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GHAPTER - |

| NTRCDUCTI ON

But what am | ?
An infant crying in the night;
An infant crying for the Iight;
And with no |anguage but a cry.
- Afred Lord Tennyson
(1809 - 1892)
"Random, 'non expressive' and ‘'diffuse’ and simlar
terns have been used to describe the utterances of babies
(Gesel |, 1940; GOsgood 1953; Spitz,1963). 'During infancy, the
child's only node of comunication is the cry, and we shoul d
listen to his vocalization and try to interpret it. \Wen a
baby is ill, the parents too are npbst eager and anxious to
have sone explanations of his prognosis and possible life
long defects. Any nmethod which could provide further
enlightment should be thoroughly explored' . (Sruio &
M chel son, 1976). In human vocalization and also in crying
the entitled sound is a conbination of a function frca the

brain, fromthe larynx and oral cavity (Espir and Rose, 1970;

Per kins, 1971) .

The general answer to why we should analyze infant cry,
is at least one which according with view, stated by

Li ber man.



bi ol ogi cal substrate of human speech involves
an interplay between biological mnechanism that have other
vegetative functions and neural and anatom cal mechani smthat
appear to have evolved primarily for their role in

facilitating human conmuni cation”.

It is inportant to enphasize that crying is not just a
reflection of only the physiological state of infant.
| ncreasingly, a nunber of researchers are beginning to view
crying and its perception as an interpersonal event.
(Boudkydis, 1955). That is crying is considered as a social
event and as a system of conmunication. It nmay serve as a
preverbal distress signal. There is now a increasing body of
research docunenting systematically this aspect of crying and
consequences of its perception and response by care given.
For clinical purpose, crying and other vocalization are
signals which can be used to evaluate to neuro respiratory
and phonatory functions of infants. It is this reason that
there has been so nuch interest in cries of high risk new

bor n.

Unusual cry is caused by sone disturbances (or)
abnormality some where in this conplex chain of events.
This disruption could be due to faulty neural control
of respiration (or) phonation as mght be produced in
Cri-du-Chat syndronme. Down syndronme (or) damage due to
recurrent voice etc. (or) it <could be produced by sone

di sarrangenent in the airway itself. Ref ormi ng sophi sti cated



anal ysis  of the unusual cries (specifically acoustic
anal ysis) we would be able to detect and |locate site of this
di st urbance. This is one of the real clinical purpose in
pursuing infant cry analysis. That is, we ought to be able
to differentially diagnose the drfference between subglottal,
periglottal and supraglottal sites of disturbances as well as
detect the difference between airway and nervous system
origin of abnormality. This is diagnostic significance of
acoustic analysis of infant cries and vocalizations (Copa

and Gerber 1991). Cy analysis can thus be diagnostic and
prognostic criterion in disease in neonatal period. Early
diagnosis is very inportant because treatnent when started

early enough di m ni shes later defects. (Maenpaa 1972).

The objective techniques for analyzing infant cries are
by volunme wunit graph (Fisichelli, Karelitz, Eichbar and
Rosenfield, 1961) and conputer analysis (GCstwald and Feitzman
1974) . A nunber of investigators have enployed acoustic
analysis of wvarious sorts of both normal and abnornal
i nfants. For exanple, for over 30 years several Finish and
Swedi sh  researchers have used sound spectrograph and
conducted systematic acoustic analysis of cries. They have
provided |arge anount of acoustical data on cries of nornmal
i nfant. This vast body of research has provided nuch of
justification and inspiration for using acoustic analysis of
cries as and additional di agnostic tool in clinical
paedi atrics. Using spectrograph, crie3 of normal infants and

those infants with various abnornmaliti es have been



differentiated based on various paraneters of cry. (WAsz-
Hockert etal 1971; M chelsson 1971; M chel sson et al 1975;
Sivisio - Mchelsson 1976). Based on previous literature a
need to differentiate between normal and abnormal infants,
the purpose of present study will be to analyze cries of
normal and abnormal infants by spectrographic analysis and to
note specific characters which wll be distinctive to each

abnormality.

The aim is to test the followng hypothesis, " No
significant difference exist between cries of normal healthy
infants and infants with history of high risk factors (or)
other problem on the followng cry characteristics - pitch
(mnimum and maxi mum), shifts, glide, nelody type, glottal
pl osi ve, vi brat o, tonal pit, Doubl e harmoni ¢ break,
bi phonation, furcation, noise concentration, total duration

and second pause of cry signal.

Sub hypot hesi s:

1. No significant difference exists on various paraneters
derived using spectrogram between cries of normal infants

and infants with low birth weight.

2. No significant difference exist on various paraneters
derived using spectrogram between cries of normal infants

and infants with netabolic disorders.
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No significant difference exist on various paranmeters
derived using spectrogram between cries of normal infants

and infants with hydrocephal us.

No significant difference exist on various paraneters
derived using spectrogram between cries of normal infants

and infants with Jaundi ce.

No significant difference exist on various paraneters
derived using spectrogram between cries of normal infants

and preterm infants.

No significant difference exist on various paraneters
derived using spectrogram between cries of normal infant

and infants with Asphyxi a.

No significant difference exist on various paraneters
derived using spectrogram between cries of normal infants

and infants with respiratory disorders.

No significant difference exists on various parameters
derived using spectrogram between cries of normal infants
and infants with nmeconi um aspiration.

No significant difference exist on various paraneters
derived using spectrogram between cries of normal infants
and infants with history of fits.

No significant difference exist on various paraneter
derived using spectrogram between cries of nornmal infants
and infants with other risk factors (like T.E. P. fistula,

leg deformty and hearing | oss).



Brief plan of the study

3.

Adm nistration of a list of high risk factors and
collection of information from parents of normal and

abnormal i nfants.

Collection of data fromthe infants (pain cries to be
elicited frominfants by flicking sole of infant's foot
with index finger till they cry for atleast 30 seconds.

The cries are to be recorded).

Spectrographi c analysis of recorded sanple to be done on

the various selected paraneters.

Need & Inplication for the present study:

Acoustic analysis of infant cry wusing spectrography is
totally non-invasive techniques. Most ot her techniques
enployed in the diagnosis of sick babies are invasive (ex.
endoscopy, blood test etc.). The process of adm nistering
sone of these I nvasive test and techniques thenselves
carry varying amount of risk to the infant. I nvasi ve
technique require waiting until infant is of appropriate
age to sone tests. However w th recording and anal ysis of
birth cries, the nmonment of birth itself offers data for an

eval uation of infant.

It wll help to differentiate between normal and abnornal

i nfants.



- Infant cry analysis 1is a valuable tool in differential

di agnosis of different abnormalities of infants.

- Using for early identification of abnormalities and thus in

early rehabilitation (or) treatnent.

Thus acoustic analysis by spectrograph is a powerful
obj ective technique. Applying such powerful technique to
infant cries and vocalization may hold a lot of promse in
understanding infant cries of both normal and high risk

i nfants.

Limtation of the present study:

1) A small nunber of infants were included in each high risk

cat egory.

2) Only limted nunber of high risk categories were studied.

3) Only one follow up exam nation of the infants were done.



PARAMETERS USED | N THE PRESENT STUDY
| . Durational Features:
1) Duration:

The duration of the cry signal after the pain stinmulus
is the time fromthe onset of crying to the end of the I|ast
phonation before inspiration independently of whether the
si gnal is continous (or) consists  of several short

phonati ons.

2) Second Pause:

The time interval between the end of the signal and the

follow ng inspiration.

I I. Fundanental Frequency Features:

1) M ni nrum Fundanental Frequency:

Refers to |owest neasurable point in the fundanental

frequency seen on the spectrogram

2) Maxi num Fundanental Frequency:

Refers to highest neasurable point of fundanental
frequency seen in the spectrogram

3) Mel ody Type:

Mel ody type of the fundanental frequency has been
classified as falling, rising - falling, rising, falling -

rising and flat.



There should be atleast a 10% change in pitch |evel
during nore than 10% of the duration of the cry for nel ody

type to be identified.

4) Vi brato:

In considered to have occurred when at |east four
successive rapid up and down vibration have been noticed.

These appear nore clearly in the upper harnonics.
5) Shift:

Denotes an abrupt upward and downward novenent of the
f undanent al frequency and has been included in the

measur enents when it exceeds 0.1 seconds.
6) dide:

Is a rapid up and (or) downward of the fundanental
frequency. The change in frequencies nust be atleast GooHz

in 0.1 seconds.

7) Tonal Pit:

I's rapid upward and downward novenent in the fundanental
frequency. Here full in pitch exceeds 30% and occur within

0.4 seconds.

8) Noi se Concentrati on:

Refers to a clearly audible high energy peak of 2000-
2500 hz found both in voiced and voiceless parts of the

si gnal .
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9) Doubl e harnoni ¢ breaks:

Is defined as a parallel series of harnmonics which have
the sanme nelody form as the fundanental frequency and occur

simul taneously with the fundanental.

10) Furcati on:

s a termdenoting a split in the fundamental frequency
where a relatively strong cry signal suddenly breaks into a
series of weaker ones, wth each of them having its own

fundanental frequency contour.

11) Bi phonati on:

Is considered as a double series of fundanental
frequencies, but the tw (or) nore series donot have a

parall el nelody form

12) dottal plosive:

Sudden rel ease of pressure at the vocal folds producing

an inpul sive expiratory sound.
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CHAPTER - |1

REM EW

"CGying is one of the first way in which the infant is
able to comunicate with the world at large" (GCstwald and
Pet zmar, 1974). Cying is a behavior, infact, it is a
sequence of behavior pattern that is part of the |larger
behavioral repertoire of the infant and for the neonate and
young infant, crying is the primary node of expressing and
conmuni cating basic needs and events. It is a social
behavior that has powerful effects on the parent infant
relationship and it elicits strong enotions in parents. The
cry is also an acoustical event that not only affects
care givers but also contains information about the
functioning of the infants nervous system Finally as a form
of communi cation, crying is the beginning of vocalization and
may have inplications for the developnent of speech and

| anguage.

"Different investigators have offered various explanations
for the first cry emtted by the child. The function of the
birth cry is said to be entirely physiological, having to do
with the establishnment of nor mal respiration and the
oxygenation of the bl ood. It constitutes the first use of
the delicate respiratory mechanism which are to be involved
in speech. It is also the first time that child hears the
sound of his own voice and, as such has significance for

| anguage devel opnent”. (MCarthy, 1954).
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The first cry is said to have other physiologica
pur poses, such as to renove foreign material (Reto), to
i nprove pul nonary capacity in the first days of life (Tang &
Hul I, 1961), it being a defense nechanism to increase body

tenperature (Watson & Laurey, 1951).

According to Karelitz (1969), the cry probably starts
with a startle reaction created by the first breath
Hopefully, this cry is a good one, if not, a nurse (or)

doctor in the delivery room ¢tries to stinmulate the infant to

cry. It may be slaping the infant on the foot, back or by
one of several resuscitation techniques. The fact that the
cry is an essential part of l|life, alone adds significance to

the study of the infant's cry.

"During infancy the child' s only node of communication is
cry and we should listen to his vocalization and try to
interpret it. Wwen a baby is ill, the parents too are nost
eager and anxious to have sone explanation of his prognosis
and possible Ilife long defects. Any method which could
provi des further enlightnment should be thoroughly explored.

(S uruio, Mchelsson, 1976).

The inportance of wearly identification of problem and
abnormalities in childhood is increased because of the
concept of "critical period" (Lennerberg 1976). I f | anguage
is a biologically innate function as is presently believed
(Lenneberg 1967; Chonmsky, 1966) then there is optinmmtine

for its devel opnent just as in any biological function.
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Early identification is also inportant. From poi nt of view
of early intervention (Bess et al 1976) and Becker (1976)
states that in addition to being desirable for child's
devel opnent, early detection also helps parents to adjust
nore realistically to the child s problem As it woul d nake

rehabilitati on econom cal .

Attenpts have been made for early diagnosis of various
probl ens. The inplenmentation of "high R sk Register"”™ and
"infant screening prograns” have nade early identification

possi bl e.

'Screening’ as accepted by world health organization is
defined as "the presunptive recognition of unrecognized
di sease or defects by the application of tests, examnations
and other procedures which can be applied rapidly" (Roberts
1977). They are not intended to be diagnostic. Persons wth
positive or suspi cious findings rnust be referred to
specialists for diagnosis and necessary treatnment (WIson and

Launger 1968).

The concept of H gh Ri sk Register (HRR) was introduced to
screen the hearing in the new born by Janet Wrdy, a
Pedi atician. Any child who has a history (or) by its physica
appearance suggests an abnormality is at risk and such a
child is considered as a Hgh R sk Infant. In Vardy's
concept, Hgh R sk Register (HRR) is an idea of registering

every baby who is at risk, and carrying out systematic follow
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up every few nonths, (Downs 1978) for the purpose of early

identification.

In the course of tine however the HRR has assuned anot her
meaning, that is, it is list of conditions that places the

infant at risk (Dams, 1978).

There are a number of Hgh R sk Prograns |ike the
National Joint Commttee (NJC) on early identification, The
Utah state infant H R hearing program The Col orodo Infant
Program etc. In India, a high risk register for hearing
loss in children was devel oped by Ashok, (1981). Questions
have been included to collect information regarding the

follow ng factors:

1) Famly History of hearing |oss

2) Consangui nous parentage, primarily involving uncle - niece
marriages.

3) Hstory of rashes, fever during pregnancy irrespective of
the trimester.

4) Report of Rh blood group inconpatibility.

5) Parental concern about their child s hearing.

APGAR Score is a scaling system devel oped to assess the
conditions of the children based on childs behaviour. The
APGAR score is designed to determ ne the physical condition
or viability of the new born 60 seconds after birth and it
has established that these is a strong association between

low scores and neonatal nortality. The scoring nethod is
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given in the followng table response to a tangential foot
slap. In diagnostic value of the cry suggests the potential
inmportance of its role wthin the APGAR SCORE (Karelitz et
al . 1966).

Scoring nethod in Evaluation condition of new born infant

Sign Scor e
0 1 2
1. Heat rate Absent sl ow (100) 100
2. Respiratory effort Absent weak cry, Good
hypoventilation strong
cry
3. Muscle tone Li nmp Vel |
4. Reflex irritability No Sonme notion Cy
(response to skin Response
stimulation to feet)
5. Col our Bl ue Body pi nk Conpl et e-
Pal e extremties Iy pi nk

bl ue

Two of five parts of APGAR SCORE are concerned with

crying. The segnment on respiration is a response to
environnent stinulation i.e., change in the environnent
stimulation change in the environnent. VWhen there is no

crying its scored zero. Wen it is a fair cry, it is scored
one, and when it is a good strong cry, it is scored two. The
second sign (reflex irritability lists 'cry' in general. The
implementation of a HRR requires sone one to collect
information required for risk categoriztion from various

sources |ike hospital records, interview with (or) witten
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guestionnaire given to a nother, physical observation of the

child, etc.

According to Karelitz (1960) its possible to identify the
age of an infant by listening to the cry of that infant.
Further he also states that it would be possible to use this
process of identifying age based on cry abnormalities in the
child. Studies by Karelitz and Fisichelli (1962, 63) show
that there is difference in the latency and threshold of
cries of normal and infants with brain damage. The first cry

studies were based on auditory analysis al one.

Wth the devel opnent of the sound spectrograph by Porter
et al. in 1940's objective analysis of cry sounds has becone
possi bl e. Since then, many researchers have been doing
studies on cry characteristics of nornmal and abnor nal
infants. These studies have shown that cry analysis can be
hel pf ul in differentiating between nornmal and abnor nal
infants and then it wll becone an additional valuable too
for arriving at the diagnosis and prognosis of new born

i nf ant s.

The first cry in the infant is said to be very inportant.
The infant is no |onger depending on the blood circulation
from the nother, and then the oxygen supply to the body nust
be taken care of by the infant itself. To achieve this, the
infant takes the air into the lungs (or) inhalation takes
pl ace, which leads to the first cry. A delay in the cry

would lead to the lack of oxygen in the body and thus the
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i nfant becones bl ue. Blue infants are considered to be the
high risk infants, showng a history of brain damge.
Therefore, whenever there is a delay in the first cry, the
cry is elicited by one of the several resuscitation

t echni ques.

Crying is the result of the intense expulsion of air
t hrough tightened vocal cords into the pharynx and nouth as a
resonati ng chanber. The character of the cry depends upon the
intensity of air expulsion, the tension in the vocal chords
and the shape and fixation of the resonating chanmber. Since
crying is generally a maxinmal 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 difference in the ability of different
nervous systens to respond could be in the peripheral nenory
receptors, but it seenms nore conplex than that these
differences are in the nore conplex activating systens of the
brain, in the brainstemand thal anus. Likew se, the character
of the notor response could be due to changes in the
peri pheral motor control of the expulsion of air, vocal cord
t ensi on, and shape and tension in the supraglottal
resonat ors. But it is nmore likely due to the effects of
hi gher control centers in the brain, that act in nodul ating

or inhibiting fashion on the activating centres.

Borma et al., (1965) suggest that neurological maturity

is reflected in stability of |aryngeal coordinations and the
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degree of nobility of vocal tract elenents during crying.
The source filter theory of speech production provides a
theoretical basis for inferring the effects of these voca

apparatus on the infant's cry. According to this theory, the
power of the speech sound spectrum (p) at a frequency (F) is
the product of two approxinmately independently controlled
factors, the source spectrum (s) and the transfer function

(T), that is

P (f) = 3(f) x T(f)

It may be deduced fromthe source filter theory of speech
production that variability of vocal tract elenents which
affect the resonance characteristics of vocal tract el enents,
which affect the resonance characteristics of the transfer
functions, is revealed in formant frequency variability in
the cry sound spectra. In addition, it nmay be deduced that
variability of vocal cord novenent, which affects the source
spectrum is reflected in variability of Fo in the cry

spectr a.

As the neurological nechanism controlling the vocal
apparatus mature, there is increased postural control of the
vocal cords and their vocal tract, and as a result decreased
variability in the functioning of these organs. Since there
is greater variability of vocal apparatus for premature than
full terminfants, it is hypotesized that the cry spectra of
pre mature infants shows greater variability of (a)

Fundanmental frequency and (b) of formants than those of full
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term neonates. Thus one mght say that a good cry is one
that is obtained with a noderate anmount of stinulations, has
a duration proportional to the degree of stinulation, but is
readily terminated by central inhibition, and has sone
variability in total quality, inplying lack of rigidity in
the neurologic controlling mechani sm Therefore, detailed
know edge of the characteristic of crying sounds in various
conditions may be expected to give considerable infornmation

about the nervous system (Parnlec. 1962).

A sinplified view of the cry production nodel was given
by Goulb 1979. The nodel divides cry production into four
parts. The first part is the subglottal system that is
responsi ble for developing the pressure below the glottis
necessary for driving the vocal fold source. The second part
is the sound source located at the larynx. The second source
may be described mathematically, in the frequency donmain, as
either a periodic source or a turbulence noise source. These
sour ces may operate al one, or nor e frequently,
si mul taneously. Both acoustic sources originate at the voca
folds. The periodic source results fromthe vibration of the
f ol ds. The turbulence noise is nost likely produced by the
turbul ence created by forcing air through a small opening
left by the inconplete closure of the vocal folds. The third
source of «cry production is the vocal and nasal tracts
| ocated above the |arynx. This part of the cry production
system is an acoustic filter that has a transfer function

whose characteristics change with the change in length of the
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vocal and nasal tracts and the degree of nasal coupling. The
fourth part of the cry production system is the radiation
characteristic that describes the filtering of the sound
between the mouth of the infant and the m crophone | ocated

sone di stance away.

The nodel assunes that nuscle control s acconplished
within three levels of central nervous system processing,
i.e., upper, mddle and | ower processors. The upper processor
is involved in choosing and nodul ating the state of action of
the child. During the neonatal period, this higher processor
may be relatively inmature, a "conscious" control, and
i nfrequent. As a result, at the stage of maturation, many

activities occur in a "reflex |ike" manner.

It is assuned that all vegetative states such as
swal | ow ng, coughing, respiration, bowel nmovenments and crying
are within the mddle processor. The stimuli that hel ps the
upper processor to choose the appropriate vegetative state
i nclude hunger, pain, hypoxema, or hypercapnia and a full
bl adder . The neonatal cry is very much |like other actions
present at birth that are stinmulated by survival pressures.
The causes of crying are less conplex for newborns than those
for older infants. As the nervous system matures and the
child" s environnent beconmes nore conplicated, the cry may no
| onger be assuned to be "reflex |ike" but may often be the

result of volitional activity.
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The initiation of each of these previously nentioned
vegetative states, in response to a stimulus, nmust result in
the control of a large nunber of nuscles. Most likely there
exi sts some sort of "co ordinative structure" that nakes it
unnecessary for higher processes to exert control of each

muscle within a nuscle group.

The newborn cry is envisioned as resenbling the sanme type
of process as the vegetative states. Follow ng the cry
stinmul us, the upper and/or mddle processors fcr cry
production trigger the |ower processor control of the

rel evant mnuscl e groups.

Each of the three nuscle groups inportant for cry
production are controlled independently. Consequent | y
the paranmeters that each are responsible for are likely to
vary independently. Secondly , if one can pinpoint
differences in the cry as caused by subglottal (respiratory),
glottal (laryngeal) or supraglottal malfunctions, then one
will be able to correlate the acoustic abnormality wth

speci fic physiol ogi cal and anatom cal abnormalities.

In summary, the mathematical fornulation of the acoustic
theory of speech production of Fant (1960) can be applied to
infant cry production. Qutput = Source x filter. Thus, it is
apparent that there are basically two conponents to the node
of cry production: an acoustical conmponent that specifies how
sound is generated in the Jlarynx and a physiological

conponent that specifies how the configuration and novenents
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of the respiratory, laryngeal and. supral aryngeal structures

are controll ed.

Acousti c conponent of the nodel:

Truby and Lind (1965) have described three cry types:
Phonation = Dbasic, cry hyper phonat i on = shift and

dysphonation = turbul ence.

In phonation, the vocal folds vibratfully at an Fo range
of approximately 250-700 Hz. Hyper phonation results froma
‘falsetlo' like vibration pattern of the vocal folds with an
Fo range of about 100-2000 Hz. Finally dysphonation contains
both a periodic and aperiodic sound source and occurs when
turbul ence noise is generated at the vocal cords. These

t hree nodes of vibration can occur during the expiratory cry.

For a vocal tract Ilength of about of about 8 cm
(Goldstein 1979) and for a roughly uniformvocal tract cross
sectional area, acoustic theory predicts that formants at
about 1100 Hz or 3000 Hz. If there is substantia
veopharyageal opening, then theoritical analysis predicts
addi tional spectral peak in the frequency range of 2-3 Khz.
If the pharyngeal region is narrowed, then acoustic theory
predicts an upward shift of the formants. The fundanent al
frequency of vocal fold vibration and indeed the nopde of
operation of the vocal folds depend upon the subglottal
pressure and the adjustnent of the instrinsic |aryngeal

nmuscul at ure. | ncreased subglottal pressure would be expected
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to result in a higher Fo; However Fo may al so influenced by

contraction of the cricothyroid nuscle (Vanden Berg, 1965).

A cry sequence for an infant usually consists of series
of relatively long expiratory cries separated by brief
inspiratory intervals. It is not unreasonable to expect that
the durations of the units within the cry sequence and the
tinme intervals between cry which are dependent on the state
of the infant's respiratory system For exanple, a
dimnished vital capacity resulting in a relatively snall
tidal volume, would be expected to produce short and |ower

intensity cry units (Golub, 1980).

PHYSI OLOGE CAL COVPONENT OF THE MODEL:

The physi ol ogi cal conponent of the nodel is based on the
hypot hesi s that newborns tend to control the tension in their
muscles in a noncontinous fashion. One can explain three cry
types described spectrographically by Truby and Lind (1965).
Large differences in the acoustics between these three cry
types can be explained by changes in the relative tensions
(higher (or) low) of just ten (or) three laryngeal nuscles
(ol us, 1979). These would be analogs to register shifts in
adult speech (Van den Berz, Evidence from neasurenents mnade
on 1965). The acoustics and subglottal pressure during the
cry (Trub and Lind, 1965) indicates that tensions of the
larger respiratory nuscles do indeed change sonme what
continuously during the expiratory phase. In case of these

| arger nuscles, the continuous, relatively slow tension



24

changes probably occur due to peripheral state changes of the
nmuscl es rather than continuous variation in the control of
t hese nuscl es. The nost inportant of these states changes
can be described by the Ilength tension |oading aspects of
particular nuscles of the system The resulting nuscle
tensions are not only a function of higher |Ievel control,
which is probably quantal in nature, but also of the
particular length |oading characteristics of the nuscles at

the onset of the control.

The nuscle control hypotheses helps us to direct the
choice of acoustical features that wll accurately reflect
the physiology of the infant. For exanple, three cry types
described by Trubz and Lind (1965), representing different
nodes of sound production analogs to register shifts in adult
speaker makes it <clear that the acoustical features are
measures which wll vary with the particular nmode of sound
producti on. Infact, a different range of normal acoustical
features could be defined for each node of sound production.
This inplies that neaningful cry analysis requires an
assessnment of what node of sound production was used at the
time of the recordings. |Infact, previous spectrographic data
(Trubz & Lind, 1965) have shown that the maxinum Fo in
phonation rarely exceeds 550 to 600 Hz; However, a maxi mum Fo
of 1500 to 1600 Hz 1is not wunusual in hyperphonation. In
summary, the nodel of cry production can provide gui dance for

the selection of the acoustical features that are nost likely
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to reflect the anatonmy and physiology of the infant

accurately.

FACTORS THAT | NFLUENCE CRY PERFORVMANCE:

Infant cry is a product of the respiratory phonatory
system whose output has been shown to have high degree of
variability wth regard to pitch and intensity. The
respiratory system which is wundergoing rapid maturational
changes account for much of the wvariability. The
breathing rate of an infant varies as a function of age,
health, general activity and the presence of vocalization.
Initially as Fiscichelli et al (1966) have pointed out there
is inspiratory voicing in the nenonatal cry. Thi s
inspiratory sound often makes it difficult to identify an
expiratory cycle. As the infant natures, these vocalized
inspiratory periods beconme nore like sobs and virtually all
cry beconmes expiratory. By age of 1 year, infants acquire the
quick inspiratory and long expiratory phases of respiration
associated with adult speech and breathing. Shortly after
birth, the infant adds to the abdom nal novenent of early cry
by involving the thorax. After six nonths rib cage novenents
and the activity of the coastal cartilages allow for deeper

breathing, leading to the reduced rates of ventilation.

Cry behavior varies according to the cry evoking events
or stimuli. The birth cry which is unique sequence of vocal
behaviors made within mnutes of birth, may be partially pain

related as well as hunger and environnmentally related. The
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infant is taken from a dark, warm quiet environnment with a
nutritional source and is subjected to noise and noxious
stinmuli. This results in a cry that has a short repetitive
cycle and relatively high average fundanental frequency,
presumably due to the high Ilaryngeal position (Liebermn,
Harris, Wl ff & Russell, 1971; Trubz, Bosmm, Lind, 1965).
Thus the birth cry is primarily a response to the infant's
external stimulus. Further it serves to assist in the

cardi orespiratory organization in the new environnent.

Following the birth cry, the infant cries for several
possi bl e reasons: pain, hunger, disconfort (or) shock. Early
work by Sherman (1927) also considered anger, fear, however
these states are difficult to verify. Murry, Gracco and
Gracco (1979) reported on one infant who produced cries prior
to feeding (hunger) & prior to having her diaper changed
(disconfort). At 2 weeks of age, hunger <cries were
characterized by a higher fundanental frequency of phonation
(Fo), greater Fo range, |onger nmean cry durations, a |arger

proportion of phonation to silence and a nore conplex nel odic

contour than the disconfort cry. The disconfort cries with
their limted Fo range & higher incidence of a flat nel ody
wer e i nterperted as reflecting t he constrai nt or

physi ol ogi cal tension associated with disconfort.

Most of the literature describes pain and hunger cries as
the two cry type used in the study of infant cry behavior. A

third type startle cry has been used in several recent
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i nvesti gati ons. Pain cry is considered as cry from suddenly
inflicting a painful stinmulus to the infant. Miller, Mllien
& Mirphy (1974) stung the base of the foot with a rubber
band. O hers have recorded the cry coincident with taking a
bl ood sanple. Still others have used a pin prick on the hee

of the foot to elicit the pain cry.

The hunger cry is usually defined as the cry produced by
wi t hholding food from the infant at the normal feeding tine.
In sonme instances, feeding is begun and then stopped,
resulting in what is operationally defined as a hunger cry.
The startle cry has been elicited in a nunber of ways, froma
loud clap near the infant's head to suddenly dropping the

child towards a table top.

Prior to the controlled investigations in 1960's, no
clear evidence was available to indicate the "presence of
physical differences or any conmmunicative functions of the
various cry types. In 1963, Wasz Hockert, Valanne, Vuoren
Koski, Mchelsson & Solvijarri (1963) reported oh the
acoustic patterns of birth, pain and hunger cries using sound
spectrography. They described the rising or falling patterns
in the birth cry but only qualitative differences between the
pain and hunger cries. Sedlackova (1964) noted the birth cry
to be a high frequency signal. Murry, Anmundson & Hollien
(1977) systematically examned the frequency characteristics
of pain, hunger and startle cries of 4 male and 4 female

i nfants. For all three types of cries the males produced a
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hi gher nmean Fo than fenmales. The cries were not only
differentiated on the basis of sex but also according to cry
type. Pain cries resulted in the highest Fo, followd by the
hunger cry; the startile cries had the |owest nean Fo.
However, the difference in Fo were not statistically
significant and each infant had a |arge standard derivation
for at |east one cry type. The consistent finding of higher
Fo in males for all cry types verifies a trend reported by
sheppard and Lane (1968); nanely that male infants have a
hi gher Fo than females and al so specul ation by Hollien (1980)
that male voice fundamental frequency is higher than the

femal e voice during first 6 years of life.

Majority of studies of cry duration and cry intensity are
based on data derived from pain cry stinuli. Mor e
information regarding trends in age, sex and cry types
(especially pain and hunger) is available wth each new

generation of investigators.

The acoustic patterns of cries have given rise to
numerous investigations of auditor's perception of these
events. The notion of cry as a neaningful node  of
communi cation stens from early perceptual studies of infant
vocal i zati ons. In 1927, Sherman attenpted to elicit
di stinctive enotional response from neonates using four
stimuli; restraint of the head, pricking with a needle, wth
hol ding feeding and suddenly dropping towards a table top.

She found that both trained subjects (nurses, nedical
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students and graduate psychology students) and untrained
observers (college Freshnman) were unable to match correctly
the enotional responses wth the cry evoking stinuli

Al t hough Sherman argued that the nature of the disconfort
could not be distinguished on the basis of the cry. The
techniques for testing the two observer groups did not allow
for separtion of the visual and auditory conponents of the
infant's cry responses nor were their judgenents based solely
on the auditory perception of the cry sounds. Wasz-Hockert,
Part anen, Vuorenkoski, Valance & Mchelson 91964) tested the
notion that different types of infant vocalization are
perceptual Iy distingui shable. Recordi ngs of vocalizations
"typical' to the situation of birth, pain, hunger and
pl easure were obtained from normal neonates. Eighty nurses
who were trained in the care of crying children, listened to
the random zed cry recordings and were able to identify the
type of vocalization 67% of the tine. In a follow up study,
Wasz - Hockert et al (1964) used the sane experinental nmethod
to examne the effect of training or the ability of the
listener to identify the cry evoking stinulus. They found
that the trained listeners were able to identify the types of

cry evoking stinuli better than the untrained |isteners.

Mul | er etal (1974) reported or the perceptual response of
nothers to the cries of their children. In a carefully
controlled experinental protocol, they elicited three types
of cry pain, hunger and startle fromfour nmale and four nale

infants age three to five nonths. Al the children were
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heal thy and the sanples were obtained in a quiet environnment.
After all recordings were made, first and third 15 second
segnents of each of the 24 recordings (eight infants by three
stimulus condition) were extracted, random zed, and presented
to two group of Ilisteners. G oup A consisted of the nothers
of eight infants recorded in the study. They were asked to
indicate on their answer sheets whether the stinuli that
originally evoked the cry were of pain (P) hunger (h) (or)
stratle (S), and whether or not the sanmple was fromtheir
i nfant. Goup B consisted of ten nothers of children whose
ages were conparable with the infants recorded in the study
but who had no previous contact with eight subjects. The
results indicated that, sonme of the hunger cry sanples were
correctly identified as hunger cries, a significant nunber of
times by both groups of listeners and a nunber of other

sanpl es also were, incorrectly, identified as hunger cries a

significant percentage of tine. Therefore it nust be
concluded that nothers incorrectly perceived an excessive
nunber of sanples as hunger cries and that those hunger
sanples that were correctly identified nerely reflect this
general bi as. These results were simlar for the sanples of
not hers judging only their own infant as well as for judging
all infants. These results support the contention that the
acoustic characteristics of the cries of normal infants carry
little perceptual information to the nother with respect to
the cry evoking stimulation (Mirry, Mitdalgard & Gracco
1983). It mght be hypothesized, therefore that within the
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normal situation, the cry generally acts sinply to alert the
nother and that any of her suppositions concerning the
situations that evoked the cry behavior nust be based upon
addi tional cues fromthe environnent (or) the context of the

si tuati on.

In further studies (Murry, Hollien & Miuller 1975) it was
observed that nothers recognized their own children sinply on
the basis of a 15 second cry, despite the fact that they
could not recognize the cry type. When it cane to judging
the sex of criers, nothers had difficulties with the task,
except when judging their own children. After acoustically
analyzing the cries, the investigators (Mirry etal, 1977)
concluded that the perceptual cues relating the fundanental
frequency and vocal tract that are utilized in judging the
sex of adult voices are not evident in the voices of infants.
Moreover, the finding of higher Fo values in males from
infants to age 6 would be expected to lead judges to
erroneous conclusions about sex, because Fo is so extensively
used in perceptual judgenent of speaker's sex (Sing, Mirry,

1978) .

TECHNI CAL & METHODOLOG CAL CONSI DERATI ONS - STUDI ES OF | NFANT

CRY:

Infant cry can be considered in ternms of its signal and
sign properties. As signal, the sound is a conplex wave
form requiring sosphicated acoustical devices for analysis.

To avoid, the problem of signal/noise interactions the
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recording of <crying is done at its source, that is, the

infant's nouth. This approach skirts the perceptual issue,
nanely, what is the sound when it reaches the |istener?
Ignoring the element of time, it's possible to describe

certain features associated with the intrusive, alerting
quality of these recorded sounds, specifically their
intensity (83 - 85 d3) and the prom nence of octave harnonics
(Cstwal d, 1972). Sound spectrography has the advantage of
preserving the tenporal configuration. This nethod al so gives
a farily reliable "picture" of certain events that cannot be
described by Ilisteners, that is, mcrosegnents containing
shifts, biphonations, and the Ilike occurring sublimnally
probably but still adding to the total "inpact" the cry nakes
on the listener. In this respect, spectrography represents a
nost inportant technical innovation. However, when |arge
sanpl es have to be analyzed, spectrography becones an overly
time consum ng procedure, and there is also sone |oss of
accuracy in the tenporal realmresulting from discontinuities
bet ween adjacent spectrograns. For this reason, Poulter,
1968 has used a continous spectrography (a Ragscan appartus
designed at the Stan ford Research Institute in Menloo park

California). In one study, when it was necessary to process
many cries produced by craniopages twins, Peltznan et al
(1970) have relied on conputer —averaged spectra to conpare
the two babies. Several cry studies using high speed digita

conput ati on have appeared since then (Lester & Zeskind, 1982;

Tenold, Crowell, Jones, Daniel, MC. Pherson, and Popper,
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1974) and it seens reasonable to assuned that future research

will begin to explicit autonmated nethods nore and nore.

In ternms of data collection, crucial decisions have to be
made about the sign properties of infant sounds, under
conditions of continuous bedside nonitoring (Vuorenkoski,
Lind, Wasz - Hockert, & Partaken, 1971). | f spont aneous
vocal i zations are to be included in the analysis, it becones
difficult to know when to label a sound a cry as distinct
from a noncry. And how is one to define the conditions
causing a cry ? (Gastric intubation (to neasure contractile
events presunably related to hunger), skin electrodes (to
nmeasure EEQ or (EM5 correlates), and other required
instruments tend to be seen as invasive and restrictive
nmet hods; today they are often unacceptable in terns of the
etnics of human  experinentati on. To inflict pain
deliberately is another objectionable technique, especially
when the subjects cannot give infornmed consent. Efforts have
been made to mnimze these objections by recording the cries
produced by so called routine procedures for exanple, blood
sanmpling or circuntision. But such stimuli tend to be

excessive and can produce exaggerated vocal responses. Al so,

the presence of ancillary personnel -lab technicians, nurses
and the like - in the recording area adds unwanted noi se and
makes for a less than ideal experinmental environnent. In

studies wusually three cry types appear to energe with a
definable construct - birth cry, pain cry and hunger cry.

Al t hough the hunger cry may actually enbody other cry
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characteristics such as di stress, di sconfort, and
irritability, feeding tends to elimnate the cry behavior and
may therefore be operationally defined the hunger cry. Future
investigations of cry wll require nmore specific definition
of the cry types and nove rigorous control of the events

|l eading to the cry.

TECHNI QUES OF CRY ANALYSI S:

The infant cry has interested researchers of different
disciplines for a long tine and several nethods have been
utilized for cry analysis. Cry studies of infants have been
done by auditory analysis, wth nusical notes, phonetic
transcription, volunme wunit graphs and analysis by using

el ectrol aryngograph, spectrograph and conputer anal ysis.

AUDI TORY ANALYSI S:

The nost readily avail able neans for cry analysis is the
human ear. Over years, various technol ogical advances have
increased our ability to assess the infant cry by I|istening.
One of the first reports of the acoustic structure of infant
cries was published in 1838 by WIliam Gardi ner. He descri bed
the cries calls of both humans and animals by neans of
musi cal signs. According to Gardiner, the tones of infant
crying generally are between the notes of A & E in the mddle
of the piano key board. The initial expiratory conponent is
usually the nost prom nent feature of the cry; it lasts about

a second on an average and has an wup and down nel odic



35

patterns. The inspiratory conponent of the cry is nuch

shorter.

Flatau & Gutzmann (1906) used a graphophone to record
infant vocalizations. They listened to the cry recordings of
30 neonates and noted three infants wth high pitched
phonati ons. In 1936, Levis used the international phonetic
Al phabet (I1PA) for the first tine in an attenpt to describe
i nf ant vocal i zati ons. Fai r banks (1942) listened to
granophone records to study the frequency characteristics of

the "hunger wails" of one infant over a period of 9 nonths.

Wasz- Hockert, Partanen, Vuroem Koski, Valanne (1964) have
found from tape recordings of hunger, pain, pleasure and
birth cries can be identified auditorily. Val anne eta
(1967) found that nothers can recognize the vocalization of
their own infants. This finding was supported by the work of
Fronby (1967). Massengill (1968) found that speech clinicians
were not able to recognize grade of nasality (or) type of

crying of infants with cleft pal ate.

Partanen, Wasz - Hockert, Vuorenkiki, Theorell, Valanne &
Line (1967) denonstrated that the pain cries of healthy
infants could be differentiated from cries of sick babies
with one of the followng diseases: Neonat al asphyxi a
neonatal brain danage, neonatal hyperbilirubinenia and Down's
syndr one. It was shown that after a training period of

approximtely two hours 82 pediatricians could diagnose
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normal and pat hol ogical cries very accurately, differentially

di agnose specific pathol ogy, sonme what |ess accurately.

Hollien, Muller, Mrphy (1974) studied the ability of 18
nothers to perceptually differentiate cry sanples elicited by
3 different stinulus conditions - Hunger, pain, and auditory
stimul ation. In some instances, the nothers were eval uating
cries produced by infants with whom they were unfamliar and
in other cases they judged cries produced by their own
i nfants. Results indicated that 18 nothers were unable to
successfully match the cry sanples with three cry evoking
situations. The investigators hypothesize that w thin nornal
hone situation, the cry generally acts sinply to alert the
nother and that any of her suppositions concerning the

situation that evoked the crying behavi our nust be based upon

addi ti onal environnental cues.

Murry, Amundson and Hollien 91977) noticed that an
infant's sex could not be reliably identified on auditory
basi s. Auditory differences between the crying of sick
infants and healthy ones have often been recognized by
perdiatricians. Illingworth (1955) states that, "a clinician
recogni ze the hoarse, gruff cry of cretinism the hoarse cry
of laryngitis, «cerebral irritability, the sweating cry of
pneunonia, the feeble cry of anytonia (or) a severely

debilitated infant, the whinper of the seriously ill child"

Partanen etal 91976) found that audi ble differences were

recogni zabl e when the cries of healthy newborn infants and
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t hose which asphyxia-brain damage, jaundice/Down's syndrone
were conpared by 45 pediatricians 137 nmedi cal students. The
test tape included 20 pain cry signals representing eight
normal and three cries each from other groups. A few nonths
training inproved the ability of nedical students to
recogni ze cry types. The studies have denonstrated that
nmedi cal information can be obtained from listening to cries.
This nethod of analysis is readily available and can be
i mproved with experience, training. However it is clear that
auditory analysis provides only a fraction of information
contained in the cry signal, that nore sophicated techniques

m ght give nore significant diagnostic infornmation.

TI ME DOVAI N ANALYSI S:

Time domain information is obtained from devices that
groph sound magnitude versus time on a paper strip chart.
Fisichelli & Karelitz (1963), Fischeelli, Karelitz, Ei chbauer
& Rosenfield (1961) & Karelitz (1962) used such a device to
exam ne infant cries. They found that infants with different
brain damage required a greater stinmulus to produce 1 mnute
of crying (1962) and that near |atency period between pain
stimulus and onset of crying was significantly |onger for
abnormal infants (2.6sec) conpared to healthy infants (1.6

sec) (1963).

A direct witing oscilogroph was a tine donmain device
used by Lind, Wasz-Hockert, Vuroem Koski and val anne (1965)

to study the time course of the duration and |atencies of
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different kinds of crying. They found that the initial
phonation of a cry records are nore irregular than those that
appear once the infant is fully aroused. After this arousal

a gradual reduction in tinme and intensity of the cry units

occur until the baby stops crying.

Wl ff (1967, 69) neasured inspiratory as well as
expiratory phonation and revealed duration differences
between "hungry, mnmad pain produced, and teased crying" in
four day old infants. Hi s data also indicated that in pain
produced cries, the cry units (one expiratory phonation) are

| onger in the beginning of the cry record than at the end.

The preceding studies illustrate that wuseful (though
l[imted) information can be obtained utilizing tinme domain
i nstrunments. This technique has the advantage of being

relatively easy to operate and it is inexpensive, reliable
and easy to inspect visually. However there are also nany
problems wth this nethod of analysis. There 1s signal
distortion due to pen inertia and paper speed variation that
results in poor frequency response. Manual neasurenent of
feature is open to human error and is rather tedious process.
Finally the nmagnitude information shown is in reality an
average neasurenent over a short time interval. This interval
is fixed in witing of the apparatus in the inflexible and

liable to lose inportant information.
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FREQUENCY DOVAI N ANALYSI S:

Devices performng frequency domain analysis allow one to
obtain a course representation of the frequency spectrum
characteristics of a sound. They utilize a bank of band pass
filters. These filters allow only input of a specified
frequency, range, neasure the average nmagnitude in that range
and give a visual display of the relative magnitude. One can
then conpare the relative magnitude of a series of frequency
range. The band pass filters cure either one third or, one

hal f of an octave in w dth.

OGstwal d, Freeman, & Kurtz (1962) used the half octave
band analyzing to examne the cries from 32 tw ns. They
determned that the variability in pitch measurenents and
tenmporal characteristics between the cries of twin could be
explained by differences in "weight, si ze, physi ca
devel opnment and vigor of the children recorded”. GCst wal d
etal concluded that it was the other factors that determ ned
the characteristic of the cries and that heredity did not
play a major role. Later Ostwald (1963) wused half octave
analysis to analyze the cry of normal neonate and found the
fundanental frequency to be between 425 and 600 Hz. As
inmplied by the nane, these devices only give information
about the relative magnitude of various frequency ranges.
They do not give timng informtion. In addition, the band
pass filters use a relatively easy, inflexible bandw dth.

This makes the frequency information obtained of limted
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val ue. However an illustrated by the work of Ostwald, some
useful information is obtained with this nethod of sound
anal ysi s.

| V SPECTROGRAPHI C ANALYSI S:

The sound spectrograph produces a pernmanent visual record

showing the distribution of energy in both frequency and

tinme. It was originally developed at Bell Laboratories in
the late 1940s. Its main goal was to aid the deaf by
presenting a visual display of speech. It didn't achieve

this goal because of the conplexity of the speech signal as
well as the limtations of the spectrograph itself. However
since it was presented in 1946, it has been a very useful
i mportant device in many areas of signal processing. These
areas include adult speech, animal, bird sounds, nusic and

infant cries.

Over the past 20 years, npst studies of the infant cry
have utilized the sound spectrogram Scandi navi an research
headed by Wask Hockert and Lind has particularly advanced
the understanding of infant cry. They have defined
spectrographically based cry paraneters that can be grouped
into tw general cat egori es: duration features and
fundanental frequency features. A short description of these

spectrographic features are as follows:
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Dur ati on features:

1) Latency period: The tinme between the pain stimnmulus applied

3)

b)

to the child and the onset of cry sound. The onset of
crying was defined as the first phonation lasting nore

than 0.5 seconds.

Duration: This feature is a neasure of the time from the
onset of the cry to the end of the signal and consist of
the total vocal i zation occurring during a single
inspiration (or) expiration. The boundaries were
determined by the point on the spectrogram where sound

"seenms" to end.

Second pause: The tinme interval between end of the signa

and follow ng inspiration.

Fundanment al frequency features:

Maxi mum pitch: The highest neasurable point of the

fundanental frequency seen on the spectrogram

M ni mum pitch: The | owest neasure point in the Fo contour

seen on the spectrogram

Pitch of shift: Frequency after a rapid increase in the
Fo seen on the spectrogram

Gottal roll/vocal fry: Unperiodic phonation of the voca
folds wusually occurring at the end of an expiratory
phonation when the signal beconmes very weak Fo becones

very | ow.
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* Vi brat o Defined to occur when there are at | east four

rapid up and down novenents of Fo.

Melody type: Either falling, rising/falling, rising,

falling/rising or flat.

Continuity: A neasure of whether cry was entirely voiced,

partly voiced, (or) voice |ess.

Doubl e harnmonic break: A sinultaneous parallel series of
harmonics in between the harnmonics of the fundanental

frequency.

Bi phonation: As apparent double series of harnonics of two
fundanmental frequencies unlike double harnonic break,

these two series seemto be independent of each other.

diding: A very rapid up and down novenent of Fo usually

of short duration.

Noi se concentration: H gh energy peak at 2000 - 3000 Hz
found both in voiced and voiceless signals, this attribute

is clearly audible.

Furcation: Termused to devote a 'split’ in Fo where a
relatively strong cry signal suddenly breaks into a series
of weaker ones, each one of which has its own Fo contour.

It is seen mainly in pathological cries.

Aottal plosive: Sudden release of pressure at vocal folds

produci ng an i nmpul sive expiratiory sound.
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Many investigators have exam ned the correl ati on between
abnormal ranges of spectrographically obtained cry features

and particul ar nedical problens.

Spectrographic studies were carried out for infants with
oropharyngeal ananolies (Line et al 1965; Massengill 1968,
M chel sson 1975); asphyxia neonatorum (M chelsson, 1971,
M chel sson etal, 1975); asphyxia neonatrum (M chelsson 197 ;

M chel sson etal 1977; Wasz Hockrt, Lind, WVuroenkoski,

Partanen, V.Valance, 1968) synptomiess |low birth weight

(M chel sson, 1971); Her pes encephalities and congentia
hypot hyr odi sm (M chel son, Sirrio, 1975, 1976) ;
Hyperbilirubnem a (Wasz-hockert etal, 1971), nalnourished
infants (lester 1976); Genetic defects (Fisichelli, Coxe,

Rosenfield, Haber, Davis, Kavelitz, 1966; Lind, 1965; Lind
etal, 1970; Vuorenkoski et al, 1966; Wasz Hockert etal 1968);
Sudden death syndrone (Collon, Steinschneider, 1981; Stark &
Nat hanson, 1972); & m xed syndrones (Gstwald, Phipps, & Cox,
1968; WAsz hockert etal, 1968).

Cbvi ously, the spectrogram has been a useful tool for
t he advancenent of understanding infant cry analysis. It is
relatively inexpensive and is a good way to 'visualize
acoustic signals. However, it has several limtations. First,
there are physical limtation of the analysis. The
spectrogram has a poor dynamic range, often inadequate
frequency resolution. In addition, the spectrogramrequies

vi sual i nspection of the output for interpretation.
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Extracting acoustical information spectrographically is a
long and tedious process that require much expertise. As a
result, it's not possible to analyze a large sanple of cries

qui ckly and accurately.
5. COWUTER BASED S| GNAL PROCESSI NG:

Conputer analysis allows nore accurate determnation of
the acoustical information and extractions of information

that woul d ot herw se unobt ai nabl e.
The anal ysis procedure consists of five mjor steps:
1) Recording of the cry

2) obtaining the paraneters of fundanental frequency,

formants & anplitude Vs. tine.

3) Sanpling the conplex Fo contours in order to facilitate

the devel opment of Fo features.

4) Developing a nunber, of features from the paraneters &
sanpl es by procedures that include averaging within cry
modes & cal cul ation of probability of being in any node

and any point in the cry.

5) Conglomerating relevant features into and  set of

“di agnostic tests".
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The requirement for tape recording system include a
relatively flat (3dB 100 - 1500 Hz) frequency response, a
dynam c range of 40 to 45 dB and a signal to noise ratio of

approxi mately 20 to 250 Hz.

The recordings are processed to obtain the paraneters of
anplitude, fundanental frequency formant frequencies. Region
in which the three |aryngeal nodes (phonation, hyperphonation
& dysphonation) occur are marked as well as the occurrence of

glottal stops and inspiration phonation.

From the anplitude contours, formant tracts, and
fundanmental frequency contours, features are extracted at
appropriate itenms in order to allow reconstruction of the
contour or tract with a mninum of lost information. Timng
and anplitude data are obtained from each of the first eight
cry units and detailed formant frequency and Fo data are
extracted from first two cries in each sequence. These
features specify certain attribute of the Fo contour for
phonati on, for hyperphonation, certain attributes of the
formant contours and classification of phonation types in
each cry and so forth. The final analysis stage utilizes 80
features to determne the outcone of specific cry tests.
This stage essentially entails the congloneration of those
features that best represent the specific test of interest.
One can then assess each feature individually (or) group of
features into appropriate. G ouping of feature into test is

based on nodel of cry production.
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A conputer baaed signal processing systemis utilized for
all data extraction. This systemallows conplete anal ysis of
a cry in 5 to 10 mnutes and is entirely automatic. The
conputer is able to control the taperecorder, so that can
nerely insert a tape, tell the conputer what tinme to start

the analysis and then return late to examne the results.
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CRY IN HEALTHY FULL TERM | NFANTS

Analysis of pain cries from nore that 330 healthy new
born infanta was done by M chel sson, 1971; Wasz Hockertal et
al, 1963, 1964, 1968). Study done by Thoden, Koinisto (1980)
dealt with prospective analysis of cries of 38 infants from
birth to 6 nonths of age and analyzed the first, second,
third phonation after the pain stinulus. In all pain cry
studi es done, the nean maxi mum pitch of fundanmental frequency
wi t hout shift has been about 650 Hz and the nmean m nimum
pitch about 400 Hz. In 80% of the sanples, pain cry had a
falling or rising/falling nmelody type with a stable pitch and
a duration of approximately 2.5 sec. Shifts with higher pitch
occurred roughly in every third cry. The nean maxi mum pitch
of shift was about 1200 Hz. The mean nmaxi mum pitch of whole
cry was 800 Hz when the maxi mum pitch had been neasured from
hi ghest part of either the min fundanental frequency or
shift. The signals were voiced and continuous in about two
thirds of the cries. The occurence of glottal roll was quite
comon, mainly at the end of phonation. Vibrato occassionally
percedded the glottal roll part. Bi phonation, glide,
furcation and noise concentrations were extrenely rare in
normal infant cries (Mchelsson 1971; Thoden & Koivisto 1980;
Wasz - Hockert et al 1968). In order to investigate possible
standardi zed differences the cry characteristics of second
and third cry signals in pain induced cries, Thoden &
Koi visto (1980) did a study on cries of 38 children. They

found that 3 first cry signals after the pinch did not differ
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much from each other. There was no significant difference in
t he maxi mum and m ni mum pitch of the fundanental frequency in
the three signals analyzed. Shifts were however nore often
in the first cry signals even if the differences were not
statistically significant. Because  of nore frequent
occurrence of shifts, the maximum pitch, including shift was
sone what higher in the first cry signal. The second and
third signals were significantly shorter and nore often
conti nuous than the first signal. Gottal rol and vibrato

were nore common in the first signal.

The variation in the durational features in nornal
newborn infants is quite |arge. According to different
authors, the latency period is fromO0.6 to 3.6 seconds. This
variation is attributed to neasuring techniques and the
infants wakefulness. But it may al so be due to the fact that
the latency period is not quite uniformin healthy neonates.
The first Jlatency is often longer than the |[|atency of
i medi ately repeated stinulation. Various reports have given
different duration of phonation depending on the analyzing
t echni ques used. The average is reported from 1.1 to 2.8

secs. (Siruio & Mchelsson, 1976).

Anot her characteristic response of the normal infant, a
few days older has been reported by Karelitz, Fisichelli
(1969). Wien the rubber band snap was used as a neans of
stinmulation to elicit the pain cry, there was a startle

reaction formed by a period of breath holding. The arns and
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hands are extended, his facial expression is that of fright
and loud burst of crying is followed by several bursts which
are simlar to the first. As the child continues to cry, the
bursts taper off to a stop. In the case of an older child,
he m ght also sob for sonme time. Sobbing is not observed in

severely brain damaged i nfants.

Birth, hunger and pleasure cries were analyzed by WAasz-
Hockert et al (1968). In 148 hunger cries the nmean nmaxi mum
pitch was 550 Hz. and nmean mninmum pitch 390 Hz. The shift
occurred in only 2% of the cries. The nelody type was
falling or rising/falling in 80% Gottal roll occurred in
24% In 77 first birth cries, the mean maxi num pitch was 550
Hz. and nean mninum pitch 450 Hr. Shifts occurred in 18%
The cries were of shorter duration, nmean 1.1. sec. Pleasure
cries had a nean maxinmum pitch of 650 Hz and nean m ni num
pitch of 360 Hz; shifts were seen in 19%glottal roll in 26%

flat signals were nore conmon, occurring 46% of tine.

Thoden & Koivisto (1980) nmde a prospective study of
cries of infants at 1 & 5 days of age and at 3 & 6 nonths.
The only significant difference in first cry signals at age 1
day, 5 days, 3 nonths and 6 nonths were that the signals
were less often continuous at age of 3 nonths. And t hat
vibrato was less comobn at the age of 6 nonths. Resul ts
indicate that there are few changes in cry characteristics
fromone day of life up to the age of six nonths. The results

showed however there were difference in cry characteristics,
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i nfants. It has been found that it is not only the pitch but
al so other cry characteristics that change when child is sick
and these changes are especially comon in diseases in which

the central nervous systemis affected.

CRY IN NEW BORN LOW BI RTH WEI GHT | NFANTS:

M chel sson (1971) anal yzed sanples of 105 synptonl ess |ow
birth weight infants. Results showed that there was no
difference in the cry of low birth weight infants and 50
healthy full term infants with low birth weights. The nean
of maxi mum fundanental frequency in the infants wth |ow
birth wei ght was 640 Hz. The premature infants were divided
into 2 groups. Those born at 35-37 gestational weeks and
t hose born at 34 gestational week or earlier. Results showed
that the younger infants cried with a higher pitch. The
fundanental frequency was highest in the youngest prematures
wth a mean of maxinmum pitch being 1360 Hz and a nmean of
m ni mum pitch being 590 Hz. The dom nating nelody type in
all premature infants was falling or, rising/falling simlar
to the controls. Bi phonation and gliding occurred in the
cries of prematured 5 - 14% of the tine. No significant
changes were seen in the continuity and voicing of signals
and also in the occurrence of double harnonic break or in the
second pause. As the premature infants grew older, its cry

become simlar to that of a healthy child born at full term
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Ternold et al (1974) found a nedi an fundanmental frequency
of 752 Hz for 5 premature infants and 518 Hz for 9 full term
i nfants. Lester and Zerklind (1978) found that the cries of
full term but underweight infant had a shorter duration (2.0
sec) and a higher fundanental frequency (740 Hz) than babies

of normal birth weight (4.9 secs and 467 Hz. respectively.).

CRY | N NEVBORN | NFANTS W TH ASPHYXI A:

M chel sson (1971) collected cries from 250 asphyxi ated
infants during the first 3 days of life. Al'l infants were
bomwth APGAR score of 7 or less at 1 or 5 mnutes of age.
The children were divided into groups dependi ng upon whet her
the child suffered from respiratory distress (Peripheral
asphyxi a) or had neurol ogical synptons in the new born period
(central asphyxia). The cry characteristics were conpared to
the crying of 50 healthy full termand 75 premature infants

depending on whether the neonate wth asphyxia was full

time/ premature. In both, gestational age groups, cry was
abnormal in 125 <children with central asphyxia and in 80
children with peripheral asphyxia. The cry was, however
different in both groups from abnormal infants. The mean
maxi mum pitch including shift was 1460 Hz. in full term
neonates wth central asphyxia, 1000 Hz in peripheral

asphyxia and 650 Hz in controls (M chel sson & Wasz - Hockert,
1980) . Prematures wth central asphyxia had a nmean maxi mum
pitch of 1950 Hz. including shift, the mean in peripheral
asphyxia was 1610 Hz. and in synptom ess prematures, 1520 Hz.
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M chel sson (1971) showed that biphonation occurred nore than
20% glide in nore than 10% of sanples with asphyxia. R sing
and falling/rising types of nelody occurred in nore than 30%
of the signals. These changes in the cry characteristics
were nore marked, the nore severely the newborn had suffered

from asphyxi a.

M chel sson (1971) found that if the cries becanme nornal
in few days after asphyxia the child was nore Ilikely to
recover Wwthout neurological sequelae than if the cry
characteristics remnd abnormal during the hospitalization
period. The prognostic value of cry analysis in asphyxia was
confirnmed in a follow up study by Mchelsson et al (1977).
The results showed that infants who at later check up were
found to be neurol ogically damaged had nore abnormal cries in

t he newborn period.

Syutkina, Mchelsson and Sirvio (1982) from an ani nal
studies experinmentally confirmed that asphyxia produce
changes in the sounds produced. The study analyzed the
utterance of wistar rats in which asphyxic was experinentally
caused by clanping the wunbilical cord 2 to 4 days birth.
Ant enat al hypoxia was found to produce a significant increase
of maxi mum pitch and decrease in duration of phonation. The
mean maxi mum pitch was 4140 Hz in 61 pain induced utterance
of asphyxiated rats and 2890 Hz in 34 utterances of control

rats.
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CRY I N CLEFT PALATE | NFANTS:

Messengill (1969) investigated to determ ne whether the
speech clinicians who have worked with cleft palate children
could differentiate between cleft palate and cleft |ip babies
fromthe recordings of their cries. He al so investigated to
see if there was significant correlation between |ength of
cry and the judged nasality of the cry. 30 infants in the age
range of 1-24 nonths were taken. The results indicated that
judges were not able to find any differences in nasality
between the cries of babies wth cleft palate only, wth
cleft lip only and babies wth both. Correlation between
length of the cry print and judged nasality of the cry; and
the age of the child and nasality of the cry were not
statistically significant. Generally, the longer cry prints

were fromthe ol der chil dren.

Sound spectographic analysis of infants with cleft palate
was reported by Mchelsson et al (1975); 52 cries from 13
infants with cleft palate were analyzed. When conpared to
cries of healthy neonates of the sanme age, no differences
were observed with respect to fundanental frequency. The
mean maxi mum pitch was 710 Hz, the nean m ninmum pitch was 360
Hz. The nelody type was falling or rising/falling in 88% of
the cry sanples glide occurred in 10% of cleft palate
i nfants. Bi phonation was not seen. Sever al cry
characteristics connected wth disturbance of CM5S were not

seen in the cries of cleft palate infants. In studies by
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Raes et al (1980), Raes, M chelsson, Dehaeu, and Despontiv

(1982) these results were confirned.
CRY I'N I NFANTS W TH HEARI NG | MPAI RVENT:

Collins (1954) in a synposium on the deaf child, has
witten that deaf babies coo and gurgle in a normal fashion
and that from 9-18 nonths this appear to be devel oping
speech, saying 'munmumi, 'dada'’ but that no further progress
in speech is then nmade. Taperecordings of infants of
congentially deaf parents and of normal parents showed no
di fference. The vocali zati on, cooing and «crying were

identical and were regarded as devel opnental .

A conparative study of prelinguistic vocalization of deaf
and normal hearing was done using sound spectrographic
analysis by Stanley (1976). The infants ranged in age from
17-24 weeks. A significantly greater nunber of identifiable
stops and greater voice lag tine were found in the deaf

infants vocalization patterns.
CRY I N CHROMOCSOVAL ABNORMALI TI ES:

Study on cries of infants with chronosonmal abnormalities
Vuor enkaski et al (1966) analyzed the cries of infants with
del etion of chromobsonme No. 5, the cri-du-chat syndrone. A
general pitch of 860 Hz in 44 cries of 8 children was noted.
Additionally it was found that a flat nelody type occurred in
36% and rising nelody type in 23%of the sanples. M chel sson

et al (1980) found approximately the same val ue of the
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f undanent al frequency in tw infanta wth cri-du-chat
syndronme. Flat nelody types were common. Luchsinger, Dubois,
Vassel la, Doss, door, and Wesmann (1967) and Bauer (1968)
have also found that children with cri-du-chat syndrone had

cries with pitch of 1000 Hz.

M chelson et al (1980) had analyzed 135 cries of 14
infants aged 0-7 nonths, who exhibited various chronosonal
abnormalities, except Down's syndrone. Two of the infants
had the 'cri-du-chat" syndronme, two deletion of chronosone,
3-13 trisony, 3-18 trisony and one case each of abnormalities

of chronosone 1, 2, 8, and 20.

The duration of the cries in the chronosomally abnornal
infants had a wide range from 0.3 to 18.7 secs. The nmaxi num
and mnimum pitch were significantly higher in case wth
short arm deletion of chronosone 4 or 5 in the case with
partial trisomy 1, and in one case wth trisonmy 18.
Significantly |ower maxi mum and mninmum pitch were noted in a
case with extra chronosone material at the distal end of
chronosone 1, a lower maximum pitch in one case of trisony
18, a lower mnimm pitch in one case with trisony 13 and
another with trisony 18. The cry in the cri-du-chat’
syndrone differed from the «cries of other chronosonal
abnorrmalities as it was nmore high pitched and had a flat
nonot onous nel ody type. Shifts occurred in alnost every
second cry. Shift and flat nelody type was |ess comon in

the cries of infants with anomaly of chronosone 4. The |ack
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of shifts and the frequent occurrence of glottal roll in 13
and 18 trisony accentuated the hoarse low pitched cry in
t hese infants. The dom nating nelody type in 18 trisony was
falling/rising - falling and nore flats signals occurred than
in the controls. In 13 trisony, signals with flat nelody

type were also increased, when conpared with the controls.

It was also found that the pitch characteristics in
chronosonmal |y abnorrmal infanta were different from those in
infants with other diseases affecting the brain, such as
asphyxi a, hyper bilirubinaem a, hypoglycaem a and nenigitis,
in which nore high pitched cries occurred. In asphyxi a and
menigitis, an increase in rising and falling/rising nelody
type and a nore frequent occurrence of biphonation and
gliding have been observed. No bi phonation had occurred in
the cries of infants with 13 and 18 trisony. diding occurred
in only one case. This was the only infant who had Apgar
score at 5 mnutes. The asphyxia m ght have affected the cry
results in this case. The anatom cal defects of
physi ol ogi cal mechanism that change the cry pattern in
chronosone ananolia are not known. (M chelson, Tuppurainen,

Aul a, 1980).

Fisichelli and Karelitz (1966) obtained sanples of crying
from four male nongloid infants, 6 nonths of age and four
normal infants matched for age and sex and fed it into the
panoram c sonic analyzer in order to survey the frequency

content of the cries. Results showed that cries of nornal
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infants were relatively honogeneous. The spectra of the
nongl oi ds showed greater variability within each
spectrograns, nore peaks and troughs were discremble

indicating that the intensity variations were much greater

for nongloids than they were for normal. The frequency
content of the spectrograns of normal infants were nuch
richer than that of spectrogram of nonogl oids. But the

spectral range covered by the nongloids was sane as that of

the cry of normal infants.

Lind et al (1970) studied cry sanples of 120 nornal
infants 0-8 nonth old and 30 infants wth Down's syndrone
(21-trisomy). The results have shown that when conpared to
the cries of 120 healthy infants of corresponding age, the
cries in Down's syndrome had a long duration with a mean of
4.5 seconds. In addition they were lower pitched with a nean
of maximum pitch being 510 Hz and a nean of m ni num pitch
being 210 Hz. The nelody was flat in 63% of the sanples,

bi phonation occurred in 23% and stuttering in 53%

CRY IN I NFANTS WTH MALNUTR TI ON

Mal nutrition is a problem in nost countries of the
devel opi ng worl d. According to Stock and Snythe (1967),
Marasmc malnutirition during the first year of |l|ife can
cause irreversible intellectual inpairnent and orsanic brain
dysfuncti on. Sound spectrographic investigation of the cries
of 5 infants aged 7 nonths to 2 years, wth severe

mal nutrition (One with Kevashiorkar and four w th Marasnus)
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were conpared with cries of 15 healthy children of
correspondi ng age. The mean maxi mum pitch was 1340 Hz, the
m ni mum pitch was 730 Hz; biphonation occurred in 6 and 6 of
the 26 cries had flat nelody type. In Kevashiorkar, the pitch
was 290 - 460 Hz was I|ike the normal control cases (Juntunam
et al 1972). Easter (1976) analyzed the cries of 13 well
nouri shed and 12 nmal nourished infants wusing real tine
anal yzer. He found that crying of mal nourished children had
a higher pitch, lower anplitude, |onger duration and | onger
|atency to the next signal, conpared to the nornmal subjects.
The cries of the 12 nmalnourished infants were 2.66 versus
1.52 secs, for the control. The pitch was 480 Hz as conpared
to 308 Hz. for the controls. Cries of children with severe
mal nutrition were studied by Juntunen, Sirvio, M chelsson
(1976). In infants suffering fromKwashi orkar, cry characters
did not differ from normal crying. The children often

recover with out sequal ae.

CRY I N I NFANTS WTH CENTRAL NERVOUS SYSTEM DI SEASES:

The cry of 14 infants with bacterial neningities was
studied by Mchelsson et al (1977). The cries of the 0-6
nmonth old infants were high pitched, wth a nean maximm
pitch of 750 Hz. in the 110 cries studies. The mean m ni mum
pitch was 560 Hz. Rising and falling/rising nelody type were
nore comon (24% than in control babies. Biphonation (49%
and glide (11% occurred nore frequently. Infant who at

|ater check up had neurol ogical sequelae had nore abnornal
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cry characteristics at time of the disease. The results
indicated that cry analysis had not only the diagnostic but
al so progrostic value when cries of infants with nmeningitis

wer e anal ysed.

In cries of infants wth herpes si mpl ex virus
encephalitis (Pettag et al 1977), noi se concentration
occurred at the frequency region of 2000 - 3000 Hz. The
cries were nmore high pitched. Bot h bi phonati on and glide

were nore common than in healthy controls. Study on crying
in children wth hydrocephalus was done by M chelsson,
Kaski nen, Aul anko, R nne (1984). The cry analysis of 248
cries - 4 cries from each of 62 infants were analyzed. The
mean maxi mum pitch wthout shift was 750 Hz. When the
infants with hydrocephal us was separted into group according
to etiology, the only significant difference in the maxi mum
pitch when conpared to controls was noted in infants who had
congenital hydrocephal present at birth. Fl at types of
mel ody were conmmon regardl ess of the cause of hydrocephal us.
Bi phonation occurred in 14% and glide in 8% in the whole

mat eri al .

The cry results show that the cry is different from
normal crying in diseases of CNS. Bi phonati on was nore
common in nenigitis than in encephalitis and hydrocephal us.
Noi se concentration occurred in herpes encephalities. All
groups of children had nmore higher pitched cries than

controls. In infants with congenital abnormalities such as
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Down's syndrome (Wasz - Mockert et al 1971), Hypothyroidism
(Mchelsson and Sirrio 1976) and congenital syphilis (Kittel
and Hecht 1979), the cry was |low pitched, Thus it is obvious
that the results of cry analysis are different in children

with acquired and cogenital disorder of the CNS.

Lind et al (1965) reported a cry analysis of infant with
brain danage from a birth injury. This found a fundanental
frequencies of 450 - 2070 Hz as conpared to 280 - 900 Hz of a
group of 20 controls. Mchelsson et al (1980) analyzed the
cry in hydrocephal us. Cries with a nean of maxi num pitch
over 1000 Hz were noted in these infants who in addition to
the hydrocephalus had cogenital malformation of the brain
(Rosentephal us/ Hydr anencephal us) . The cry changed to a nore
normal one after the shunt operation for hydrocephalus wth

the increased intral cranial pressure was normalized.

CRY IN | NFANTS W TH METABOLI C DI STURBANCES:

The cry of infants with neonatal hyper bilirubinenia was
reported by Wasz - Hockert et al (1971). The nost abnornal
cry signals were selected from 45 infants wth hyper
bi l'irubi nem a. Both the maximum and mninmum pitch of the
fundamental frequency were highly increased. The nean
maxi mum pitch was 2120 Hz and the nean mnimum pitch was 960
Hz. Bi phonation was common in 49% of the sanples as was
furcation, in 42% of the sanples. Furcation has been seen

nor e conmmonl y in pai n cries of i nfants with
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hyperbilirubinema than <cries of infants wth any other

di sease.

Wasz - Hockert et al (1971) noted also that the cries of
sone children with hyperbiliribinema changed already 1 to 2
days prior to increases serum bilirubin val ues. The cry
analysis nmethod can thus enable early treatnent with photo
therapy or blood exchange. A cry score rating systemthat
was devel oped by Vuovenkesti et al (1971) has been used in
analyzing cries of 45 infants with hyperbilirubi naem a. Each
of 13 cry feature were assigned a weightage of 0 to 4 and the
cry score was the sum of these ratings. A score of 0-3 was
defined as nornmal and a score of 4-5 was defined as abnormal.
A nmean score of 4.4 was found in the case of infants wth
hyperbilirubinaema as conpared to a score of 1.4 in the
group of <control infants. Only one of the 45 infants with

jaundi ce had a normal score.

A prelimnary report on the crying of newborn infants
with low blood sugar hypoglycema was reported by Koivisto
etal (1974). Hypoglycemc infants with clinical synptons are
nore likely to develop irreversible brain damage than those

W t hout synptons (Koi-visto, Blanco, sequeivois & Krause,

1972). Cy analysis can be one criterion in deciding which
treatnent is needed. In cries of 15 full terminfants with
hypogl ycema and clinical synptons, a nean maxi mum pitch of

1000 Hz was noted with highest part of the fundanental nost

often at the beginning of the cry signals. Vi brato and
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bi phonation were seen in about two thirds of the cries.

dides occurred in 3 of the 17 cries studied.

In analyzing cries of new born infants of diabetic
not hers, Troden and M chel sson (1979) found  higher
fundanental frequency with a nean maxi num pitch of 1180 Hz.
The maxi mum pitch was still higher when the child in the
neonatal period additionally had hypoglycaem a (1520 Hz) or
hyperbi |l i rubi naema (1790 Hz) or both sinultaneously (1980
Hz) . The mninmum pitch in cries of infants of diabetic
not hers was 510 Hz. When the babies additionally had both
hypogl ycaem a and hyperbilirubinaem a, the mninmum pitch was
690 Hz. Thus the study clearly showed that the cry analysis
was an indicator of the severity of the disease in the

neomat al peri od.

The results of cry anal ysi s of i nf ant with
hyperbi | i rubi nem a were confirned by M chel sson, Raes, Thoden
and Wasz-Hockert (1982). These results showed that the cry
characteristics changed whether child was born full term or

premat ure.

CRY I N I NFANTS W TH ENDOCRI NE DI STURBANCES:

The cry in congential hypothyrodism studied in 40 cries
of 4 infants by Mchelsson & Sirvio (1976) was of |ower pitch
than usually seen in cries of healthy infants. The nean
maxi mum pitch was 470 Hz. and nean m ni mum pitch was 270 Hz.

A low nunber of shifts, 7% and a frequent occurence of
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glottal roll, 57%at the end of the phonation accentuated the
audible inpression of a hoarse low pitched cry. The hoarse
cry seens to persist for several nonths. Cy characteristics
which occur in brain damaged infants such as the change in
the nmel ody type and occurence of biphonation and gliding did
not occur in hypothyrodism Thus the change seen in brain

danmage and seem to be nore of a peripheral nature.

Perkins & Barnett (1972) had stated that the hoarseness
in hypothyroidismwas due to odene in larynx. Vuoren Koski,
Anl t hol anen (1993) showed that even at the age of 8 nonths a
child who suffered from congenital hypothyroidism did not

had any cries with a pitch above 1000 Hz.

CRY IN TWN PAI RS:

A study on cries in twins has been carried out by
M chel sson and Rinne (1984). The results showed that cries
in twn pairs who were both healthy were nore equal than the
cries in twn pairs in which one was healthy and other was
di seased. The study also confirmed previous results that
cries are nore abnormal than the nore premature the infant

iS.

M chel sson, Raes & Thoden 1982, analyzed 90 cries from
two pairs of Sianese twns. The results showed that cries of
conjoined twins fell well into normal limts for crying. Qy
features of set of quadruplets was reported by Thoden, Raes,

M chel sson (1979).
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CRY IN I NFANTS WTH OTHER DI SCRDERS:

Blinick et al (1971) have stated that 15% of 330 nornmm
infants and 50% of 31 new born infants of narcotic addicted
not hers showed abnormal birth cries with a higher fundanenta

frequency. Cstwald et al (1968) determ ned the relationship

between clinical diagnostic ratings and 2 acoustical
characteristics pitch and duration. The subjects were 5
normal infants, 5 questionable inpaired and 5 abnormal.

Duration nmeasurenents showed no difference between the
gr oups. The infants rated as inpaired or abnormal had cries
with a high frequency of 300 - 2875 Hz. and the nornal group
had a frequency of 360-785 Hz. A study of the cry of a 4 day
old full term normal baby who at 6 nonths died suddenly
showed that the cry in sudden infant death syndronme (SIDS)
had a higher frequency or nore shifts and nore extrene

frequency (Stark and Mat hanson 1975).

Anderson - Huntigton & Rosenblith (1976) also mentioned
abnormal cries in their report of babies who died of SIDS.
Tardy - Renucci and Appaix (1978) found a nean fundanental
frequency of 512 Hz in a group of 68 infants with various
neonatal disorders such as hyperbilirubinamea nal formtion
syndronme, anoxia and respiratory di sorders. They have defined
the cry as a "reflex notor action under the dependence of the
nervous centres", further have stated that cry" can be
nodi fied by diverse physiologic and pathologic processes”.

The highest mean fundanental frequency in infants wth
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Jaundice was 630 Hz 1 in 3 who had been resusciated 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 new born infants wth maternal risk
factors when conpared to 468 Hz for 24 healthy newborn
infants without pre or perinatal conplication. In infants
with risk factors, cry was elicited after repeated snaps.
The latency of infants with risk factors was 21.1 secs, and
for those without risk factors it wad 1.4 secs. In infants
at risk cried less (13.7 secs.) than infants wth no risk

factors (21.3 secs.).

Thoden and M chel sson (1979) analyzed the cries of 3
infants with Krabbe's disease. They noted a nean of maxi num
pitch being 1120 Hz of a nmean of m ninmum pitch being 590 Hz.
in these infants. The control group had a nean maxi mum pitch
of 520 Hz and a nmean mninmum pitch of 370 Hz. There was
siginficantly less falling and rising-falling nmelody type in
Krabbe group and these <children also produced continous

signals less often.

M chel sson et al (1982) <collected during a two nonth
period, the cries of all infants admtted to the ward for new
born and snall babies. The sound spectrographic cry analysis
was performed blinding or without any know edge of the infant
with clinical diagnosis to confirm whether cry analysis is
useful in neonatal diagostics and especially if it can be

addi ti onal neans of estimating the conditions of CNS. The
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infants were divided into 4 groups and the results of the cry
anal ysi s, for the full term and the premature babies was
consi dered separately in each group. 4 groups were 1)
observation group 2) Oardio pulnmonary disorder group 3)
Met abol i ¢ disturbances 4) Neurological synptom group. The
control series consisted 110 pain cry signals from healthy,
full term 0-3 nonth old infant. The results reported are as

foll ows:

a) Fundanental frequency:

This study confirnms the previous investigations as the
pitch was higher in the cries of infant with netabolic and
neur ol ogi cal di sturbances. In other two groups, there was
nonsi gni ficant increase in fundanental frequency. In the
observation group, the highest pitch was found in an infant,
delivered with the help of vacuum extraction which m ght
possi bl e have affected CNS. In the cardio-pul nonary group
the highest fundanental frequency was noted in the infants
with cyanotic congeital heart disease which can affect the
brain structures through hypoxia. In the neurological synptom
group, the highest maxi num pitch was observed in a child with
bacterial nenigitis and lowest in those with mcrocephal us.
This indicates that acute cerebral danage give rise to nore
changes in cry characteristics than prenatally devel oped

ananol i es.
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b) Mel ody type:

There was an increase in the rising and falling/rising
types of melody in full term infant wth metabolic
di st urbances and neurol ogi cal synptons. This indicates that

change in nmelody is determ ned by CNS.
c) Biphonation and glide:

They are rare in cries of healthy infants, occurred nore
often in all abnormal groups in the full terminfants but the
significant level was greater in the cardio pulnonary,
nmetabolic and neurological groups than in the observation

gr oup.
d) Furcation:

Thi s has previously been connect ed W th
hyperbi | i rubi naema (Wasz - Hocket et al 1971). In this
study 2 of 5 cries with furcation were from infants wth

hyper bi I i rubi naem a
e) Noi se concentration:

This was observed in 5 of cries. One of these infants
had laryngo nmalaria and convulsions and one had virus
infection of unknown eti ol ogy.

f) Durational feature:

The latency of the cries in all the disorder group was

longer than the latency of the controls. No differences in

| atency could be seen between the disorder groups.
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The authors inply that their data provides a firm
foundation for critical objective evaluation of the cry in

sick infants especially when the cry is involved.

Venugopal (1995) studied the devel opnental changes in

infant cry. The study was carried out on normal infants 24
hrs from birth to 3 nonths. The acoustic paraneters of
i nf ant cry was studied using nultidinmensional voi ce
progr amre. The results indicated following:- |In average

fundanental frequency, Average pitch period, Highest Fo,
Standard deviation of FO Amplitude trenmor frequency,
Fundanmental frequency variation, Shimrer percent, snoothed
anplitude perturbation quotient, peak anplitude variation,
Degree of voice break, Degree of sub harnonic segnent, Nuner
of sub harnonics. Significant differences was observed but
it was not consistent over period. Significant difference
was not oserved for |owest Fo, Fo-Trenor frequency, Absolute
Jitter, Jitter percent, Rel ati ve average perturbation,
Shinmrer in dB, Noise to harnonic ratio, Soft phonation index,
Degree of voicel essness, Nunber of voice breaks, FO Trenor

intensity index, Anplitude trenor intensity index.

I ndira Nandgal (1984) analyzed cries of 13 normal full
term infants and 28 infants belonging to the high risk

category. The age range of infants was 10 hours to 3 nonths.

Pain cries were elicited form these infants by flicking
the sole of infant foot wth index finger till they cried

atl east for 30 seconds. The cries were recorded with cassette
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t aper ecor der. The recordings were nmade at a constant

intensity level with a mcrophone held approximtely 5 cns.

from infants nmouth to reduce back ground noise to a m ninum

Cry sanples were analyzed to obtain narrow band spectrogram

These spectrogram were anal yzed

Based on analysis and interpertation of spectrogram by

the various cry characteristic, following conclusion have

been dr awn.

1) Significant difference exists between cries of normal and

2)

3)

high risk infant in terms of sone cry characteristics |ike
fundanental frequency, duration of cry, double harnonic
break, glottal plosive which are found nore in cries of

nornmal i nfants.

No significant differences were observed in both the
normal and high risk infant in cry characteristic like

shift, biphonation, glide and tonal pit.

8 categories of high risk infant were studies and it was
found that each group exhibited cry characteristic which
were distinctive to infant with that particular history or

probl em
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CHAPTER - 111

METHCDALGGY

The aim of the study was to find out the differences
between the Nornal and the abnornal infant cries by

spectrographi c anal ysi s.

For this purpose the study was carried out in the

follow ng steps.

1) Adm nistration of the questionnaire regarding the
high risk factors to the parents of the infants.

2) Collection of data i.e., cry sanples of normal and
hi gh risk infants.

3) Spectrographic analysis of infant cries.

4) Follow up of the infants for hearing screening and to

collect information about devel opnmental m | estones.

a) Adm nistration of Questionnaire:

Questionnaire which consisted of questions regardi ng high
risk factors, along with other prenatal, perinatal, postnata
history like prematurity, asphyxia, Jaundice etc. which may
lead to CNS abnornmality were admnistered to the nothers of
the infants. The case history was drawn up wth all the

factors taken into considerations (Appendix A and B) .
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b) Data Col |l ection:

Infant cries of 28 normal full term infants and 34
infanta considered to be with high risk factors according to
the case history were recorded. I nfants were from neonat al
and sick baby wards of Cheluvanba Hopital and J.S.S.
Hospital, Mysore. The age range of infants were from 16

hours to 1 1/2 Months.

Goup |I:

In this group, pain cries of 28 normal infants from
neonatal wards were recorded. The age range was from 16
hours to 1 1/2 Months. These infants had no peri, pre (or),
post natal factors to place themin high risk category. They
were born after 37 weeks of gestation and their birth cries
and birth weights were considered normal. This was confirnmed
after enquiring the Mthers and from the information

coll ected from hospital records.

The pain was elicited by flicking sole of infant's foot

with index finger. VWhen infant didnot cry immediately, it
was stinulated again, till it cried for atleast nore than 30
seconds. However if infant cried for l|onger period and if

especially the infant had sone serious high risk facotrs,

recordi ng was stopped even before infant stopped crying.

The cries were recorded using V-sensor (AlWA) cassette
recorder and piezo dynami c m crophone. The cassette was

Mel track DRC-90°C. Taper ecorder was battery operated. Every
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day prior to recording voltage of batteries were checked.
Al'l recordings were made at constant intensity |evel. The
m crophone was held 5 Cms. from infants nouth to reduce

background noise to m ni num

G oup 2:

In this pain cries of 34 infants from sick ward who were
considered to be wth history of high risk factors were
recor ded. The procedure for eliciting pain cries and
recordings were sane as wused in Goup |I. | nf or mati on
obtained from the nothers and hospital records reveal ed that
these infants had one/nore of high risk factors. Table
(2.1.1) gives details of di fferent high risk groups

consi dered, Number of infants in each group, age range and

sex.
Table 2.1.1
Probl em No. of Sex Age Range
Subj ect
Preterm 8 6 Mal es 2-6 days
2 Fenmal es
Lowbirth 2 2 Mal es 2 - 11 days
wei ght
Met abol i c 2 1 Male 1 - 3 days
di sorders 1 Femal e
Jaundi ce 1 1 Fermal e 3 days
Asphyxi a 4 2 Ml es 4 - 9 days
2 Fenmal es
Hydr ocephal us 2 Mal e 5 - 7 days

e

Fenal e



PHOTOGRAPH SHOWING THE INSTRUMENTATION FOR
THE ANALYSIS OF INFANT CRY
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type spectrograns or the decided paraneters. The follow ng

14 paraneters was studied from spectrograns:

|. Durational features a) Total duration b) Second pause.

I'l. Fundanental Frequency Features a) Mxinmum Fo b) Maxi mum
Fo c¢) shift d) dide e) Noise concentration f) Biphon-
ation g) Furcation h) Double harnonic break i) Gotta

plosive j) Vibrato k) Tonal pit 1) Mel ody.

Fol | ow Up:

Follow up was done wth the purpose of collecting
informati on regarding developnental mlestones and hearing
sensitivity of infants. The follow up was carried out for
infants belonging to group 1 (normal infants) and Goup 2
(high risk infants) 3 nonths after data collection, so that

the infants were atleast 3 nonths of age by that tine.

Foll ow up was done in 2 ways:

1) The local residence of Mysore were visited at their hone.
Auditory screening of it infants was carried out with toys
emtting low frequency and high  frequency sound.
Informati on regarding developnental mlestones |ike head
hel d up and grasping etc were collected fromthe parents.

2) For non local residents of Msore follow up was done
t hr ough correspondence. A questionnaire including
guestions about devel opnental m | estones and hearing
ability of infants were sent to the parents. (Gven in

Appendi x - C) .
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Criteria for Normacy:

Norns established for |Indian population by Hegde (1971)
were used to find out if mlestones of infant were del ayed
or not: If infant responded well to screening, their hearing
ability was considered normal. Those who didnot respond
properly to screening were classified as abnormal and parents
were advised to bring the child for a follow up at AIISH to
confirm or rule out hearing | oss. Simlarly if infants had

del ayed devel opnental mlestones they were referred to AllSH
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GHAPTER - |V

RESULTS AND DI SOUSSI ON

The cries of 28 healthy infanta and 34 infants wth
various high risk factors |ike prematurity, asphyxi a,
jaundi ce, neningitis, convulsions, netabolic disorders, |ow
birth weight, respiratory disorders, and hydrocephal us was

st udi ed.

The spectrograns were analyzed to note the follow ng

par anet er s:

1. Duration of «cry, 2.Second pause, 3.Mninum frequency,
4. Maxi nrum frequency, 5. Shift, 6. d i de, 7. Noi 3e
concentrati on, 8. Bi phonati on, 9. Furcation, 10.Double
harnonic break, 11. Gottal plosive, 12. Vibrato, 13. Tonal
pit, 14.Mel ody.

GROUP 1:-CRY |IN HEALTHY | NFANTS

28 infants -16 males and 12 fenmales in the age range of
1 day - 45 days were considered under this group. The
results of the cry analysis of healthy infants are given in

the Table 4.1.1.

The results are presented considering the group as a
whol e, that is both males and females, since no differences
between the cries of nmales and fenmales are reported in the

literature.
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The nmeans of mnimm frequency and maxinmum frequency
noticed were 317.86 and 630 hz.Range was 160 -460 hz
respectively. I nfant no. 12 had the highest range of
fundanmental frequency 380 - 1460 hz. The nean duration of the
cry and second pause was 14.2857 and 0.401782 sec
respectively. Mst infants had a rising - falling nelody
pattern. Two infants had flat pattern while renaining one

had rising pattern. Double harnonic break (nean = 3.39) and

shift (nmean = 4.54) occured in alnost every cry. dottal
pl osive (nean = 2.93 ) and vibrato (mean = 2.34) occured
nost of ten. Among all the characteristics, bi phonati on
(mean = 1.79) and furcation (nean = 1.18) occured rarely.

These results are given in the table 4.1.2.

GROUP 2:- CRY IN INFANTS WTH VAR QUS H GH RI SK FACTORS

34 infants -23 males and 11 fenmales in the age range of
1 day - 45 days were studied under this group. Al the high
risk factor infants were considered as a group. The nean of
m ni num and maxi mum frequencies were 424.7059 Hz and 788. 2353
hz. The ranges were 320 -1560 hz and 180 -2200 hz
respectively. Infant no. 11 of this group had highest range
of fundanental frequency i.e 420 -1360 hz.The nean duration
and second pause of cry was observed 12.9853sec and .7296

sec respectively.

Noi se concentration (mean = 11.8824) was the one which
occured nost commonly in infants of thi3 group. Bi phonati on

(mean = 2.5882) and furcation (mean = 2.4706) occured nost
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comonly in these infanta.Results are given in the table

4.2.1 and 4. 2. 2.

Table 4.3 shows the conparision of normal and high risk
infants using Mann -Witney 'U test. Normal infants had nean
shift, vibrato,tonal pit,glottal plosive, double harnonic
break and duration of the cry to be greater than in the
infants with high risk/ infant with the history of high risk
factors, who had second pause,furcation, biphonation, noise
concentration, glide, fundanental frequency both mninum
frequency and maximum frequency to be greater than in
nor mal s. However statistically significant difference were
observed only for the followng paraneters.1.Second pause
2. Maxi um frequency 3. Shift 4.Noise concentration 5.

Furcation 6. Double harnonic break 7.Vibrator.

Thus the null hypothesis stating that no significant
difference wll be observed between the <cries of nornal
healthy infants when conpared to infants with the follow ng
characterstices 1.Total Duration of the cry. 2.Second pause
3. M nimum frequency 4.Maxi num frequency. 5.Shift . 6. Gide.
& Noi se concentration. 8. Biphonation. 9.Furcation. 10.Double
Harmoni ¢ Break.11. dottal plosives. 12.Tonal pit.13.Vibrato.
14. Mel ody, as neasured using spectrograns is partly rejected
and partly accepted. It is partly accepted because no
significant differences were observed in the cries of both
the normal and high risk infants in cry characterstics like

t ot al dur ati on, m ni num fundanent al frequency, gl i de,



80

bi phonation, glottal plosive and tonal pit. It is partly
rejected as significant differences between the criess of
nor mal and high risk infants were noticed in sone
cry characteristics Ilike maxinmum fundanental frequency,
second pause, shift, noise concentration, furcation, double

har noni ¢ break and vi br at o.

Graph 4.1(a) and (b) shows the conparison of normal and
high risk infants on the various selected paraneters. A
conparison of normal group (Goups 1) wth a group of
abnormal infants with various histories revealed that all the
cry characteristics may occur in both the groups. However,
simlar to t he revi ened literature sone of these
characteristics occur distinctively nore nunber of tines in
infants with a particular history (or) problem For exanple:
It has been reported that double harnonic break occurs nore
in healthy babies than in abnormal infants. (M chel son,
1971; Mchelson et al., 1975). Simlarily in the present
study, double harnonic break had occured nore nunber of tines
in the cries of healthy infants. Bi phonation, glide,
furcation and noise concentration were |ess than nunber of
occurrences in normal infant when conpared to high risk
infants (Mchelson, 1971; Thoden & Koivisto, 1980; Wasz-
Hockert et al., 1968). Simlar results obtained in the

present study.

The review of literature available to the present

investigator had shown no studies conparing normal wth
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abnormal infants (have different histories and problens |ike
prematurity, asphyxia, nenigitis and Jaundice etc) as a whole
group, except for the study done by Indira Nandyal (1982).
However several studies conparing group of abnormal infants
having a particular history (or) problem with infants were
found in the literature (Mchelson, 1971; M chel son, et al.,
1974, M chelson and Sirvio, 1976; M chel son, Tuppurainen and
Aul a, 1980; Mchelson et al., 1982).

In the present study not nuch difference has been
observed in few paraneters. This may be because of the fact
that sone of the characteristics been presented, nore nunber
of tinmes by some infants in the normal group. For exanple:
Subject 13 and subject 28 has showed glide 11 and 12 tines
respectively while all other infants showed the sane
characteristics less than 7 times. Subject 7 had shown the
bi phonation 9 tinmes, while all other infants showed the sane
characteristic less than 4 times subject 8, 9, 12 has shown
the noise concentration 21, 22 and 14 tinmes respectively
while none of the rest infants showed the characteristic to
occur beyond 8 tines. Wiile simlar conditions have been
noticed with high risk infants. Subject 2 and 26 had showed
shift 9 times and 10 tinmes respectively, while all other
infants had showed the same characteristics less than 7
times. Subject 29 and 35 had showed doubl e harnonic break 11
and 7 tines respectively in its occurence while none of the
othere infants showed the characteristic to occur beyond 4

times. Therefore when a conparison is made considering all



82

the abnormal infants with various histories as a group, it
may not be possible to find distinguishing characteristics of
problem group with specific history/problem Hence it was
decided to conpare each abnornal group wth specific

hi st ory/ probl em considered as a separate group, with

nor mal s.



TABLE 4.1.1: NCRVAL | NFANTS - NO 28

Par anet er s 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
Tot al 2 31 15 12 23 17 16 33 39 95 10 14 2 14 14 7
duration

Second 3438 45 631 3312 6937 4562 2312 3562 5 25 425 575 493 2250 6187 463
pause

M ni mum Fo 320 320 260 300 460 320 280 380 220 220 440 380 360 280 380 160
Maxi mum Fo 540 560 600 520 600 520 480 560 500 460 660 1460 620 580 640 500
Shi ft 3 6 3 2 4 5 - 2 - 4 2 6 3 4 12 2
dide 2 1 1 - 1 2 1 5 - 3 4 6 11 6 5 3
Noi se _ - 12 3 3 7 4 4 21 22 8 6 4 - 4 12 5
concentration

Bi phonat i on - - 1 - 1 2 9 3 4 2 1 7 - 4 1 -
Fur cati on - 1 - 2 5 4 2 1 2 1 2 - - 1 -
Doubl e Har noni ¢ 3 13 1 3 3 4 5 1 4 3 4 6 3 - 1
Br eak

Qottal Plosive 2 2 2 2 4 4 2 9 3 4 3 8 4 4 9
Tonal pit 2 - 3 - 2 2 1 - 2 3 1 - 2 4 3
Vi brat o 3 3 - 4 3 4 3 9 13 3 2 2 9 3 2
Mel ody R R RR FR R R F FF FFRARATR F R R R K

RF - Rsing falling
pattern



17 18 19 20 21 22 23 24 25 26 27 28

12 8.5 15 19 15 5 7 7 7.5 5 4.5 13
4125 1312 5313 3125 425 375 3187 .3756 .4 4062 .3187 . 5562
240 360 200 260 340 360 280 460 340 280 280 420

500 540 620 520 560 640 600 640 840 740 640 940

6 6 1 12 6 8 4 2 5 3 4 12
4 4 7 2 2 3 5 1 2 3 2 13
5 6 4 4 8 4 5 6 6 3 1 5
3 1 1 1 - 2 1 2 2 1 1
- - 1 1 1 - - 1 3 - 1 4
4 4 2 2 7 1 5 2 3 2 2 -

- 1 3 2 8 1 1 2 3 - - 1
3 3 4 7 3 1 1 4 2 2 1 1
6 2 - 3 2 2 1 2 2 4 - 1

R R R R R R R FLAT RISING RF R R




TABLE 4.1.2: NORMAL | NFANTS - NUMBER - 28

Par anet er s Range M ni mum Maxi mum Mean St andar d
Devi ati on

Total duraiton 34.5 4.5 39 14. 2857 8. 5564
Second Pause . 5875 . 1062 . 6937 . 401782 . 143708
M ni nu Fo 300 160 460 317. 86 77.43
Maxi mum Fo 1000 460 1460 630 194. 10
Shi ft 12 0 12 4.54 3. 26
Slide 12 0 12 3. 63 2.90
Noi se _ 22 0 22 6. 46 5.36
concentration
Bi phonat i on 9 0 9 1.79 2.11
Furcation 5 0 5 1.18 1.33
Doubl e Har nmoni ¢ 13 0 13 3.39 2.60
Br eak
Gottal Plosive 9 0 9 2.93 2.29
Tonal pit 13 0 13 3.25 2. 89

Vi brat o 8 0 8 2.34 1.88




TABLE 4.2.1: H GH R SK | NFANTS No. 34

Par anet er s 1 2 3 4 5 6 7 8 9 10 11 12 13
Tot al 12 41 9 5 45 3 4.5 11.5 10 10 9.5 55 7
duration
Second 3.631 0.3125 2.369 0.35 0.25 0.9062 0.2188 0.43 1.61 0.4250 0.5181 0.1812 0. 1875
parts
M ni num Fo 340 280 260 360 400 220 320 680 320 300 840 440 680
Maxi mum Fo 860 560 600 700 720 620 540 920 660 660 1340 980 1400
Shi f t 2 9 - 1 2 2 1 2 2 2 - - 1
dide - 2 1 2 2 2 1 5 - 8 9 2 2 86
Noi se 10 13 8 7 5 6 6 11 6 6 14 6 6
concentration
Bi phonati on 2 2 1 - - - 2 4 3 2 1 3 4
Fur cati on 1 2 0 2 1 - 3 3 - 5 - 2 2
Doubl e Har noni ¢ 3 3 0 1 1 2 4 1 1 4 7 - 4
Br eak
Qottal Plosive - 3 3 1 7 1 - 5 2 6 - 2 -
Tonal pit - 4 - 1 1 1 1 1 3 5 1 3 1
Vi brato 1 2 1 1 2 3 - 3 1 1 1 - 2
Mel ody Flat Rsing Rsing Flat Flat R Flat/ R R RF RF/ — Fl at
RF Fal ling

RF - Rsing foll ow ng



14 15 16 17 18 19 20 21 22 23 24 25

26

27 28

29

30

37 8.5 11 9.5 15 12 12 13 10 15 16 13
0. 3187 0.3250 0.850 0.5062 0.9 0.6062 0.7813 0.8125 0.8750 0.7931 0.3375 0.3
340 380 460 480 220 360 180 260 220 380 1560 280

520 780 960 1000 720 680 320 400 380 580 2200 560

3 3 3 2 7 9 4 - - 3 3 1
6 7 6 4 9 14 - 4 1 10 7 1
37 11 7 7 21 13 10 14 14 11 13 13
7 - - 2 6 1 3 4 - 3 9 2
4 1 2 - 5 1 4 4 - 2 3 -
3 - 3 - 3 4 3 3 1 1 1 -
4 - 1 2 3 4 3 2 2 5 1 4
2 6 5 1 7 7 4 1 - 5 1 -
1 1 1 2 1 3 3 - 5 - -

RF Rsing HF Rsing R R R R- RF RF/ Flat Fall
Fal ling

21

0.3602 0.512 1.40 0.3250 0.4125

320
560
10
28
31
10
17

29 11

10.5

320 420 820

680 1360 1220

6 3
5 4
3 17
2 3
3 1
11 2
2 3
2 1
4 1
F F

2

6

13

14

420
680
7
26

15

87



31 32 33 34
10 18 12.5 11
0.3502 0.3875 0.600 0.7813
360 320 280 620
560 600 460 1000
2 7 4 3
10 17 8 9
16 11 16 7
3 1 3 1
2 2 4 1
2 2 3 -

2 - 3 2
3 4 3 1
2 - - 2
RF RF RF RF

88



TABLE 4.2.2: HI GH RI SK | NFANTS - NUMBER 34

Par anmet er s Range M ni mum Maxi mum Mean St andar d
Devi ation

Total duraiton 38 3 41 12. 9853 8. 2467
Second Pause 3.45 0.18 3.63 0. 7296 0. 6887
M nimu Fo 1380 180 1560 424. 7059 257.9198
Maxi mum Fo 1880 0 2200 788. 2353 372. 2533
Shi f t 10 0 10 3.1176 2.7498
Gide 28 3 28 6.4118 6. 7292
Noi se 34 0 37 11. 8824 7.0141
concentration
Bi phonat i on 10 0 10 2.5882 2. 4010
Furcation 17 0 17 2.4706 3.0074
Doubl e Har noni ¢ 11 0 11 2. 2647 2. 2062
Br eak
Gottal Plosive 7 0 7 2.2353 1.8101
Tonal pit 9 0 9 2.7353 2.5022

Vi brato 5 0 5 1. 4706 1.3977




TABLE - 4.3: TEST STATI STI CS BETWEEN NCRVAL AND H GH R SK | NFANT

D s MN MX

S G NC BP F DM & v TP

Mann-Wiitney 422.5 335.5 357.5 317.5
'U test

Asynpotic 0.449 0.047 0.093 0.025
S gnificance (M) (S (NS) (S
(2 tail ed)

332 354.00 195 351.5 310 322 395.00 254 447

0.039 0.125 0.000 0.073 0.016 0.027 0.244 0.001 0.676
(89 (N (5 (N (N (5 (N (5 (N

* S - Significant difference
* NS- No Significant difference
Key Not e: -

TD:. - Total Duration

SP: - Second Pause

M N - M ninum Fo

MAX: - NMaxi num Fo

S - Shift

G- Qide

NC. - Noi se concentration
BP: - Bi phonati on

F. - Furcation

DMVB: - Doubl e Har noni ¢ Break
GP:- Qottal Pl osive

TP: - Tonal Pit

V.- Vibrato

90
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CRY CHARACTERSTICS IN H GH R SK | NFANTS

CRY IN | NFANTS WTH ASPHYXI A

4 infants - 2 Males and 2 fermales in the age range of
were found belonging to this group. The mean of Maxi num

frequency was 725Hz.

This was considerably higher than normals. The nean of
m ni rum frequency was occursnce of mean. 350173. Second
pause (0.646700 sec), Tonal Pit (4.25), dide (Mean = 10),
Bi phonati on (Mean = 3) , Furcation (2.25), Noise concentration
(Mean 12.5) was considerably higher than respective nean of
normal i nfants. Vibrato (Mean - 2), and glottal polsive
(Mean 2.5) were found to be Ilittle less than in nornals,
whi |l e doubl e harnmonic break (Mean 1.5), and shift (mean 4.75)
were found to be alnbst equal to that occured in nornal
i nfants. 3 infants showed rising-falling patterns while one
showed rising patterns while other showed falling pattern/

rising - falling pattern.

M chel sson (1971) in a study of 250 asphyxiated infants
found that biphonation occured nore than 20% glide in nore
than 10% of sanple with asphyxia. Rising and falling/rising
types of nelody occured in nmore than 30% The findi ngs of
this study was some what simlar to the present results study
done by Indira Nandyal (1982) on 6 infants w th asphyxia
showed sonme findings which was simlar to the present

findi ngs. According to her findings, nelody was rising-
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falling in these infants. Noise concentration occurred nore
often in these infants than those in the normal category.
Characteristics like vibrato, double harnonic break, shift,
and glottal plosives found to be alnost near (or) equal to

the nornmal category. Refer to 4.4.1.
CRY I N I NFANTS W TH LON Bl RTH WEI GHT:

2 infants (1 Mile and 1 fenmale) age ranged from
constituted this group. Both nean of naxi mum and m ni num
frequencies were lower than in normals. The duration of cry
was significantly high when conpared to all other high risk
babi es and normals (Mean 23.5 sec). Biphonation (nean 3.50),
Furcation (Mean 2. 00), Noise concentration (Mean 25.30), and
second pause (nean 0.596850 sec), were higher in their
occurence when conpared to normals. Qcurrence of glides
(nrean 3.5 sec), glottal plosive (Mean 3.00), was equal to
normal s. However occurence of tonal pit, vibrato and doubl e
harnonic break was less than in normal infants. e infant
had rising-falling pattern while for the remaining one a
definite pattern could not be achieved. Refer to table

4.4. 1.

M chel sson (1971) analyzed grils of 10 synptomless birth
wei ght infants. The domnating nelody type in all premature
infant was falling (or) rising-falling, simlar to the
controls. Biphonation and gliding occurred in the cries of
the prematured 5-14%of the tinme. No significant differences

were seen in the occurence of double harnmonic break (or) in
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the second pause. Laster and Zerkind (1978) found that
underwei ght infants had higher, maximum fundanmental frequency

(740 hz) than babies with normal birth wei ght.

Cy in infant with convul sions:

The infant with history of convul sions had a m ni nrum and
maxi nrum frequency of 340 and 860 hz. Cvy duration was 12
secs. Second pause was 3.631 sec which was significantly
hi gher than normals who had nean of 7296 sec. Ml ody was of
flat pattern. dottal plossive, tonal pit and glide did not
occur at all. Biphonation, furcation, double harnonic and

vibrato were rare. Tabl e 4. 4. 2.

Sutdy done by Indira Nandyal (1982) on an infant with
hi story of convul sions showed the follow ng features-Mxinmm
fundanmental frequency of 1250Hz and a m ni num fundanent al
frequency of 500hz. cry duration was 43 seconds. dottal
pl osive did not occur at all. Tonal pit and bi phonation were
rare. This finding on glottal plosive, tonal pit, biphonation

were simlar to the present study.

Cy in infant with TEP fistul a:

One infant, fenmale aged 9 days with TEP fistula was
studied. Cry duration was 14.257 seconds simlar to nornals.
The mninmum and nmaxi mum frequencies were around 260 and
400Hz. Shifts were absent, unlike normals. Ml ody was rising
falling pattern. The occurrence of Biphonation, furcation,

and glide were higher than normals. Gccurrence of vibrato,
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tonal pit, and glottal plosives were simlar to nornals.

Refer to table 4.4.2.

Revi ew  of literature available to the present
investigator has shown no studies on infants wth TEP

fistul a.

Cy in infant with neonatal jaundice:

In this group only one infant (female) was studied.
The m ni mum and maxi mum fundanmental frequencies were 180 and
320Hz which were conparatively lower than in normals. Second
pause (.7813 sec) was significantly higher than in normals.
Cy duration (12 secs), occurence of shift (4), tonal pit
(2), vibrato (2), glottal plosive (3), double harnonic break
(3) were simlar to the findings of normal babies. Gccurrence
of noise concentration (14), biphonation (4), furcation (4)
were higher when conpared to the normal babies. dide was
absent and nelody pattern was rising-tailing type. Tabl e

4.4. 2.

Study done by Indra Nandyal (1982) on 4 infants (3 Mles
and 1 female) in the age range of 2 days to 2 1/2 nonths
revealed the follow ng: the nean of maxi num fundament al
frequency was 2083.32 Hz, the nean cry duration was 37
seconds. Mel ody was rising-falling. Furcation (mean 5. 6)
and shift (Mean 7.6) occured nore often in these infants than
in normal category. There was no difference observed in the

occurrence of doubl e harnonic breaks between these groups and
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normal category. Noise conentrations occurred nore often in
this group when conpared to healthy infants. G ide, tonal
pit, biphonation, vibrato and glottal plosives were observed

to be less in this group.

The cry of intants with neonatal jaundice has al so been
reported by Wasz - Hockert et al., (1971). Both maxi num and
m ni nrum fundanmental frequencies were high. Biphonation was
common in 49% of the sanples and furcation was, in 42% of the

sanpl es.

Gy in infant with hearing |oss:

One Infant - aged 45 days, male with suspected hearing
loss was studied. The baby did not respond to very |oud
sounds and needed excessive pain stinmulation. Second pause
(1.4 sec) and maxi mum fundamental frequency was significantly
hi gher than in normals. Noise concentration was significanlty
hi gher. Occurence of shift (3), glide (4), furcation (1),
doubl e harnonic break (2), tonal pit (1) and vibrato (1) were
less than in nornmals. Si phonation was higher than in
nor mal s. Noi se concentration was significantly greater when

conpared to nornmal s.

Mel ody was rising-falling type. (table. 4.4.2.)

Cy in infants with hydrocephal us:

In this group, 2 infants- 1 mle and 1 Fenale were

avai |l abl e. The nmean of maxi num and ni ni num fundanent al
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frequencies were 870hz and 420hz respectively which were
hi gher than in nornmals. Occurrence of noise concentration
(Mean=50), Tonal pit (Mean=5.5), glide (Mean= 0.50) were
higher in this group than in normals. Bi phonation was nil
and occurrence of double harnonic break (Mean=1.50),
furcation (Mean=1.50) was alnost equal to normal infants,
vibrato (Mean=l), total duration (Mean=9.75 seconds), shift
(Mean=3), glottal plosive (Mean=l) were conparatively |ess
than in normal infants. Melody was rising in one infant
while other infant had rising-falling pattern (Table.4.4.3).
Study done by M chel sson, Kashisen, Aulanko and Ri nne (1984)
on 284 cries of children wth hydrocephalus found that
maxi mum pitch was significantly higher when conpared to
controls. Simlar results have been found in this study as

reported by Mchel sson et.al (1980).

Gy in infants with Respiratory distress:

In this group 2 male infants were studied. The Mean of
M ni rum and Maxi mum frequencies were was 520 and 810 hz
whi ch were conparatively higher than in normal infants. The
occurrence of vibrato (Mean=2), tonal pit (Mean=1.0) and
double harnmonic break (Mean=l) were less than in nornmals.
These infants had total duration (8.25 rec) and second pause
(0.3900 rec) which was nuch less than in normal infants.
Mel ody was flat type in one infant and rising-falling pattern

in another one infant. The occurrence of biphonation
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(Mean=2), furcation (Mean=2.5 rec), and noi se concentration

(Mean=9) were observed to be higher than in nornmals.

However, occurrence of glottal, plosives (Man=2.13)
shift (Mean=3. 62) t onal pi t (Mean=2. 13) and vibrato
(mean=1.50) were less than in the normal controls. The
nmelody in general was rising-falling type, however 3 infants

had flat pattern (Table. 4.4.3).

Qy in infants with Metabolic disorders:-

In this group, 2 infants - 1 male and 1 fenale were
studied. Second pause (Mean = 0.41250 sec) and vibrato
(Man - 3 secs) were alnost equal to normal infants. The

nean of mni num and maxi mum frequenci es was 580 Hz and 950 Hz
whi ch were significantly higher than in nornal infants. The
occurrence of furcation (Mean=8.5), biphonation (Man = 5.5),
glide (Man = 18.5), Noise concentration (Mean = 22.5), shift
(Man = 5), and tonal pit (Man = 3) were significantly
higher than in normals, glottal plosive (Man = 1.0), was
less in, its occurrence when conpared to normals. Total
duration (Mean = 15.25 sec) was observed to be higher than in

normals. Melody was rising-falling pattern (Table 4.4.3).

The cry of infants wth hyperbilirubinemc has been
reported by Wasz - Hockert et.al (1971). Both maxi num and
m ni num fundanental frequencies were high. Bi phonti on was
coommon in 49% of the sanples, furcation in 42% of the

sanples. Investigators have reported that furcation had been
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seen nmore comonly in infants with hyper bilirubinema than
in cries with of infants with any other disorders. A
prelimnary report on the cry of infants with |ow bl ood sugar
(hypogl ycaem a) was reported by Koi vixto et.al (1974). In
cries of 15 full term infants wth hypoglycema clinica

synptons, a nean maxi num frequency of 1000hz was noticed wth
a highest part of fundanental nost often at the begi nning of
the cry signals. Vi brato and bi phonati on were seen in about

two thirds of the cries.

Cy in preterm babi es:

8 infants - 6 nmales and 2 females age ranged were
observed in this group. The nmean of m ni mrum and nmaxi num of
fundanental frequencies were 557.5hz and 977.5hz respectively

whi ch were considerably greater than in the normal controls.

The occurrence of biphonation (Mean=3.00), Furcation
(Mean=3), glide (Mean=5), and noise concentration (Man=9.5)
were observed to be significantly higher than in normals.
Also double harnonic break (Mean=3.62), second pause
(Mean=450713) total duration of cry (Mean=16.125sec) were
conparatively higher than in normals. However the occurence
of glottel plosive (nmean 2.13), shift (mean 3.62), tonal
pit (nmean 2.13) and vibrato (mean 1.50) were less than their

normal controls.

The nelody in general was rising-falling type, however

three infants had flat pattern (Table 4.4.3).
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Cry in other high-risk categories:

One infant with asphyxia and fits (No:34) and one infant
Wi th nmeconium aspiration with asphyxia (No:12) and one infant
who had asphyxia with septicema with nenigitis (N :25) were
st udi ed. Infant with asphyxia, and fits had both m ni nrum and
maxi mum frequencies greater than in normals (620 and 1000
Hz). Duration of cry (1120 cs), tonal pit (nean=l), vibrato
(nmean=2), glottal pl osive (nmean=2), were less than in
nor mal s. Doubl e harmonic break was absent. Noi se
concentration (nmean=l), glide (mean=7), second pause (.7813
sec), were higher than in normals and bi phonation (mean=l),
furcation were (mean=l), alnbst equal to normals. Melody was
falling pattern. The infant, wth meconiumaspiration with
asphyxia had total duration of <cry of 55 secs. Shift,
doubl e harnmonic break and vibrato were absent. A definate
nmel ody pattern was not observed (Table 4.4.4.). One infant
with asphyxia wth septicema wth neningitis had both
m ni mrum and nmaxi mum frequency l|less than normals (260 and 400
Hz) respectively. Shift was absent, noise concentration was

very high (Table 4.4.4). Melody was of falling pattern.

5 nore infants with conbination of different high risk
factors were al so studied. Results are indicated in table

4.4.5.
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TABLE - 4.4.1: Cry characteristics

H STCRY SUBJECTS Qvy characterstics

No D P Mn Mx S GN BP FDOB @& TP V M
17 9.5 0.5602 48 1000 2 4 7 2 - - 2 1 2 Rsing
Asphyxi a 18 13 0.9 220 720 7 9 22 6 5 3 3 7 1 Rising
falling
23 13 0.7931 380 580 310 11 3 2 1 5 5 5 Rising
falling
32 18 0.3875320 600 717 11 1 2 2 - 4 - R sing
falling
Low Birth 14 37 0.3187 340 520 3 6 37 7 4 3 4 2 1 Rsing
Vi ght falling
22 10 0.8750220 380 —1 14 — — 1 2 — — Rising
falling

TABLE - 4.4.2: Cvy characteristics
H STCRY SUBJECTS Oy characterstics

No 1D $ Mn Max S GN BP FOB @O TP V M

Fits 1 12 3631 34 80 2 - 10 2 1 3 - - 1 Fat
TEP Fistul a 21 13 0.8125 260 450 - 4 14 4 4 3 2 1 3 Rising
falling
Jaundi ce 20 12 0.7813 180 320 4 - 10 3 4 3 3 4 2 Rising
falling
pattern
Hearing | oss 28 11 14 420 1360 3 4 17 3 1 2 3 1 1 Rsing
falling

pattern



Table 4.4.3: Cry characterstics

H story Nb T S MN MX S G N BP F DB & TP V Mlody
Hydr ocephal us 15 85 325 380 460 3 7 11 o0 6 1 Rsing
16 11.0 850 780 960 3 7 0 2 5 1 Rsing
Fal ling
Respi ratory 5 4.5 .25 400 720 2 5 0 1 2 FHat
di stress
8 11.5 -43 680 920 2 5 11 4 3 1 1 3 R sing
falling
Met abol i ¢ 11 9.5 5187 840 1340 0O 9 14 1 0 1 1 1 R sing
di sorders Pal ling
26 21 3062 320 560 10 28 31 10 17 2 5 R sing
Fal l i ng
Preterm 2 41 -3125 280 560 9 13 2 2 - 1 Rsing
falling
6 3 9062 220 620 2 2 6 0 0 1 3 Rsing
Fal ling
13 7 1875 680 1400 1 2 6 4 2 4 1 2 Flat
24 16 3375 1560 2200 3 7 13 9 3 1 1 - Hat
27 29 512 320 680 6 5 3 2 3 11 4 R sing
Fal ling
29 0.5 3250 820 1220 2 6 13 2 5 1 -
33 12.5 6 280 460 4 8 16 3 4 3 — Rsing

Fal i ng




Tabl e 4. 4. 4:

Cry characteristics
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H story

No TD SP

M N

MAX

S

G

DHB GP TP V  Melody

Asphyxi a
with fits

Meconi um
aspiration
with
asphyxi a

Asphyxi a
with
septicem a
with
menigilis

34 11 7813

12 55 4812

25 13 3

620

440

280

100

980

560

13

Table 4.4.5:

Cry charateristics

Hi story

No O  SP

M N

MAX

DHB GP TP V  Mel ody

Septicem a
with
Jaundi ce
with preterm

Acrocyanosi s

Respiratoty
distress with
septiceni a

Preterm with
net obol i c
di sor der

Preterm with
respiratory
di stress

9 10 1.61

30 14 4125

19 12 6062

3

©

2. 369

7 4.5 -2188

320

420

360

260

320

660

680

680

600

540

9

27 15

14 13

Fl at
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CRY CGHARACTERI STI CS CF THE GROUP WERE AS FOLLONE:

Fundanent al frequency:

The fundanmental frequency was higher in high risk infants
than infanta in the normal category in this study. Anmong the
high risk category, premature infants had been found to have
hi gher m ni rum fundanental frequency (infant no:24 -1560Hz,
infant no:29 - 820 HE). Infant No:11 having netabolic
di sorder also had highest mninum frequency (840 Hz). The
maxi mum fundanental frequency was highest in premature and
asphyxi ated infants. Premature infant No. 29, 24, 13 had
maxi mum frequency of 1220 Hz, 2200 Hz and 1400 Hz
respectively, asphyxiated infants No. 17, 34 had nmaxi num
frequency of 1000 Hz, and 1000 Hz respectively. Al so infant
No. 28 suspected to have hearing |oss had nmaxi mum frequency
of 1300 Hz and infant No.11 having netabolic disorder had
maxi mum Fo of 1340 Hz. This infant also had hi gh m ni num Fo.
Variability in mninmm and maxi num Fo had al so been observed
in the present study. Infant no.20 with neonatal jaundice
had | owest mnimm frequency (180 Hz) and infant 28 with
history of low birth weight had |owest nmaxi num frequency (380

Hz) .

Study done by Indra Nandyal (1982) had reported findings
simlar to the present study. The fundanental frequency was
higher in the high risk infants than in infants of the normnal
cat egory. Among high risk categories, premature infants had

been found to have highest maxi mum funanental frequency.
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Greater variations were reported in the cries of high risk
i nfants. Studi es done by Mchelson (1971) on 75 premature
infant had reveal ed that fundanmental frequency was highest in
smal | est prematures. Ternold et al., (1974) found that nedi an
fundanental frequency of first phonation in 5 premature was
752 Hz and 518 Hz for full term infants. The findings that
premature had hi ghest maxi nrum fundanental frequency was found

al so in the present study.

Wasz Mockert et al., (1971) reported a nean of maxi mum
fundanental of 2120 Hz in 45 infants with jaundice. M chel son
(1997) conpared cries of 205 infants with asphyxia wth 50
healthy full term and 75 premature infants. The pitch of
infants wth asphyxia was reported to the higher than that of
normal infants. The premature infants with cerebral asphyxia
had hi ghest maxi num fundanmental frequency. The results of
the present study agree with these results. The infants with
high risk factors of netabolic disordres prematurity and

asphyxia had in general higher fundanental frequency.

Thus the present study, confirns the results of earlier
investigations that the fundanental frequency is a good
i ndi cator of abnormality, especially in condition which could

lead to CnS abnornmality.

Duration of cry:

The total duration of cry was found to be high in high

risk category infants than in normal infants. However the



106

difference was not significant. Among all the high risk
categories premature infants (No.2 - 41 secs; No.27-29 secs)
and low birth weight infants (No.14-37 secs) had |ongest
duration of cry. A lot of variability with regard to the
duration of cry had al so been noti ced. Infant No.6 (preterm
had 3 secs; infant No.4 had 5 secs (netabolic disorders),
i nfant No. showed 5.5 secs (respiratory distress); infant
No. 12 cried for 5.5 secs (asphyxia with meconi mum aspiration)
and infant No.7 cried for 4.5 secs (pretermwth respiratory
distress) and had |owest duration anong all high risk

i nf ant s.

The present study supports the findings of Indra Nandyal
(1982). The study had revealed that cry duration in abnornal
group was greater than in normal infants. The cry duration
was longest in infants with asphyxia. These findings were
not found in the present study. All the earlier studies in
literature had considered the mean duration of first
phonation, whereas in the present study the duration of whole
cry has been consi dered. Duration, helps in differentiation

of infants of different high risk groups.

Second pause:

The second pause was found to be higher in high risk
infants than in normal infants. Mean of 0.7296 secs in
normals and nmean of 0.401782 sec in high risk infants had
been found. Variability had also been noticed in high risk

infants. 4 infants were found to have conparatively |onger
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second pause than in normals and other high risk infants.
(Refer to table 4.5.1). In general it was found that infant
No. 1 who had history of fits had |ongest second pause (3.631
sec). Also infants with history of pretermw th septicema

had | ongest second pause (infant 3 & 9).

Infant no.12 (asphyxia wth neconium aspiration) and
infant no.13 (pretrem had shortest second pause anong al
high risk infants (0.1812 and 0.1875 sec respectively),
followed by infant no.7 (preterm with respiratory distress)
and infant no.5 (respiratory distress)who had second pause of
0.2188 and 0.25 secs respectively. No literature was
available to present investigators regarding the second pause

in normals and high risk infants. Refer to table 4.5.1.
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Table - 4.5.1

Second Pause

No. Hi story Second Pause in sec.
1 Fits 3.631 sec
3 Preterm with
septicem a 2.369 sec
9 Septicema wth 1.61 sec
preterm with
Jaundi ce
28 (?) hearing |loss 1.40 sec
12 Asphyxia wth 0. 1812 sec
meconi um

aspiration

13 Preterm 0. 1875 sec
7 Preterm with 0. 2188 sec
respiratory
di stress
5 Respiratory 0.25 sec
di stress
Shift:

Shift was found to occur nore frequently in normals
(mean 4.54 SD 3.26) than in high risk infants (nmean 3.11764,
SD=2.7498). Shift was absent in 5 infants. (Refer to table
4.5.2). It was found that mnmetabolic disorders and preterm
infants had highest occurence of shifts in high risk
infafnts. However high variability had been observed.

The result support the findings of Mchelson (1971) who
reported nore nunber of shifts in premature infants than in

nornmal infants.
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Table - 4.5.2

Cccurrence of shift

No. Hi story Cccurrence of shift
3 Pretermwith septicem a -
11 Septicema wth -
Hypogl ycem a
12 Asphyxi a with meconi um -
aspiration
21 TEP fistula -
22 Low Birth Wi ght -
2 Preterm 9
19 Br onchopneunoni a, 9
septicema wth
preterm
26 Septicem a 10
30 Acr ocyanosi s 7
32 Asphyxi a 7
4) dide:

G@ide occured nore often in preterm asphyxiated and
infants with netabolic disorders, (refer to table 4.5.3).
G ide was an abnormal characteristic and had been found to
occur more often in all high risk categories. It was
reported rarely in cry of healthy infants. dide was absent
ininfant no.1 (fits), no.9 (septicem a, jaundice, preterm,
no.20 (neonatal jaundice). This finding supports the
findings of Indra Nandyal (1982) on glide occuring less in

infants with jaundice than in normal groups. It also
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supports the findings of Mchelson (1971). M chel son (1971)
found that glide occured in 14% of cries of 205 infants with
asphyxi a. G@iding in 11% of «cries of 14 infants wth

meningitis as reported by Mchelson et al., (1977).

Table NO. 4.5.3. GLIDE

No. Hi story Occurence of glide
19 Met abol i ¢ di sorders 14
23 Asphyxi a 10
26 Asphyxia with septem a 28
with nenigitis

30 Acrocynosi s 26
31 Meconi um aspiration 10
32 Asphyxi a 17
34 asphyxia with convul sions 9
33 Preterm 8
10 Preterm 8
18 Asphyxi a 9
15 Hydr ocephal us 7
24 Preterm 7
11 Met abol i ¢ di sorder 9

Noi se concentration:

Noi se concentration occurred nore often in infants
belonging to the high risk category (nmean 11.8) than in
nor mal infants (nmean 6. 46). Hgh risk category Ilike

premat ur e, metabolic disorders and asphyxia had maxinmm
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occurrence of noise concentration.

This finding were simlar to report

(1982). There were ot her

of occurence of noise concentration

with prematurity, asphyxia, jaundice

(Refer to table

4.5. 4).

made by |Indra Nandyal

in nornmals and

and nmeningitis,

reports avail able on the frequency

i nfants

to the

present i nvestigator.

Table No. 4.5.4. NO SE CONCENTRATI ON

No. Hi story COccurence of

Noi se concentration
2 Preterm 13
1 Met obol i sm 14
3 Preterm with septicema 8
8 Respi ratory disorder 11
14 low birth weight 37
15 Hydr oxi a 11
18 asphyxi a 21
19 Br onchopneunoni a 13
septecem a, preterm

20 Neonat al jaundice 10
21 TEP Fistula 14
22 Low birth weight 14
23 Asphyxi a 11
24 Preterm 13
25 Asphyxia with covul sions 13
26 Met abol i ¢ di sorder 13
28 Hearing |oss 13
29 Preterm 17
30 Acrocynosi s 15
31 Meconi um aspiration 16
32 Asphyxi a 11
33 Preterm 16

Bi phonati on:

In this study biphonation rarely when

i nffants of

ri sk infants.

other high risk factors

in both nornmal

conpared to

and hi gh

Mean of normals was 1.79 and nmean of high risk
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infants was 2.5882 Table 4.5.5. shows the occurrence of

Bi phonation in different high risk infants.

Table No. 4.5.5. Bl PHONATI ON

Hi story No. Cccurrence
Respiratory distress 8 4
Preterm 13 4
Low birth wei ght 14 7
Asphyxi a 18 6
TEP fistula 21 4
Preterm 24 9
Septicem a 26 10

Bi phonation was found to occur in infants with preterm
and did not occur at all in infants with hydrocephal us. These

findings support the findings of Indra Nandyal (1982),

M chel son et al., (1982) had found biphonation to be very
sensitive in differentiating between nor nal and the
di sordered group. In the present study, biphonation was not
found to be very helpful in differentiating between nornal

and the high risk categori es.

Doubl e Har noni ¢ Break:

This was found to occur nore frequently in normals (Mean
3.39) than in high risk infant group (Mean 2.2647) and
difference was found to be significant. The frequency of

occurrence of double harnonic break in the decreasing order
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as found in this study are -normal, preterm convul sions and
asphyxi a. Doubl e harmonic break was absent nearly in all
infants with asphyxi a. In preterminfants it occurred |esser

than in normals but nore than in any of other high risk

cat egori es. These results support the findings of the
earlier investigations (Mchelson et al., 1971). M chel son
et al., 1977, Indra Nandyal (1982). Table 4.5.6. shows

occurrence of double harnonic break in different high risk

i nfants.
Table No. 4.5.6. DOUBLE HARMONI C BREAK

No. Hi story Cccurrence

7 Pretermw th respiratory distress 4
10 Preterm 4
13 Preterm 4
19 Brochopnuenom a, septicema & Preterm 4
27 Preterm 11
30 Acrocyanosi s 7
3 Pretermw th septicem a -
12 Asphyxi a wi th mecoi cemaspiration-

15 Hydr ocephal us -

17 Asphyxi a -
25 Asphyxi a w t h convul si on -

34 Asphyxi aw t h convul si on-
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Fur cati on:

This characteristic occurred nmore often in high risk
infants (Mean 2.4706) than in normals (Mean 1.18). Thi s
factor was maximum with infants having history of asphyxia
with septicemia and neningitis, followed by infants wth
preterm Variability of its occurrence with individuals with
preterm was noticed in metabolic disorders. It al so occurred
frequently in infants with neonatal |aundice. This finding
supports the reports made by Indra Nandyal (1982), M chelson
et al., 1982 and Wasz Mockert (1971). Table 4.5.7. shows
maxi mum occurrence and absence of furcation in different high
risk infants.

Tabl e No. 4.5.7. FURCATI ON

No. H story Cccurrence
7 Pretermw th respiratory distress 3
8 Respiratory distress 3
10 Preterm 5
14 Low birth weight 4
18 Asphyxi a 15
20 Neonat al jaundice 4
21 TEP fistula 4
26 Asphyxia with septicema with neningitis 17
29 Preterm 5
33 Preterm 4
3 Pretermw th septicema-
6 Preterm -
9 Septicem a, with jaundice with preterm-
11 Septicem a, wi thhypogl ycem a-
7 Asphyxi a-
22 Low birth wei ght -

25 Asphyxia, with septicema, withneningitis-
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Tonal pit:

Tonal pit occurred rarely in both normals and high risk
i nfants. Fi ndings supports results of studies by Indra
Nandyal (1982). Tonal pit occurred nore frequently in
infants with history of preterm asphyxia, septicema, but
al so occurred in other high risk infant groups. However as a
whol e occurrence of tonal pit was |ess when conpared to other
parameters in both normals and high risk infants. H gh risk
infants tended to show nore occurrence of tonal pit than
nor mal s. Tonal pit was found to be absent in infants with
hi story of fits. Based on his studies, Mchelson et al.,
(1975) reported that this characteristic occurred nore often
in infants with anatom cal defects of oral cavity like cleft
pal at e. Infants with cleft palate were not available for the

presence study.

G ottal plosive:

Gottal plosives occurred nore in infant with history of
preterm and respiratory distress. Apart fromthese it also
occurred nore often in normal infants (Mean 2.93) than in
high risk infants. These findings were supported by study by
| ndra Nandyal (1982) and M chelson et al., (1971).

Vi br at o:

Vibrato occurred nore in normals (Mean 3.25) than in high
risk infants (Mean 1.4706). The difference between them was

significant. Vibrato occurred nost often in premature
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infants, respiratory distress and asphyxia. Hgh variability
in its occurrence in preterm infants was noticed. Study by
I ndra Nandyal (1982) showed that vibrato occurred less in
high risk infants except in premature infants than in the
normal infants. These findings were supported by the present
st udy. M chel son et al., (1982) had reported the occurrence
of vibrato to the highest in infants with asphyxia. This
finding was simlar in the present study. M chelson (1971)
did not find its occurrence in the cries of 205 premature
i nfants. The present study also reported a high variability

of occurrence of vibrato in preterm infants.

Mel ody:

Most of the infants in the present study, both nornal
and high risk category had a rising - falling Ml ody type
(775% . The other nelody patterns were flat (6 infants), no
pattern (2 infants), rising (2 infants) and falling (3

infants). Refer to table 4.5.8.
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Tabl e No. 4.5.8. MELODY

No. Hi story Mel ody
1 Fits FI at

4 Preterm

5 Respiratory distress

7 Pretermwith respiratory distress

13 Preterm Falling pattern
24  Preterm
23  Asphyxi a
25 Asphyxia with convul sion,

11 septicem a, hypoglycem a

12 Asphyxia with meconi um aspiration No pattern
22 Low birth weight No pattern
15 Hydrocephal us Rising pattern

17 Asphyxi a

Al other infants had rising-falling pattern. M chel son
(1971) reported an increase inrising - falling, rising types
of melody in infants with asphyxia. In the present study
infants with asphyxia had either falling, rising (or) no
pattern. However the finding that nost of the infants had
rising falling pattern was supported by Indra Nandyal (1982).
The present study did not find nelody type to be distinctive

to any group.

Thus the null hypothesis that no significant difference

can be observed on various paranmeters neasured using
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spectrogram between cries of normal infants and high risk
infants is partly accepted and partly rejected i.e., accepted
regardi ng because no significant differences were obtained on
paraneters |ike mninum fundanental frequency, total duration
of the «cry, glottal plosive and nelody and hypothesis is
rejected because significant difference were obtained on
paraneters |ike maxi num fundanental frequency, second pause,
doubl e harnoni c break vibrato, furcation, noise concentration
and shift. Table 4.6 shows the occurence of cry
characteristics in each high risk group infants in

conparision to normal infants.
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TABLE 4.6. SHOW NG OCCURENCE OF CRY CHARACTERI STICS | N EACH HI GH RI SK GROUP | N COVPARI SON W TH NORMALS
SL. HI STORY TP SP M NFO MAXFO S G NC BP F DHB GP TF \%
NO.
NORMAL 14. 2857 0.40178 317. 86 630 4.54 3.63 6. 46 1.79 1.8 3.39 2.93 2.33 3.25
1 Praterm Mor e Equal Mor e Mor e Less Mor e Mor e Mor a Mor e Equal Less Less Less
2. Fits Less Mor e Mor e Mor e Less M Mor e Equal Equal Equal Ni | Ni | Less
3. TEP Fistula Less Mor e Less Less Ni | Equal More Mor e Mor e Equal Equal Less Equa
4. Hearing Loss Less Mor e More Highest Less Equal Hi ghest More Equal Less Equal Less Learn
QGccurence QOccurence
5. Jaundi ce Less Mor e Less Less Equal Nl Mor e Mor e Mor e Equal Equal More Less
6. Asphyxia Equal Mor e Mor e Mor e Equal More Hi ghest More Equal Less Equal More Less
Occur ence
7. Low birth weight Mor e Mor e Less Less Less Equal Hi ghest Mre Equal Less Equal Less Less
Qccur ance
8. Septlcemia with Less Mor e Mor e Mor e Less Ni | Equal Mor e Ni | Mor e Equal Equal Less
jaundice with
Preterm
9. Acrocynosis Eqaul Equal Mor e Mor e Mor e Mor e Mor e Equal  Equal Mor e Ni | More Nil
10. Respiratory Less Mor e Mor e Mor e Mor e Mor e Mor e Equal  Equal Mor e Mor e More Equal
distress with
Speticema with
11. Preterm with Less Mor e Less Less Ni | Less Mor e Equal Nil Ni | Equal Ni | Less

Met obol i ¢
di sorders
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Pretermw th Less Less Equal Less Less Less Equal Equal More Equal N | Less NI
Respitory
di stress.
Hydr ocephal us Less Mor e Mre Mre Less Mre Mre N | Equal Less Less More Less

Respiratory Less Less Mre Mre Less Equal Mre Equal Equal Less H gest Less Less
di stress Cceur ence
Met obol i ¢ Mor e Equal Mre Hghst Equal H ghest H ghest More Mre Less Less More Equal
di sorders Cccurence  Qccurence Coccurence
Asphyxia with Less Less Mre Mre NI N | Equal More  Equal N | Less Less NI
Mecani um
aspiration

. Mecani um Less Less Mre Less Less Less Mre More  Equal Less Less More Lesss
aspiration
Asphyxia with Less Less Less Less Less Less Mre Equal N | Ml Mor e N | N |
septicema with
Meni gi tcs
Asphyxia with Less Mor e Mre Mre Less Less Equal Less Less NI Less Less Less

convul si on
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Results of follow up exam nation after 3-5 nonths:

Information was collected regarding the devel opnental
m | estones and hearing ability of infants 3-5 nmonths after
recording the cries. It was possible only to collect

information from 14 infants (8 in normal category and 6

infants in high risk category). The inability to collect
information regarding all the infants was due to follow ng
reasons: -

1) The <cries were recorded when the infant was in the

hospital and the information collected later from their
homes. Some of the subjects were no |onger avail able at
the address given and in some ears were could not be

| ocat ed.

2) O the subjects for whom follow up was done through
correspondence, only few replied back to the questionnaire

Few of questionnaires were sent back with no information.

All the 8 infants in the normal category were found to be

normal on follow up exam nation. 2 of the infants in the
high risk category were found to be 'normal' on the follow
up. The infants considered to be normal had (1) Normal

hearing ability as reported by parents and (2) mlestones

reported to be normal. 4 infants in the high risk category
were confirmed to be 'abnormal' as two of them expired after
few days, while remaining tw had delay devel opnental

m | est ones. These two infants were asked to come to All
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India Institute of Speech and Hearing, Msore. for detailed

eval uati on.

Thus the results of the present study indicated that the
cry characteristics which were found by spectrographic
anal ysis may occur both in the cases of normal and abnornmal s.
Sonme of the characteristics were predomnant in the nornal
group and sonme are predom nant in the abnormal group. Some
of them may occur in equal nunber in both the group. However
based on further analysis, it has been found that each
category of infants with specific high risk factor showed the
occurrence of certain characteristics nore frequently than in
ot her groups. Therefore the analysis of cries would be very
useful in early identification of abnormalities. Further it
would also hel p in confirmation of di agnosi s when

abnormalities were suspected.
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CHAPTER - V

SUMWARY AND QCONCLUSI ON

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
high risk infant conpared to healthy infants have been
recogni sed by paediatrician. The auditory investigation of
i nfant vocalization have been nainly observation of when, why

and how | ong babies cry (M chel son, 1981).

The objective analysis of the infant cries becane
possi ble when Potter et al., (1947) introduced the sound
spectrograph. Vast body of research has provided mnuch of
justification and inspiration for wusing acoustic analysis of
cries of an additional di agnostic tool in clinica

paedi atrics.

Using spectrograph, cries of nor nal infants and
t hose i nfants with "various abnormalities have been
differentiated based on various paranmeters of cry. (Wasz-
Hockert et al 1971; M chelsson 1971; Mchelsson et al 1975;
Sivisio - Mchelsson 1976). Based on previous literature and
a need to differentiate between normal and abnormal infants,
the purpose of present study was to analyze cries of nornma
and abnormal infants by spectrographic analysis and to note
specific characters which will be distinctive to each

abnormality.
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The aim was to test the following hypothesis, "No
significant difference exists between cries of normal healthy
infants and infants with history of high risk factors (or)
other problem on the following cry characteristics - Pitch
(mnimum and Maxi mum), shift, glide, nelody type, glottal
pl osi ve, vi br at o, tonal pit, Doubl e harmoni ¢ break,
bi phonati on, furcation, noise concentration. Total duration

and second pause of cry signal.

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.

2) Collection of data from nornmal and high-risk infants.

3) Spectrographic anal ysis.

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 fromthe
hi gh-ri sk register developed by Ashok (1981) and other pre-
natal, peri-natal and post-natal factors like pre-maturity,
asphyxia, etc., which my lead to abnormalities were added.
The proforma for infant cry analysis developed in Al India

Institute of Speech and Hearing, Msore was al so used.

Cies of 28 normal full-term infants and 34 infants
belonging to the high-risk category according to the case
history were recorded. The infants were from the age range

of 16 hours to 1 1/2 nonths. Pain cries were elicited from
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these infants by flicking the sole of the infant's foot with
the index finger, till they cried for atleast for 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 5cns fromthe infant's mouth to

reduce background noise to a m ninum

The cry sanples were analysed to obtain narrow band,
bar-type spectrograns. These spectrograns were analyzed to

note the occurrence of the following cry characteristics-

1) Duration of the whole cry,

2) Maxi num fundanental frequency,
3) Mnimum fundanental frequency,
4) Shift,

5) Doubl e harnonic break,

6) dide,

7) Bi phonati on,

8) Furcation,

9) Noi se concentration,
10) Vi brato,
11) dottal plosives,
12) Tonal pit and
13) Mel ody type.

A followup exam nation of the infants were carried out,
3-5 nonths after the recording, for the purpose of collecting
information regarding developnmental mlestones and hearing

ability of the infants.
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Based on the analysis and interpretation of the
spectrograns for the various <cry characteristics, the

foll ow ng concl usi ons have been drawn:

1) Significant difference existed between the cries of nornal
and high-risk infanta in some cry characteristics |ike
mexi mum f undamental frequency; second pause of cry, double
harnmoni ¢ break, vibrato, furcation, noise concentration

and shift.

2) No significant differences were observed in both the
normal and high-risk infants in cry characteristics like
m ni num fundanmental frequency, biphonation, glide, tonal

pit, total duration of cry, glottal plosive and nel ody.

3) 12 categories of high-risk infants were studied. It was
found that each group exhibited cry characteristics which
were distinctive to infants with that particular problem

or history.
Implications of the study:

1) Cy analysis is helpful in differentiating between nornal
and abnormal infant,

2) Infant cry analysis is a valuable tool in differentia
di agnosis of different abnormalities of infant,

3) It is useful for early identification of abnormal infants

and thus in early rehabilitation (or) treatnent.
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Recommendati ons and direction for future research in infant

cry are as follows:

1) A large nunber of infanta belonging to different high risk
categories may be studi ed.
2) Afollowup of infants in high-risk category upto one or

two years to confirmor to rule out the abnornmality woul d

be useful.

3) Recording of the infant cries at the follow up exam nation

woul d be useful.
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APPENDI X - A

List of High-Ri sk Factors

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

Age of Child: Sex:

Questionnaire:

1)

2)
3)
4)
5)

6)

Has any of your close relative had a hearing l|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 married 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 trimester of pregnancy, was the

nmother's health seriously affected as the result of injury

or enotional trauma ?

- Nausi a - Anem a - Accidents
- Vom ting - Bl eeding - Nutritional difficiency
- Toxem a - X-ray - Virus infection

- Drugs
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APPENDI X - B
DEPARTMENT OF SPEECH SCI ENCES
ALL I NDI A | NSTI TUTE OF SPEECH AND HEARI NG MYSORE -570006.

PROFORVA FCR | NFANT CRY ANALYSI S

Reg. No: Dat e:

Fat her's Nane: Age: Educati on:
Addr ess:

Per manent : Occupati on:
Local : Tel ephone:
Mot her' s Nane: Age: Educati on:
Habi ts: Tobacco/ Pan Occupati on:
Birth at:

Hospital / Nursing Hone / Hone Reg. No:

Sex of child: Male / Fenale Age = . days
Si bl i ngs:

Consangui nity: Yes / No Rel ati onshi p:

Fam |y background:

H story of

1. Speech problens

2. Hearing inpairnment

3. Mental Retardation

4. Neurol ogi cal Disorders:

(a) Epil epsy
(b) Cerebral Palsy
()
d

5. O her Congenital
def ects

6. Physical defects

(specify)
7. Others
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8) Was there any history of mscarriages or still birth ?

Yes/ No

9) Perinatal:

a)
b)
c)
d)

Duration of |abour
Labour induced Yes/ No
Delivery - Nornul/caesarian/ Forceps/Breech

Bar bi tuates given to nother Yes/ No

10) Condition of body

a)
b)

Birth cut.

Jaundice -

Bl ueness - Asphyxi at ed

Ful | -term Premat ure/ Post mat ure

Birth cry - Present/absent/del ayed

Convul sions/twi tching/drowsiness/listlessness
Adm ni stration of oxygen

| ncubat or care - Yes/ No
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APPENDI X - B
DEPARTMENT OF SPEECH SCl ENCES
ALL | NDI A | NSTI TUTE OF SPEECH AND HEARI NG MYSORE -570006.

PROFORVA FCR | NFANT CRY ANALYSI S

Reg. No: Dat e:

Fat her's Nane: Age: Educati on:
Addr ess:

Per manent : Occupati on:
Local : Tel ephone:

Mot her' s Nane: Age: Educati on:
Habits: Tobacco/ Pan Occupati on:
Birth at:

Hospital / Nursing Hone / Home Reg. No:

Sex of child: Male / Female Age days

Si bl i ngs:

Consangui nity: Yes / No

Fam |y background:

Rel ati onshi p:

H story of

1. Speech probl ens

2. Hearing inpairnent

3. Mental Retardation

4. Neurol ogical Disorders:

(a) Epilepsy
(b) Cerebral Palsy
e
(3

5. O her Congenital
defects

6. Physical defects

(specify)
7. Ohers




141

Prenatal History:

1) Hstory of D abetes 2) Hstory of Blood pressure
Yes /| No Yes /I No

3) Any illness of conplication and treatnent, describe

[Mra I nfectious disease ... = . . .

Deficiency. ... .. .. . . Tropical disease .. ... . .

Mal nutrition . . . ... ]

4) Threatened Abortion:
(Bleeding in 1st trimester)

5) Abortions if any:
Wen:

6) Hstory of Toxaem a of Pregnancy
7) Medication given:
a) Am nogl ycocites
b) Quinine
c) Chloroquine
d) Ghers
8) Exposure to Radiation:
Wien:
9) Blood G oup:
i) ABO
i) R (+) (o)
1i1) R inconpatibility Yes / No

iv) VDRL (+) ()

10) QG her relevant findings:
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Natal H story:
From Parents and Medi cal Records:

Full term

Premat ur e: (a) nonths = days. . ..

Post term (b) nonths = days. ...

Nor mal Labour Pain / |nduced Labour Pain

1

2

3

4

5. Normal Delivery:

6. Breach Delivery:

7. Instrunental Delivery:

8. Prol onged | abour:

9. Caesarian Section: (a) Hective
(b) Energency

10. GCeneral Anaesthesia

11. Meconium stained ameotic fluid:

12. Birth cry: Norrmal / Del ayed

i) How |l ong
i) Procedure to elicit cry:
i)
13. Birth wight
14. as the child kept in the Incubator
15. Hypoxi a:
16. APGAR Score: (a) I'mediate
(b) After 5 nts.

17. Any congenital abnornmality:
18. Any other findings:

(bstetrician's opinion:
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Post natal care:

1. Was the child given any nedication:

(i How IM/ IV
(11 ?
(111 v%at drug ?
Dosage:
2. Dd the child have Jaundi ce on
(i) First day
(ii) Later
(iii) is progressives

Treatment given: (a) Photot herapy
b) Exchange transfusion
c) Transfusion
3. Dd the child suffer from convul sions:
A (a) 1st day (b) later
B. Duration of convulsion
4. Congenital abnormality:

a) Cranio facial anonolies
b) Ceft Palate - sub nucus over:
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