Thus, the reviewof literature indicates that it is
possible to differentiate various abnornalities of the
nervous system and various pathol ogi cal conditions
affecting the devel opnent of the child, by analyzing the
cries acoustically. This helps inearly identification

of various abnornmalities.
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Early identification of an abnornality is an essenti al
and inportant step in the rehabilitation of the handi capped.
The advantage of this technique is that it does not requird
the voluntary participation of the child like in other
tests that have been used to di agnose various abnormalities
and this procedure is an objective one. The paraneters
used for differential diagnosis in this procedure can be
nmeasur ed obj ectively and the data collected or norns
devel oped have uni versal application. This procedure is
al so inexpensive. It seens to be very useful in our country
where the facilities for early diagnosis are very poor.

Thi s techni que has not been tried in our country as the
present investigator is aware of. Therefore there is a
need to use this particular technique and devel op norns

for various groups of abnormalities in our set-up.

The present study is planned to anal yze the cries of
both normal infants and infants with high-risk factors.
It is intended to anal yze the cries acoustically, using

sound spectrograph.
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METHDOLOGY

The aimof the study was to findout the differences in

‘normal* and 'abnormal® infant cries by spectrographic
anal ysi s.

For this purpose, the study was carried out in the
foll owi ng steps: -

1. Construction of a list of high-risk factors for
hearing | oss and nental retardation.

2. Collection of data fromnormal and hi gh-risk infants.

3. Spectrographl c anal ysis of the infant cries.

4. Followup of the infants for hearing screening and

to collect informati on about devel opnmental ml estones,

1. Construction of a list of high-rist factors for hearing

| oss and nental retardation.

The high-risk factors for hearing |oss were taken from
the 'H gh-R sk Regi ster' devel oped by Ashok M M 1981).
Alongwith this, other pre-natal, perl-natal and post-nata
history like pre-maturity, asphyxia, Jaundice etc., which
may |lead to Central Nervous systemabnornality were al so
consi dered. The case history drawn up with all these

factors has been presented in the Appendi x(I).

2. ollection of data fromnormal and high - risk infants

Infant cries of 13 nornmal full-terminfants and 28
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I nfants consi dered to be high-risk according to the case
history were recorded. The infnats were fromthe neonat al
and si ck-baby wards of Chel uvanba hospital, Mysore. The

age range of the infants was from16 hours to 3 nonths.

Qoup - 1:-

In this group, pain cries of 13 normal infants - 9 nal es
and 4 females, fromthe neo-natal wards were recorded. The
age range was from16 hours to 12 days. These infants had
no pre-, peri-, or post-natal factors to place themin the
hi gh-ri sk category. They were born after 37 weeks of
gestation and their birth cries were considered normal. This
was confirmed after questioning the nothers and fromthe

i nformation coll ected fromthe hospital records.

The pain cry was elicited by flicking the sole of the
infant's foot with the index finger. Wen the infant did
not cry imrediately, it was stinmulated again, till it

cried for at |east 30 seconds.

The cries were recorded using a National Panasonic
UM 1 RQ 2157 cassette tape recorder and a Pi ezo dynam c
m crophone. The cassette used was Sony CHF 90. The tape
recorder was battery-operated. Everyday, prior to recording,
the voltage of the batteries were checked. Al the recordings
were made at a constant intensity level. The m crophone was

hel d approximately 5 cns fromthe infants nouth to reduce
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background noise to a m ni mrum

Q oup- 2: -

Inthis group, pain cries of 28 infants-18 nal es and
9 femal es, fromthe sick-baby ward, who were consi dered
to be in the high-risk category were recorded. The procedure
for eliciting pain cries and recording of cries was sane
as used in group-1. Information obtained fromthe nothers
and the hospital records reveal ed that these infants had
one or nore of the high-risk factors considered in the case
history. The table bel owgives details of the different
hi gh-ri sk groups consi dered, nunber of infants in each

group, age range and sex.

- PRCBLEM NQ O SUBJECTS SEX AGE_RANCGE
| )Pre-maturity 8 gy 1 day - 8days
2) Asphyxi a 6 3 Mal es Few hours to

3 Femal es 2 days
3) Jaundi ce 5 3 Mal es 2 days -
1 fermal e 21/ 2 nont hs
4)Meningitis 4 3 Mal es 11/ 2nont hs
1 ferale — 3 nonths
5) Rh ) 1 Male 1 day -
I nconpatibility 1 ferale 5 days
6) Oretinsm 1 Femal e 1 month
20 days
7) Convul si ons I Mal e 2 nont hs

8) Del ayed
Birth cry 1 Mal e 3 days
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In the group wi th Jaundi ce, the cry recording of one
I nfant had been taken before and after occurence of Jaundi ce.
This infant was considered to be normal during the first
recording. Later, a second recording was obtained as it

had devel oped Jaundi ce.

Thus, altogether 41 cries were recorded from40 infants,

bot h normal and hi gh-ri sk.

3. Spectrographi c Anal ysi s: -

Al'l the above cry sanples were transferred to the spoo
tape of the speech spectrograph(Voice identification Inc.
series-700). These sanples were anal yzed to obtai n narrow
band, bar-linear type spectrograns. As the cries ranged
induration from17 seconds to 75 seconds, it was necessary
to obtain 13 spectrograns on an average for each cry sanpl e,
so as to anal yze the conplete cry of each infant. Thus a
total of 533 spectrograns were obtai ned anal yzi ng each

sanple of cries of all the infants belonging to group 1 & 2.

These spectrograns were anal yzed to obtain the
foll ow ng paraneters: -
(1) Total duration of the cry. (2) Maxi mum fundanent al
frequency of the cry. (3) Mninmumfundanental frequency of
the cry. (4) Shift. (5)Double Harnonic Break (6)Ml ody
type (7) Bi- phonation (8) Qiding (9) Furcation
(O Noi se concentration (11) Gottal plosives. (12)vibrate
(13) Tonal pit.
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4. Followup of the infants for hearing screening and to

collect informati on about devel opnental m | estones

Fol | ow- up was done for the purpose of collecting
i nformation regardi ng devel opnmental m | estones and heari ng
sensitivity of the infants. The followup was carried out
for all infants belonging to group 1 and 2, 5 nonths
after data collection, so that the infants were atl east

5 nonths of age by that tinmne.

Fol  ow- Up was done in 2 ways;
(1) For local residents of Mysore, the investigator visited
each infant at his/her home. Auditory screening of the
infants was carried out with toys emtting |ow and hi gh-
frequency sounds. Questions regardi ng devel opnent al
m | estones like 'head held up', 'grasping , etc were asked
to the parents and informati on was col |l ected (Questionnaire is
appended). 21 of the subjects were |ocal residents of
M/sore. It was possible to followup 14 of them For
the other 7 infants, either they were no |onger avail abl e
at that address or the house could not be located. So,

foll owup of these infants was not possi bl e.

(2) For non-local residents of Mysore, follow up was done

t hrough correspondence. A Questionnaire (appended) including
guesti ons about devel opnental m | estones and the hearing
ability of the infants was sent to the parents. 20 of the

subj ects were non-local residents. nly 3 parents replied
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back to the questionnaire.

It had been possible to obtain informati on about
3 of theinfants at the hospital itself, as they died after

a few days.

Qiteria for Nornal cy

The norns established for Indian Popul ation by
Hegde (1971) were used to find out if the mlestones of
the infants were normal or delayed, if the infants responded
well to screening, their hearing ability was consi dered
‘normal'. Those who did not respond properly to screening
were classified as 'abnornmal' and the parents were
advised to bring the child for a followup regularly to
"All India institute of Speech and Hearing', Msore to
confirmor rule out the hearing loss. simlarly, for
the infants who had del ayed m | estones, the parents were

advised to bring the child for a followup regularly.



Chapter - 1V

RESULTS AND D SCUSSI ON

The cries of 13 healthy infants and 28 infants with
various high-risk factors like pre-maturity, asphyxia,
jaundice, nmeningitis, Rhinconpatibility, cretinism
convul sions and del ayed birth cry were anal ysed. The
spectrograns were anal yzed to obtain the follow ng
paraneters: (1) Duration of the cry, (2) Maxinmm
fundanental frequency, (3) M ninmumfundanental frequency,
(4) sShift, (5) Double Harnonic break, (6) Qi de,

(7) Tonal pit, (8) Furcation, (9) Bi-phonation,
(10) Vibrato, (11) Noise concentration, (12) Qotta
pl osives and (13) Mel ody.

Qoup 1l :- QyinHealthy infants

13 infants - 9 nales and 4 fenales in the age range
of 16 hours to 12 days were considered here. The results
of the cry analysis of healthy infants is given in Table 1.
Here, the results are presented considering the group as
a whole, that is, both nales and fenal es, as no significant
di fference was found between cry characteristics in nales
and femal es when they were considered separately. No
di fferences between the cries of males and female infants

are reported in the literature.

The mean of maxi mum fundanental frequency noted was

1470.50 Hz. The range was from2900 - 800 Hz. |Infant
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No. 12 had the hi ghest range of fundanental frequency
(2900 - 550 Hz) and infant No.19 had the | owest range
of fundanmental frequency (800 - 225 Hz). The nean of
m ni rum fundanental frequency noted was 398.1 Hz. The
range was 600 - 225 Hz. The nean duration of cry was

observed to be 33.46 seconds.

Most of the infants had a rising-falling nelody type
(76.9% . The rest had a falling-rising nel ody type
(23.1% . Doubl e Harnonic break occured in al nost
every cry(mean= 12.15). Shifts(mean = 4.15) and
glottal plosives (nean = 4.69) occured nost often anong
all the characteristics. The next nmost frequently
occuring characteristics were furcation (nean = 3. 08),
vibrato (mean = 3.15) and glides (rmean = 3). Noise
concentration (mean = 2.46), Tonal pit (mean = 1.46)
and bi - phonation (nmean = 1.08) occured rarely. Results

are given in Table 1.

Qoup 2. Qy ininfants with various high-risk factors

28 infants - 18 nales and 9 fenmales in the age range
of 18 hours to 3 nonths were considered. Al the high-
risk infants were considered as a group. The results
are tabulated in Table 2. The nean of maxi num fundanent a
frequency was 1747.6 Hz. The range was from 3300-700 Hz.

infant No. 21 had the hi ghest range of fundanental frequency
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(3300 - 233.3 Hz) and infant No.17 had the | owest range
of fundanental frequency (750 - 325 Hz). The nean of

m ni num f undanent al frequency was 382.7 Hz and ranged
from950 - 166.6 Hz. The nean duration of cry was
observed to be 38.21 seconds. Results are given in

Tabl e 2.

O the whol e, the nean of fundanental frequency of
the infants in the high risk category has been observed
to be higher than those infants in the nornmal category.
The nmean cry duration for the infants in the high-
risk category has al so been observed to be nore than that

of infants considered to be nornal.

75%of the infants had a rising-falling nelody type.
21%had a falling-rising nelody type. One infant, had
no particular nelody type. Maxi numanount of noise
concentration appeared in the cry of this infant. Double
har noni ¢ break occured less in the cries of these infants
(nrean = 10.79). Noise concentration was observed nore
often than in healthy infants (mean = 4.96). No

significant differences were seen inthe occurence of

shift (mean = 4.61), bi-phonation (nmean = 0.71) and

glide (mean = 3) in high risk infants when conpared to

healthy infants. Qottal plosives ( nean - 3.14), vibrato

(nrean = 2.96), Eurcation (nean = 2.43) and tonal pit

(nean = 0.61) occured less often in high-risk infants

than in healthy infants.



Table 2 - HG+ R SK GROP

SUBJECTS CRY CHARACTERI STI CS
No. Age sex Shift Double Gide Tonal Furca- Bi- Vib- Noise @
Har no- pit tion phona- rato Goncen- tc
ni c tion tration p]
Br eak S
2 2Days M 1 4 0 0 0 1 1 1 ]
6 8 Days F 4 12 3 2 8 2 4 1
8 3 Days M 1 15 7 1 0 4 2 3 (
132 Days M 8 12 3 2 8 2 3 5
15 1 Month F 18 10 1 1 0 1 8
20 Days
16 3Montns M 1 13 0 1 5 0 2 4 1
20 21/2Month 13 15 2 0 5 0 0 6
21 10 Days M 5 12 3 0 6 0 2 4
22 7 Days F 5 9 1 0 5 0 1 2 1
13 4 Days M 7 13 3 0 4 1 5 2 1
25 3 Days M 2 11 5 0 2 1 0 0 5
27 1 Day M 1 9 0 1 0 0 8 4 11
27 5 Days M 2 13 2 0 1 2 4 4 7
28 1 Day F 0 9 1 0 3 0 1 0 5
29 1 Day F 0 11 6 0 1 0 5 6 5
30 1 Day M 8 9 9 0 0 2 2 3 2
31 1 Day M 2 11 5 0 3 0 7 2 2
32 1 Day M 3 8 11 0 0 1 10 6 6
33 1Day M 3 13 2 0 0 0 4 9 0
34 2Months M 4 10 2 1 1 0 1 13 0
357 Days M 11 13 4 0 2 1 4 9 5
37 18Hours F 7 10 1 2 0 0 O 9 3
36 1 Day F 6 15 2 2 3 2 5 9 4
38 1 Day F 4 14 0 0 0 0 3 0 0
39 3 Days F 3 7 8 0 0 0 1 17 5
40 2Months M 3 9 2 1 3 1 4 3 0
41 | 1/ 2 Mont N6 1 5 1 2 1 0 2 2 1
17 21/ 2Months 4 10 0 1 5 0 1 4 5
TOTAL 129 302 84 17 69 20 83 139 88

MEAN 4.61 10.79 3 0.61 243 0.71 2.96 4.96 31
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Thus the null hypothesis that no significant differences
wi Il be observed between the cries of nornal healthy
I nfants when conpared to infants with history high-risk
factors or other problens on the follow ng characteristics
(1) Maxi mum fundanmental frequency, (2) M ni numfundanenta
frequency (3) Duration of the whole cry (4) Double
Harnoni c break (5) Shift (6) Aide (7) Furcation
(8) Bi-phonation (9) vibrato (10) Noi se concentration
(11) ottal plosives (12) Ml ody type and (13) Tona
pit as neasured using spectrograns, is partly accepted
and partly rejected. It is partly rejected, as significant
di fferences, between the cries of normal and hi gh-ri sk
infants were noted in sone cry characteristics |ike
fundanmental frequency, duration of the cry, double harnonic
break, noise concentration and glottal plosives. The
nul | hypothesis is partly accepted as no significant
di fferences were observed in the cries of both the nornal
and high-risk infants in cry characteristics like shift,

bi - phonation, glide and tonal pit.

Havi ng a conparison of normal group (Qoup 1) with a
group of abnormal infants with various histories reveals
that all these cry characteristics nmay occur in both the
groups. However, reviewof literature indicates that sone
of these characteristics occur distinctively nore nunber

of times ininfants with a particular history or problem
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It has al so been reported that doubl e harnoni c break
occurs nore in healthy babies than in abnornmal infants
(Mchel son, 1971; Mechelsonet.al., 1975). Simlarly,
I n the present study, double harnonic break has
occured nore nunber of tinmes in the cries of healthy

i nf ant s.

The review of literature available to the present
I nvesti gator has shown no studies conparing nornmals with
abnornal s(having different histories and problens |ike
pre-nmaturityl asphyxia, nmeningitis, jaundice, etc.) as a
whol e group. However, several studes conparing groups
of abnormal infants having a particular history or
problemw th infants are found in the literature (M chel son,
1971; Mcheslson,et.al., 1975; M chel son and Sirui o, 1976;
M chel son, Tuppurai nen and Aul a, 1980; M chel son et. al,

1982) .

The present conparison of normals with abnornal s has
shown that certain characteristics |ike double harnonic
break and glottal plosives occur nore nunber of times in
normal s than in abnormals. On the Contrary, the abnornal
group has shown occurence of a higher fundanmental frequency,
| onger cry duration and nore noi se concentration than in
normal s. Not mnuch difference has been found on ot her
paraneters. This may be because of the fact that some

of the characteristics are presented nore nunber of tines.
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by sone infants in the normal group. For exanpl e,
subj ect 18 has shown furcation 10 tines and all other
I nfants have shown the sane characteristic |less than
5 times whereas the sane characteristic has occured
8 times as maxi numin abnormals. None of them have
shown the characteristic to occur beyond 8 ti nes.
Therefore, when a conparison is nmade considering all
the abnormal infants, with various histories as a
group, it may not be possible to find distinguishing
characteristics of abnormal groups with specific history
or problem Hence, it was decided to conpare each
abnormal group with specific history or problem

consi dered as a separate group, wth nornals.

Qy in infants with various high-risk categories

(a) Pre-maturity:- The cries of 8 infants - 5 nmales and

3 females ranging in age fromone day to 8 days have been
anal yzed. The nean of naxi mrum fundanmental frequency was
2152.1 Hz. The range was 3150 - 866.6 Hz. Infant No.31
had the hi ghest range of fundanental frequency (3150 -
233.3 Hz). This infant also had the | owest birth wei ght
of 1 Kg. Infant No.39 had the | owest range of fundanental
frequency. The highest nmean of naxi num f undanent al
frequency has been noted in this group. The nean of

m ni num fundanent al frequency was 366.6 Hz and ranged

from566.6 to 233.3 Hz.
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The mel ody type was rising-falling in 75%of the
infants. One infant had no particul ar el ody type.
The same infant had nmaxi nrumanount of noi se concentration.
The nean duration of cry was 35.3 seconds. There was

no significant difference in the occurence of shift (nean

4.75), double harnonic break (rmean = 11.25) and Bi -
phonati on (Mean = 1.5) between pre-nmature and heal t hy
full-terminfants. Noise concentration (Mean = 6. 25)
Vibrato (Mean = 4.38) and glides (Mean = 6.13) were
observed nore often in pre-matures than in healthy

Infants. dottal plosives (Man =4) , furcation (Mean = 2)
and Tonal pit (Mean = 0.63) occuredless in the cry of
infants in the nornmal categor of prematures conpared
tothe cry of infats in the normal category. Results

are given in Table 3.

(b) Gy ininfants with Asphyxia

6 infants - 3 males and 3 fenales in the age range
of few hours to 2 days were considered as belonging to
this group. The nean of maxi numfrequency was 1891. 66 Hz
and ranged from 3250 - 1000 Hz. [Infant No.29 had hi ghest
range of fundanmental frequency (3250 - 950 Hz) and i nfant
No. 27 had the | owest range of fundanmental frequency (21000-
200 Hz) . The nean of m ni numfundanental frequency
noted was 466.65 Hz and ranged from950 - 200 Hz. The

mean duration of cry was 43.3 seconds . This group had
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the longest cry duration. Wen conpared to all other

gr oups.

The mel ody type was rising-falling in all infants.
Noi se concentration occured nore often in these intants
(Mean=4.8) than those in the nornmal category. The frequency
of occurence of vibrato in this group and in the nornal
category were the sane. The other characteristics |ike
doubl e harnoni ¢ break (Mean=10.17), shift(Mean=3),
d | de(nean=l .5), Tonal pit (nean=0.5), Furcation(nean=0.17),
Bi - phonati on(nean=0. 17), and gl ottal pl osives(nmean=3. 33)
occured loss in this group when conpared to the infants

inthe normal category. Results are given in table-4.

O Qyininfants with Jaundice:- 1In this group, 4 infants-

3nales and 1 fenmal e in the age range of 2 days to 21/ 2 nonths
were avail able. The nmean of maxi numfundanental frequency
was 2083.32 Hz. and ranged from 3150-800Hz. Infant No. 21
had the hi ghest range of fundanental frequency(3300-233.3Hz),
e infant's cry had been recorded before and after

devel opnent of Jaundice. It was observed that the maxi num
fundanmental frequency in this infant, increased after it
devel oped Jaundi ce. The nean of m ni num f undanent al
frequency noted was 366.66HZ. It ranged from 600-233. 3Hz.

I nfant No. 22 had the | owest range of fundanental frequency
(800-300Hz). The nean cry duration was 37 seconds, which

was nore than that in healthy infants.
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The nel ody type was rising-falling 60%of the tine.
Fur cation(nean=5.6) and shift (mean=7.6) occured nore often
in these infants than in the nornmal category. There was no
di fference observed in the occurence of double harnoni
break between this group(nmean=12.2) and the nornal category.
Noi se concentration occured nore often in this group
(nmean=4. 4) when conpared to healthy infants. dide(nean=2.4),
tonal pit (nmean=0.4), bi-phonati on(nean=0.6), vibrate(nean=2.2)
and gl ottal plosives(nean=3) were observed to be less in

this group. Results are given intable-5.

d Gy ininfants with neningitis:- 4 infants-3 nales and

1 female inthe age range of 11/2to 3 nonths were studi ed.
The mean of naxi num fundanmental frequency was 925Hz. and
ranged from 1300-700HZ. This is |ess when conpared to

t he maxi nrum fundanental frequency of the normal category.

| nfant no. 34 showed hi ghest range of fundanmental frequency
(1300- 225Hz) and infant no.17 showed | owest range of
fundanental frequency(750-325Hz). The nean of m ni nrum
fundanment al frequency was 229. 15Hz which is | ower than
that found in healthy infants. The range was 325-166. 6Hz.
The nean duration of cry was 40.8 seconds. This is nore

than that of normal category.

The nel ody type was rising-falling in all infants of

this group. Noise concentration was observed nore often
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inthis group (nmean=4.6) than in healthy infants. The
occurence of tonal pit (nean=1.25) and furcation(nean =

3) is the sane as in healthy infants. Shift (Mean = 2.5),
doubl e harnonic break (nean = 9.5), dide (nean = 0.75),
Vibrato (nean = ladd dottal plosives (nean = 1.4) was
observed | ess often when conpared to the nornal category.
Bi - phonation did not occur at all in the cries of this

group. Results are given in Table 6.

(e) Rh inconpatibility:- 2 infants - one nmal e and one

female, age 1 day - 5 days were available for this study.
They had a nean of maxi num fundanental frequency of 1625
Hz. The female infant had the higher frequency (2400 Hz)
and the nale the lower frequency (850 Hz). Simlar results
were obtai ned for m ni numfundanental frequency. The

nean of mni num fundanental frequency was 466. 65 Hz. Mean
duration of cry noted was 29 seconds which is |ess than
those infants in the normal category. The nel ody type was
rising-falling in the male infant and falling-rising in the
female infant. Noise concentration (nean = 4.5) and
dottal plosives (mean = 6) occured nore often than in
healthy infants. Furcation (nean = 3.5) and Bi - Phonati on
(nean = 1) was observed as frequently as in the norma
category. Shift (nmean =1), Doubl e Harnoni c break(nean=l1),
dide (nmean = 1.5), Vibrato (mean = 2) occured |l ess often
than in healthy infants. Tonal pit did not occur at all

inthis group. Results are givenin table 7.
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(f) Qy in other high risk categories:- one infant each

with cretinism(lnonth 20 days; femal e), Convul sions(2
nont hs; mal e) and delayed birth cry (3 days; nale) were

st udi ed.

The infant with cretinismhad a nmaxi num f undanent a
frequency of 800 Hz and a m ni num fundanent al frequency
of 300 Hz. This is lower than that of the infants in the
normal category. The cry duration was 38 seconds, which
Is also |onger than that of healthy infants. Shift and
doubl e harnoni c break occured often. Bi-phonation did
not occur at all. dide, tonal pit, vibrato and furcation
occured rarely. Noise conoentration and glottal plosives
occured less frequently than shift and doubl e harnonic

br eak.

The infant wth history of convul sions had a nmaxi num
fundanmental frequency of 1250 Hz and a m ni num f undanent al
frequency of 500 Hz. Qvy duration was 43 seconds. dottal
pl osives did not occur at all. Tonal pit and bi-phonation

were rare.

The infant with delayed birth cry had a nmaxi nrum
fundanental frequency of 950 Hz and am ni num f undanent al
frequency of 500 Hz. GOy duration was 40 seconds. Tonal
pit, vibrato and noi se conoentration were not observed.

Doubl e harnoni c break, glide and glottal plosives occured
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often shift, furcation and bi-phonation were rare. Results

of these 3 infants are given in table-8.

Qy characteristlcs:-

(1) Fundanental frequency: The fundanmental frequency is

higher in the high-risk infants than infants in the nornal
category in this study. Anong the high-risk categories,
pre-mature infants have been found to have the hi ghest

maxi num f undanental frequency. (2152.1Hz) The naxi num
fundanment al frequency was hi ghest in the infant which had

| owest birth weight(Birth Weight=IKg). This infant al so
had the | owest mni num fundanental frequency. Studies done
by M chel son(1971)on 75 premature infants has reveal ed t hat
t he fundanental frequency was highest in the snall est
pre-matures. Qeater variations and | ower fundanenta
frequencies were also repeated inthe cries of the very
smal | pre-matures. The present findings are in support

of these results.

| ester and Zeskl nd(1978) have reported that the cries
of full-term but under-weight infants had a shorter duration
and a hi gher fundanental frequency than babies of nornal

bi rth wei ght.

Tenol d et.al (1974) found that the nmedi an fundanent al
frequency of the first phonation in 5 prematures was 752HZ

and, 518HZ for full-terminfants.
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The next category with a high fundanental frequency
was the group with Joundi ce(2083. 32Hz). These infants
had a higher fundanental frequency than the nornmals, but

| esser than pre-natures.

\War z- Hockert et.al.(1971) reported a nmean of maxi num

fundanmental frequency of 2120Hz in 45 infants w th Jaundi ce.

Tar dy- Renucci and Appai x (1978) found a hi gher
fundanmental frequency of the first phonation (630 Hz)
in four infants with hyperbillrubinaema than in the

control group (470 Hz) .

The crying in neningitic infants has al so been found
to be abnormal with respect to fundanental frequency.
M chel son et. al (1977) found thatcries were higher-pitched
in 14 infants with bacterial neningitis (1100 Hz). The
results of the present study do not support the above
finding. The nmean of naxi num fundanental frequency
was found to be 925 Hz which is |ower than that found

ininfants in the nornmal category.

M chel son (1971) conpared cries of 205 infants with
asphyxia with 50 healthy full-termand 75 pre-mature infants.
The pitch of infants with asphyxia was reported to be
hi gher than that of normal infants. The pre-mature infants
with cerebral asphyxia had the highest nmaxi num fundanent al

f requency.



- 104-

The results of the present study agree with the above
results. The infants with nmeningitis had a hi gher naxi num
fundanmental frequency than the nornmal infants. Cne of the
infants (No.29) who was pre-nmature and had asphyxi a had the

hi ghest nmaxi num fundanental frequency in the whol e group.

The cry in 4 infants w th congenital hypothyroidism
was studied by Mchel son and Siruio (1976). They reported
that the cry resenbl ed those of normal infants, but was
| ower with respect to fundanental frequency. One infant
wi th congenital hypothyroidismwas available for cry
analysis inthis study. This infant had a |ower fundament al
frequency in conparison to the infants in the nornal
category and the infants in the other abnornal categories,

whi ch agrees with the results of the earlier study.

Thus, the present study confirns the results of the
earlier investigations, that the fundanental frequency
I's a good indicator of abnormality, especially in
conditions which could lead to Central Nervous System

abnornality.

(2) Duration of the cry:- The total duration of the cry

was considered. The cry duration has been observed to be
nore in all abnormal groups than in the normal group.
Anong the various categories ingroup 2, the cry duration
was longest inthe infants with asphyxia (43.3 seconds).

I nfant No. 33 had the longest cry duration in this
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category (65 secs.). The infant died | ater.

Al the earlier studies have considered the nean
duration of the first phonation. M chelson (1971),
M chel son et.al . (1977), and Juntunen et.al.(1972) reported
cry analysis of full-terminfants with asphyxia, neningitis
and nmal nutrition. A conparison of these results by
M chel son and War z- Hockert (1981) indicated that the nean
duration of the first phonation was highest in infants
wi th asphyxia. In asphyxia itself, two categories -
peri pheral and central asphyxia were consi dered. Anong
these two categories, infants wi th peripheral asphyxia

had a | onger nean duration of phonati on.

Siruio and M chel son (1976) conpared cry characteristics
of healthy full-termand prematures infants, infants
wth cleft palate and infants with asphyxia. Infants
wi th asphyxia had the |ongest nedi an duration of phonati on.
In the present study, infants wwth mningitis had a | onger
cry duration when conpared to norrmal and pre-mature infants.
This does not support the findings of the earlier investigators
(M chel son, 1971; Mchelson et.al, 1977) who have reported
| esser cry durations in infants with neningitis when conpared
to normal and pre-mature infants. This may be because of
the fact that in the present study the duration of the

whol e cry has been consi dered.
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The infants with history of Rh inconpatibility had
the least cry duration when conpared to the nornal and
ot her abnornmal categories in this study. However, no
information is available in the literature regarding
the duration of the cry for this group. Results are

given in Tables 9 and 10.

(3) Shift:- Maximumanount of shifts occured in infants
with jaundice (nean = 7.6). in this group, the cry of

i nfant No. 20 had t he maxi mumoccurence of shift. This
infant al so had congenital bilateral atresia. The
infant died later. Literature on frequency of occurence
of shifts ininfants with jaundice was not available to

t he present investigator.

M chel son (1971) has not reported a significant
difference in the occurence of shift in normal infants
and those with asphyxia. The present study supports

t he finding.

In cases of mningitis, shifts occur less frequently
than in nornmal infants, as reported by Mchel son et. al .
(1977). In this study al so, |ess nunber of shifts were
found to occur in infants with nmeningitis when conpared

to those in the normal category.

There was no significant difference in the frequency
of occurence of shifts in normal and pre-nature infants

inthis study. The results do not support the findings



Table - 9
CRY DURATI ON | N SECONDS

NORVAL GROUP H GH R SK GROUP
SUBJECT DURATI ON SUBJECT
NO. IN SECS. NO DURATI ON
. » @
(1) 27 (?)3 ‘;ﬁ, ;5L
(4) 31 %g gg
(5) 33 58 55
41
7 41 22 20
) §133 34
(9) 25 (%g) 4212
(10 1 27 .
i . & :
(12) 45 (g;) 30
26
(14) 20 §gig gg
(19 “ 2 s
(19) 32 gg 50
36
(24) 31 éigg ig
o (3 20

Mean duration of cry =
33.46 Secs. TOTAL 1070

Mean duration of cry =
38.21 Secs.
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of Mchel son (1971), who reported nore nunber of shifts

in pre-mature infants than in normal infants.

The | east occurence of shift was found in the
infants with history of Rh inconpatibility. But, no

data on this has been reported.

(4) Double Harnonic Break:-  This characteristic occured

nost often in normal infants than in any of the high-risk
categories, it occured least ininfants with neningitis.
In pre-mature infants it occured | esser than in normals, but
nore than in any of the other high-risk categories except
jaundi ce. The frequency of occurence of doubl e harnonic
break in the decreasing order as found in this study are

as follows: normals, pre-nmature, asphyxia, and neningitis.

These results support the finding of the earlier
i nvestigators (Mchelsonet.al., 1971; Mchel son et.al.,
1977). They al so found that doubl e harnoni c break occured
nost often in nornals and least in infants wth neningitis.
In pre-matures it occured less than in normals, but nore
than in cases of asphyxia. |n asphyxiated infants it
occured less often than in pre-matures, but, nore often

than ininfants with nmeningitis.

(5 dide:- dides have occured nost often in pre-nature
infants. This finding does not agree with the results of

M chel son (1971) who did not find the occurence of glide
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in any of the pre-natures studied. Gdide is an
abnornmal characteristic and has been found to occur
nore often in all high risk categories. It is reported

rarely in the cry of healthy infants.

M chel son (1971) found that gliding occured in
14%of cries of 205 infants with asphyxia. @ iding
occured in 11%of the cries of 14 infants with neningitis

as reported by Mchel son et.al.(1977).

In this study, dides occured less in the other
hi gh-ri sk categories |ike asphyxia, meningitis, jaundice,

etc. in the nornal group.

(6) Tonal Pit:- Tonal pit occured very rarely both

in normal and high-risk categories. Based on studies
done, Mchel son et.al.(1975) have reported that this
characteristic occurs nore often in infants with anatom ca
defects of the oral cavity like cleft palate. The cries
of 13 infants with cleft pal ate were anal yzed. These
infants cries did not differe fromthe normals in terns
of fundanmental frequency, nelody type and durati on.
Abnormal characteristics occuring in infants with ONS

I nvol verrent such as bi - phonati on and gli de were not
reported in infants with cleft palate. Only tonal pit
occured in 22% The authors have concluded that the cry
characteristics are different dependi ng on whether the

brain or the articulators are affected.
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Infants with cleft palate were not available for

this study.

(7) Furcation:- This characteristic was observed to occur
maximumin infants with neonatal jaundice and history of

Rh inconpatibility in this study.

These results are simlar to those of earlier
I nvestigations. Warz-Hockert et.al.(1971) studied 45
infants with jaundice and reported furcation to be a

specific feature in pain cries of infants wi th jaundice.

M chel son et.al.(1982) in a study of cries of 200
infants with various disorders also confirned the finding

that furcation seens to be specific to infants with jaundice.

(8) Bi-Phonation:- In this study, bi-phonation occured

rarely in both the normal and high-risk infants. It
occured nost frequently in pre-nature infants and did not
occur at all ininfants with neningitis. These result

do not agree with the earlier studies. M chelson (1971)
did not report the occurence of bi-phonation in the

cries of the 205 pre-natures infants studied. On the

ot her hand, bi-phonation occured nost frequently (49%
incries of infants with neningitis when conpared to
infants wi th asphyxl a(26% and mal nutrition(23% (M chel son
et.al., 1977; Juntenen et.al., 1978).
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Bi - phonation has al so been reported to occur in
49%of the cries of 45 infants wth jaundi ce(War z- Hockert
et;al., 1971). inthis study, the occurence of bi -
phonati on was very rare inthe cries of infants wth

] aundi ce.

Bi - Phonation did not occur in the cry of the infant
wi th hypot hyroidism This supports the findings of
M chel son and Sirui 0(1976), who did report its occurence

inthe cries of four infants w th hypot hyroi di sm

M chel son et. al . (1982) have found bi - phonati on and
glide to be very sensitive in differentiating between
normal and the disordered groups. In the present study,
bi - phonati on was not found to be very helpful in

differentiating between the normal and hi gh-risk categori es.

(9) Vibrato:- Mbrato occured nost often in pre-mature
infants of this investigation. Mchelson (1971) did not
find its occurence in the cries of 205 pre-mature infants.

M chel son et.al.(1981) have reported the occurence of
vibrato to be highest in infants w th asphyxi a when conpared
toinfants wwth neningitis and nmalnutrition. W brato has
been found to occur less in the high-risk infants except
pre-mature infants than in the normal infants of this

study. Earlier investigations (Mchelson, 1971) have not

reported its occurence in nornmal infants.
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This characteristic was al so not very hel pful in
differentiating between the normal and hi gh-risk categories

in this study.

(10) Noi se concentration:- Noise concentration occured

nore often in infants belonging to the high-risk category
than in the normal infants. Pre mature infants had
maxi mum occurence of noi se concentration al most throughout
the cry. There was very little voicing and the cry
did not have any particular nelody type. In infants
bel onging to the other high-risk categories, the frequency

of occurence of noise concentration was sim/lar.

There is no report avail able on the frequency of
occurence of noise concentration in normals and infants

with pre-naturity, asphyxia, jaundice and neningitis.

Noi se concentration has been observed in the crying
of infants with herpes virus encephalitis by Pettay et.al.
(1977) and M chel son and Siruio (1978). It has been
reported to occur in alnost half of the signals in herpes

virus encephalitis that were studied.

M chel son et. al.(1982) found noi se concentration in
cries of infants with |aryngomal ari a, convul sions and a

virus infections of unknown eti ol ogy.



-112-

(11) dottal plosives:- dottal plosives occured noat

often in infants with history of Rh inconpatibility. There
iIs no data in the literature avail abl e on occurence of

glottal plosives in these cases.

Apart fromthe above, it occured nost often in norna
infants and least ininfants with neningitis. Mechel son
(1971) has reported maxi numoccurence of glottal plosives
in normals and no occurence of it ininfants with neningitis

(Mchelson et. al., 1977).

(12) Melody type:- Most of the infants in this study,

both normal and high-risk category has a rising-falling
nel ody type(75% . The other nel ody type whi ch occured
was falling-rising. One pre-mature infant(No.34) had

no particul ar nel ody type.

M chel son(1971) reported an increase in rising and
falling-rising types of nelody in infants w th asphyxi a.
Inthis study, all infants with asphyxia had a rising-falling

nmel ody type.

M chel son et.al.(1977) reported an increase in
rising, falling-rising and flat nelody types of cries of
infants with neningitis who were found to be abnornal on

a foll owup exam nati on.

M chel son et.al.(1982) found an increase in the rising

and falling-rising types of nelody in full-terminfants
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wi th netabolic disorders and neurol ogi cal synptons. They
inply that a change in nelody is of CNS origin. The
present study did not find nelody type to be distinctive
of any group; except in the infant wi th convul sions

and del ayed birth cry.

The findings of the present study are summarised in
the tables 11 and 12 bel ow. The table al so indicates

characteristics distinctive of each group.
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Thus, the null hypothesis that no significant
di fferences can be observed on various paraneters neasured
usi ng spectrograns between the cries of normal infants
and (a) Pre-mature infants, (b) Infants w th asphyxia,
(c) Infants with jaundice, (d) infants with neningitis,
(e) Infants with history of Rh inconpatibility,
(f) Infants with hypothyroidism (g) Infants with
convul sions and (h) Infants with delayed birth cry, is

rej ect ed.

Results of the followup examnation after 5 nonths: -

| nformati on was col |l ected regardi ng the devel opnent al
m | estones and hearing ability of the infants, 5 nonths
after recording the cries. It was possible to collect
information from8 intants in the normal category and 12
infants in the high-risk category. The inability to
collect information regarding all the infants was due to
the follow ng reasons: (1) The cries were recorded when
the infant was in the hospital and the information collected
|ater fromtheir honmes. Sonme of the subjects were no
| onger avail able at the address given and in sone cases,
the house could not be located. (2) O the subjects for
whom f ol | ow- up was done through correspondence, only three

of the parents replied back to the questionnaire.
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Al the 8 infants in the normal category were found
to be normal on followup examnnation. Four of the infants
inthe "high-risk' category were found to be 'normal' on
followup. One infant had jaundice, one had neningitis,
one had a delayed birth cry and one had a history of Rh
inconpatibility. In case of infants wth jaundi ce and
meningitis, it is possible that they were treated early
and the probl emwas not so severe as to |eave any after-
effects. The baby who had a history of Rh inconpatibility
had Rh positive bl ood and had no other pre-, peri- or
post-natal history. For the infant with delayed birth
cry, resuscitation has been done early enough, so the

baby m ght not have suffered fromlack of oxygen.

The infants considered to be normal had (1) Nornal
hearing ability on an infornal hearing screening test and

(2) The m|estones were reported to be nornal.

8 infants in the high-risk category were confirmed to
be 'abnornmal' as they expired after a fewdays. They were
four pre-nmatures and one infant each with asphyxia, jaundice,

meningitis and history of Rh inconpatibility.

Thus the results of the present study, indicate that
the cry characteristics which are found by spectrographic
anal ysis may occur both in cases of normals and abnornal s.
Sone of the characteristics are pre-domnant in nornal group

and sone are pre-domnant in the abnormal group. Sone of
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themmay occur in equal nunber in both the groups.

However, based on further analysis, it has been found that
each category of infants with a specific high risk factor
show t he occurence of certain characteristics nore
frequently than in other groups. Therefore, the analysis
of cries would be very useful in early identification of
abnormalities. Further, it would also help in confirmation

of diagnosis when abnornalities are suspected.

Further the foll owup analysis has confirnmed the findings
that the infants included in the abnormal group were
abnormal infact (At least 12 of them- four of these have
been treated for the abnornality and have becane nornal).
However, all the 12 infants have shown specific cry
characteristics which are in useful confirmation with
the earlier reports. Thus the cry analysis of infants

Is a useful tool in diagnosis of abnormality in infants.



Chapter - V

SUMVARY AND CONCLUSI ONS

The study of infant cry has provoked researchers for
many years. |In the beginning, cry studies were done based
only on auditory analysis. Auditory differences, between
the cries of risk infants conpared to healthy infants,

have been recogni zed by pedi atrici ans.

According to Il lingwarth(1955)- "a clinician recognizes
the hoarse, gruff cry of cretinism the hoarse cry of
laryngitis, the shrill cry of hydrocephal us, neningitis,
or cerebral irritability, the grunting cry of pneunoni a,
the feeble cry of anyotonia or a severely debilated infant,

and the whinper of a seriously ill child."

The auditory investigations of infant vocalization
have been nai nly observations of when, why, and how | ong

babi es cry (Mchel son, 1981).

The obj ective analysis of the infant cries becane
possi bl e when Potter et.al.(1947) introduced the sound
spectrograph. The first investiggtion of infant cries
by sound spectrographs was done by Lyrip (1951)
who found out the fundanental frequency of early non-crying
utterances. Later studies were carried out by Warz-Hockert
et.al. (1961, 1968, 1971), R ngel and Kl uppel (1964),

M chel son(1971), Mchelsonet.al. (1975, 1976, 1977, 1980)

etc.
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For the past twenty years, a research group at the
Uni versity of Hel sinki, Finland has been carrying out
cry anal ysi s using sound spectrograph, as a diagnostic and
prognostic tool in the neonatal period. Wth narrow band
analysis, the follow ng cry characteristics have been
nmeasured fromthe spectrograns: (1) durational features
such as |atency, duration, continuity of the cries, and
t he second pause. (2) Maxi numfundanental frequency.
(3) Mninumfundanmental frequency. (4) Shift (5) Ml ody
type. (6) Double Harnonic break (7) Vibrato (8) Bi-
phonation (9) dide (10) Noise concentration (11) dottal
pl osives (12) glottal roll (13) Tonal pit (14) Furcation
(15) Voice quality (16) Nasality.

Based on the above cry characteristics they have
tried to identify abnornmalities. They have also tried to
not the kind of cry characteristics which are typical of
certain specific diseases, especially in the newborn

peri od.

The purpose of the present study was to find out the
differences in '"nornmal' and 'abnormal’ infant cries using

spect rogr aphi ¢ anal ysi s.
The study was carried out in the follow ng steps: -

(1) Construction of a list of high-risk factors for hearing

| oss and nental retardation.
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(2) Collection of data fromnormal and high-risk infants.
(3) Spectrographic anal ysi s.
(4) Followup of the infants for hearing screening and

to collect information about devel opnental m | estones.

The list of high-risk factors was constructed from
the high-risk register devel oped by Ashok M M (1981) and
ot her pre-natal, peri-natal, and post-natal factors |ike

pre-maturity, asphyxia, etc., which nmay lead to abnormalities

wer e added.

Cries of 13 normal full-terminfants and 28 infants
bel onging to the high-risk category according to the case
history were recorded. The infants were fromthe neonat al
and si ck-baby wards. The age range of the infants was
from16 hours to 3 months. Pain cries were elicited from
these infants by flicking the sole of the infant's foot
with the index finger, till they cried for atleast 30
seconds. The cries were recorded using a cassette tape
recorder. The recordings were made at a constant intensity
level with the m crophone held approximately 5 cns fromthe

infant's mouth to reduce background noise to a m ninum

The cry sanples were anal ysed to obtain narrow band,
bar-type spectrograns. These spectrograns were analyzed to
note the occurence of the following cry characteristics —

(1) Duration of the whole cry, (2) Maximum fundanent al
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frequency, (3) M ninmumfundanental frequency, (4) Shift,
(5) Doubl e Harnonic break, (63 Qide, (7) Bi-phonation,
(8) Furcation, (9) Noise concentration, (10) vibrato,

(11) dottal plosives, (12) Tonal pit and (13) Ml ody type.

A followup exam nation of the infants was carried out,
5 months after the recording, for the purpose of collecting
i nformati on regardi ng devel opnmental m | estones and hearing

ability of the infants.

Based on the analysis and interpretation of the
spectrogrant for the various cry characteristics, the
foll owi ng concl usi ons have been drawn:

(1) Significant differences exist between the cries of
normal and high-risk infants in sone cry characteristics
i ke fundanental frequency, duration of the cry, double
har noni ¢ break and glottal plosives which are found
nore in the cries of normal infants.

(2) NOsignificant differences were observed in both the
normal and high-risk infants in cry characteristics |ike
shift, bi-phonation, glide and tonal pit.

(3) 8 categories of high-risk infants were studied. It was
found that each group exhibited cry characteristics which
were distinctive to infants with that particul ar problem

or history.

(a) Pre-maturity:- Anmong the high-risk categories, pre-mature

i nfants have been found to have the highest maxi mum fundanent a
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frequency. The hi ghest occurence of dide, Vibrato and
noi se concentrati on has been observed in these i nfants.

The cry duration was longer than in normal infants.

(b) Asphyxia:- infants w th asphyxia have a high

maxi mum fundanent al frequency and the |ongest cry duration,
anong the high-risk categories. The frequency of occurenoe

of noise concentration is higher than in normal infants.

(c) Jaundice:- A high occurence of furcation and shift
seens to be a specific feature of this problem In
addi ti on, higher maxi numfundanental frequency, |onger
cry durations and nore anmount of noi se concentration

occurs ininfants with this problem

(d) Meningitis:- A high occurence of noise concentrati on,

| onger cry duration and |ower fundanental frequency are

characteristic of infants wth nmeningitis.

(e) Rh Inconpatibility:- Maxinmumoccurence of furcation

and least cry duration were observed ininfants with a
history of Rh inconpatibility. The maxi num fundanenta
frequency was higher than in normal infants. Frequent

occurence of glottal plosives was seen in this group.

(f) Oetinism- Mst of the cry characteristics in
infants with hypot hyroidismis simlar to those of nornal
infants. The distinctive feature is that the |east naxi mum

fundarmental frequency is observed in these infants. Longer
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cry duration and high occurence of noi se concentration

is al so seen

(g) Convul sions:- The cry in the infant included in

this group had a falling mel ody type and the duration

was |onger than in nornal infants.

(h) Delayed birth cry:- Increased occurence of falling-

rising nelody type, glide and longer cry durations

were seen in the cries of the infant in this category.

Therefore, it can be concluded that cry anal ysis
Is a valuable tool in diagnosis of abnornalities in the

newborn period i.e., it is useful in early diagnosis.

| npl i cations of the Study: -

(1) Gy analysis is helpful in differentiating between
normal and abnornmal infants.

(2) It is avaluable tool inthe differential diagnosis
of different abnormalities in infants.

(3) It is useful for early identification of abnronalities

and thus in early rehabilitation.

Recommendat i ons: -

(1) A large nunber of infants belonging to different
high-risk categories may be studi ed.

(2) Afollowup of the infants in the high-risk category
upto one or two years to confirmor to rule out

the abnormality woul d be useful.
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(3) Recordings of the infant cries at the foll ow up

(4)

exam nation woul d be useful.

A teamapproach with nenbers fromdifferent

di sciplines |ike pediatrics, neurol ogy, physiology
and comuni cation woul d be useful to further
develop the field of cry research.

The useful ness of cry analysis in everyday

clinical use may be expl ored.
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APPENDI X - 1.

List of H gh-R sk factors

Fat her's Nane: Age:
Mot her' s Nane: Age:
Addr ess: -

Age of Child: Sex:

Questionnairre

1)
2)
3)
4)
5)

6)

7)

8)

Has any of your close relatives had a hearing | oss since
birth? Yes/No?

How is he or she related to this child?

Do you know when and how he/ she becane deaf ?

Have you nmarried your maternal uncle? Yes/ No.

During your pregnancy did you have a rash with fever?
Yes/ No.

D d anybody tell you that you and your husband's Rh or

bl ood groups do not match? Yes/ No

Prenatal -During the 1st trinmester of pregnancy, was the
Mt her's health seriously affected as the result of

injury or enotional trauma?

- Nausi a - Anem a - Accidents - Virus infection

Vomtting - Bleeding - Nutritional - Drugs
defi ci ency

t oxaem a - X-ray

Was there any history of mscarriages or still birth?

Yes/ No.



9)

10)

perinatal: -

a) Duration of |abour
b) Labour induced - Yes/ No.
c) Delivery - Normal/Caesarian /Forceps /Breech

d) Barbituates given to nother - Yes/ No.

Condi ti on of baby

a) Birthcut. -

b) Jaundice -

c) Blueness - Asphyxiated

d) Full-term/Premature /Postnature

e) Birth cry - Present /absent/del ayed.

f) convulsions / twitching / drowsiness/Listlessness
g) Adm nistration of Oxygen.

h) Incubator care - Yes/ No.



















































APPENDI X - 3

| NFORVATI ON COLLECTED DURI NG FOLLOW UP

Name: Age: Sex:

Devel opnental nil estones: -

1) Is the child able to hold head up steadily? Yes/ No.

If so, by what age was the child able to hold up his

head? -
2) Is he able to grasp objects? Yes/ No.
3) Does he try to roll-over? Yes / No.
4) Does he recogni ze his nother? Yes / No.

Audi tory screening

Responds to: -
1) Nane -

2) Cap -

3) Rattle -
4) Horn -

5) Kanjeera -
6) Squeaper -
7) Wistle -



