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| NTRODUCTI ON

Speech comunication is a transfer of information from one
person to another via speech which consists of acoustic waves.
The chain of events from conception to the nessage in the
speakers brain to the arrival of the nessage in the |listener's

brain is called the speech chain.

The chain consists of a speech production nmechanism | ocated
in the speakers brain and a transm ssion through a nedi um such as
air and a speech perception process in the ears and brain of the

i stener.

Speech production can be viewed as a filtering operation in
which a source (laryngeal waveforn) excites a vocal tract filter
and consists of voicing, articulation, and resonance resulting in
a speech sound segnent. Wth a view to gain know edge about the
details of speech production nechanism each of its stages have

been studied and the processes are being deeply researched.

Voi ce science is one such inportant specialization as voice
plays an inportant role in speech comunication. The production
of voice requires a conplex and precise control by the Central
Nervous System of a series of synchronous events in t he
peri pheral phonatory organs, nanmely - respiration, phonation,

articulation and resonance.



Voice is the laryngeal nodul ation of the pul nonary airstream
which is further nodified by the configuration of the vocal tract

(Mchel & Wendahl, 1971).

Hence anatom cal/physiological deviation in any of these

systens would lead to voice disorders.

A voice disorder be it in adults or <children poses a

chal | enge for the speech pathol ogist, nore so in children.

The causes of voice disorders in children are many. It may
range from a sinple msuse/abuse of voice leading to organic
conductions such as vocal nodul es, vocal polyps, hyperkeratosis,
nonspecific Jlaryngitis to congenital anomalies of |[|aryngea
structures. The voice can be disordered due to neurologica
reasons, tunmor, trauma ,infections and devel opnental disorders

such as hearing | oss, nental retardation and cerebral palsy.

The managenent of disordered voice in children require a

detail ed assessnent and a conprehensive therapeutic strategy.

The di agnostic procedure includes:

(1) To describe the nature and the extent of the disorder.

(2) To determ ne the causes of the voice disorders.

(3) To determine the degree and the extent of the causative
factor.

(4) To determ ne the prognosis of the voice disorders as well as

that of the cause of the disorders.



There have been many attenpts over the years to find out
reliable and objective nethods that aid in early detection,
di agnosis and treatnent of voice disorders. This resulted in
different nethods of evaluation such as Acoustic, Aerodynam c,
Physi ol ogi cal and Perceptual methods. O these methods, Acoustic

evaluation has a promsing future as a diagnostic tool because:

(1) Laryngeal pathology alters normal vibratory pattern of voca
f ol ds.

(2) There exists a relationship between vibratory pattern of
vocal folds and certain paraneters of acoustic waveform
generated by this vibration.

(3) It is non-invasive and provides objective and quantitative

dat a.

O the nunber of acoustic correlates of voice. Pr obabl y
Pitch and Anplitude Perturbation factors have been extensively
studied by a nunber of researchers [Lieberman, 1961; Von Leden;
Moore & Tinke, 1960; Hecker & Kruel,1971; Sorenson & Horii, 1984;
Horii, 1984; Hollein Mchel & Doherty, 1973; Miurry & Doherty,
1980; Venkat esh, Satya & Jeny, 1992; Venkatesh, Neelu &
Raghunat h, 1992] to quantify the useful ness of these correlates

in the diagnosis of voice disorders.

M chel and Wendhal (1971) were anong the first researchers

to Ilist many Acoustic and Aerodynam c correlates of voice and



di scuss the useful ness of these correlates in the diagnosis and

differential diagnosis of the voice disorders.

O the many acoustic correlates, Pitch and Anpl i t ude
Perturbati on neasurenents are the nost extensively researched and

document ed.

Smal | variations (perturbations) in anplitude and frequency
i.e. cycle-to-cycle wvariations in Fo (Pitch Perturbation or
Jitter) and cycle-tocycle variation in intensity (Anplitude
perturbation or Shimrer) are known to be natural ingredients in

normal voice [Lieberman, 1961].

The voice produced by the vibrations of the vocal cords
t hough generally believed to be periodic, no two cycles in a
given vibration are identical. Therefore in reality voice is
quasi periodic, and hence, sone anobunt of voice perturbation 1is
normal and nmay reflect random aerodynami c and nuscul ar events
[Titze, Horii and Scherer, 1987] and infact such perturbation are

inmportant for the natural quality of voice [Holnmes 1962].

However, | arge perturbations reflect alternations in the
normal vibratory patterns of the vocal fold [Von Leden, Mbore and

Ti mke, 1960] and are often associated with |aryngeal dysfunction

A review of literature [More and Thonpson, 1965, Moore and
Von Leden, 1958] reveals that speakers wth vocal pathol ogies

di splay greater pitch and anplitude perturbations indicating that



frequency and anplitude perturbations are sufficiently sensitive
to pat hol ogi cal changes in the phonatory process and perhaps even

to severe respiratory insufficiency [Glbert, 1975].

Several investigators [Lieberman, 1961; Von Leden, Mbore and
Ti nke, 1960; Hecker and Kruel, 1971; Sorenson and Horii, 1984,
Horii, 1984; Hollein, Mchel and Doherty, 1973; Mirry and
Doherty, 1980; Venkatesh, Satya and Jeny, 1992; Venkatesh, Neelu
and Raghunat h, 1991] have neasured Jitter and Shimer in normals
and dysphonics for the purpose of diagnosis and differential

di agnosi s.

The normative data provides a basis for conparing Jitter and
Shimer values in the voices produced by patients having vocal
pat hol ogies (Eg. Polyps, nodul es, other vocal pathologies) wth

voi ces of the healthy individuals.

The dat a collected so far on Pitch and Ampl i tude
Perturbation is for the adult population and there- is no data on

t he younger popul ati on.

Pitch and Anplitude Perturbations data in normal children is

necessary because of the follow ng reasons:

(1) The anotony and physiology of the child larynx is lot nore
different fromthat of adult.

(2) Children undergo neuronuscul ar maturation upto the age of 12



(3)

(4)

(1)

(a)
(b)
(c)
(d)
(e)
(f)
(2)

years and thereofre, children under 12 years may show greater
variations on these measures.

In children the change in voice is a continuous process unti
puberty. Therefore Jitter and Shimrer values may also differ
across different age groups.

Lastly some of the voice disorders |like vocal nodules and
pol yps are nore common in children than in adults. Therefore
there is a greater need to identify the voice problens early

in case of children. Hence the present study.

The present study ains at:

Provi di ng normative data for the followng Pitch and
Ampl i tude Perturbation nmeasurements in 7 year old normal male

chil dr en.

Jitter Ratio (JR

Directional Perturbation Factor for Frequency (DPF-Frequency)
Rel ati ve Average Perturbation (RAP - 3 Point)

Shimrer [ S(dB)]

Direction Perturbation Factor for Anplitude (DPF-Anmp.)
Ampl i tude Perturbation Quotient (APQ

To conpare the values of the above Jitter and Shimrer
measurements wth those of adult normative data in order to
verify whether children's data differ fromadult's data as

per theoretical expectations.



(3) To conpare the values of Jitter and Shimer measurenents wth
8 year and 10 year old normal male <children (data being
coll ected sinultaneously with this study by others) in order
to verify whether the continuous voice changes taking place
in children before puberty because of neur omuscul ar

mat uration brings changes in Jitter and Shimer val ues across

di fferent age groups.



REVI EW OF LI TERATURE

The primary node of communication is speech. Voice is the
vehicle of comunication. Voice has been defined as "the
| aryngeal nodul ation of the pulnonary airstreamwhich is further
nodified by the configuration of the vocal tract" (Mchel &

Wendahl, 1971).

Voi ce Dbasically has three paranmeters viz. pitch, | oudness
and quality. Hence, the exam nation of voice should cover each
of these paraneters separately and in conbi nation. Quality of
voice 1is primarily dependent on pitch and pitch in turn depends
on the vibration of the vocal folds. Thus, it becones extrenely
essential to study the vibratory novenent of the vocal folds for

a thorough understandi ng of nornmal and abnormal voice production.

Various procedures have been adopted in order to study the
vibratory patterns of the vocal folds, nobst of which can be used
as di agnostic procedures. These di agnostic procedures conprise of
tests that elicit information regarding the actual process of
voice production and the nature of the sound generated. The

pur poses of the diagnostic procedures are:

(1) To determ ne the cause of the voice disorder.

(2) To determ ne the degree and extent of the causative factor.

(3) To evaluate the degree of disturbance in phonatory function.

(4) To determ ne the prognosis of the voice disorder as well as
that of the cause of the disorder.

(5) To establish a therapeutic progranmme.



Traditional methods of vocal assessnment have been heavily
dependent upon vi sual i nspection of the vocal folds and

subj ective descriptions of perceptual judgenents of patients

voice quality [Yanagi hara, 1967]. But, visual inspection gives
little information regarding vocal fold vibration wher eas
per cept ual judgenents lead to confusion of concepts and
t er m nol ogy and guestionable test-retest and inter-rater

variability [ Koi ke, 1969; Yanagi hara, 1967].

Hi gh speed ci nemat ography [Von Leden et.al, 1960],
el ectrogl ottography [Fourcin and Abbetron, 1977] and sound
spectrography [Routal et.al,1975] have been used to relate voca
cord vibrations to voice quality. Results have been prom sing,
however, t here have been problens with i nstrunent ation,
met hodol ogy and anal ysi s. In addition, invasive techniques Iike
endoscopy, stroboscopy and the like present varying degrees of
risk and disconfort for the patient [Koike et.al, 1977].
Therefore, researchers are focussing on acoustic analysis because

of the follow ng:

(1) Laryngeal pathology alters normal vibratory pattern of voca

f ol ds.

(2) There exists a relationship between vibratory pattern of
vocal folds and certain paraneters of acoustic waveform generated

by this vibration.
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(3) Acoustic analysis is non-invasive and provides objective and

guantitative dat a.

Many acoustic paraneters derived from various methods have
been reported to be useful in differentiating bet ween
pat hol ogi cal and normal voice. O the many acoustic paraneters
that are useful in the diagnosis of voice disorders, probably,
pitch and anplitude perturbations have been extensively studied

currently by several researchers.

What are Pitch and Anplitude Perturbations?

The production of voice is a conplex process which requires
precise control by the central nervous systemof a series of
events in the peripheral phonatory system Healthy voices have
nearly constant pitch, loudness and quality, whereas, subjects
with wvocal pathology exhibit fluctuations during phonation.
These fluctuations in the voice give inportant information
regarding the presence, absence and perhaps to sone extent, the
nature of vocal pathology. These fluctuations can be grouped
into two categories, nanely (1) gross fluctuations, and (2) fine
fluctuations. Exanples of gross fluctuations are speed and
extent of fluctuations whereas Shimer and Jitter factors
represent fine fluctuations. These Jitter and Shimer paraneters

are also called as pitch and anplitude perturbations.



Presence of small perturbations or irregularity of glottal
vibration in normal voice has long been recognized through
oscil l ographic analysis of acoustic pressure waves and through
| aryngoscopi ¢ hi gh-speed photographic investigations [Mirry and
Von Leden, 1958; Scri pture, 1906; Sinon, 1927; Von Leden, Mirry and
Ti ncke, 1960], Variations of fundamental frequency (period) and
anplitude of successive glottal pulses in particular, are often
referred to as "jitter” and "shimer" respectively [Heiberger &
Horii, 1982]. Earlier methods of anlysis for "jitter" and
"shimrer! were oscillographic analysis, glottal wave function,

analysis via laryngoscopi c hi gh-speed photography.

Because of the mnute nature of the parameters and because
of limtations of above measurenent techniques, the neasurenents
of pitch and anplitude perturbations were tinme-consumng and
difficult and normative data on jitter and shimer have been slow
to accunulate. Wth the invention of conputers and conputer based
techni ques, earlier methods of neasuring shinmrer and jitter are

no nore used in order to obtain precise and a quick data.

As explained earlier, the cycle-to-cycle wvariations in
period that occur when an individual is attenpting to sustain
phonation at a constant frequency has been terned as jitter er
pitch perturbation. It is the nmeasurenent of how much a given
period differs fromthe period that inmediately precedes it. | t

is a measure of frequency variability not accounted for by



voluntary changes in fundanental frequency and is thus an
acoustic correlate of erratic vibratory patterns. [ Becket t,
1969]. Simlarly, cycle-to-cycle variation in the anplitude in

phonati on has been terned as shimer or anplitude perturbation.

Several investigators have reported the presence of small
variations in fundanmental frequency and/oranplitude of glotta
vibration in normal voice [Horii, 1979, 1983, 1985; Hollien
et.al, 1973; Sridhar, 1986] Others explain that they result from
di m ni shed control over the phonatory system (Sorenson, Leonard,

1980] .

Physiological interpretations of jitter and shinmer in
sustai ned phonation should probably include both physical and
structural variations and myoneurological wvariations duri ng
phonation [Horii & Heiberger, 1982]. Structural and biochemn cal

asymetrices of the vocal folds are known to contribute to

perturbation [H rano, Ishiki, Imzzum, Kakita & Matsushita,
1979] in addition to the random effects of |aryngeal nucus and
airflow.

Limtations of the |aryngeal servo nechanism through the
articular nyotactic and nucosal reflex systens [CGould and
Okamura, 1974; Wke, 1967] may al so introduce small perturbations
in the laryngeal nuscle tones. The laryngeal nuscle tones may

have inherent perturbations due to tine staggered activations of
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notor units that exist in any voluntary mnuscle contraction
[ Baer, 1980] . A neuronuscul ar nodel of fundanental frequency
perturbation has been described by Baer(1980) who attributed the
vocal jitter to the inherent nmethod of nuscle excitation. A
simlar nodel has been devel oped by Titze (1988, a,b) and recent
work by Larson and Kenster (1983) and Kistler (1987) has Ilent
support to the notion that slight changes in vocal fold Ilength
and stiffness caused by intrinsic |laryngeal nuscle single-notor-
unit tw ches, can and do affect vocal fundamental frequency in a
hi ghly variable manner. Lieberman (1963) reasoned that frequency

perturbations reflect

(1) changes in glottal periodicity
(2) alterations of the glottal waveforns
(3) variations of vocal tract configuration that results in the

phase shift of the acoustic waves.

Jitter measures either magnitudinal or directional derived
from connected speech need to be interpreted with caution since
both systematic perturbations due to phonetic context, stress and
intonation and random perturbations associated with physiologic
[imtations of the glottal sound source co-exist in such voice
signal s. Thus, sustained vowel productions seemto be the nost
appropriate phonatory task when nore or |ess random perturbations

are caused by physiological variations al one.



14

Baken & Cavallo (1984) report that absolute jitter neasures
were nmuch greater in pulse registers as conpared to noda

regi ster phonation in normal adults.

El derly speakers are nore variable on frequency stability
nmeasures than young speakers [WIlcox & Horii, 1980 ; Stoicheff,
1981; Linville & Fisher, 1985a, b] Linville (1988) attenpted to
* gat her i nf ormati on on the extent to whi ch i ntraspeaker
variability on neasures of jitter and fundanmental frequency
standard deviation is age-related in wonen. He concluded that
t he aging process brings about increases in variability
i ndi vidual women denonstrate on neasure of fundanental frequency
stability when producing sustained vowels. Young speakers not
only tended to display lower levels of jitter and fundanental
frequency standard deviations than the elderly, but al so
demonstrated |ower levels of intraspeaker variability 1in these
measures. Moreover, the aging effect was particularly strong for

the vowel /al.

Sorenson and Horii (1983) have indicated that shimer val ues
are lesser in males (0.25dB) whereas jitter values are higher in
females than males (0.849% . Thus it would be erroneous to assune

femal e voices as simlar to nal es.

On the contrary, Ludlow et.al (1984) have reported

significantly lower jitter values for wonen than for nmen.
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Clinicians can expect relative perturbations to be sonmewhat
hi gher in high frequency voices while absolute jitter nmagnitude
should decrease wth increasing fundamental frequency. Jacob
(1968) and Horii(1979) found that mean jitter decreased wth

correspondi ng increase in fundanmental frequency.

Olikoff and Baken (1990) studied the relationship between
fundanental frequency and jitter for normal adults and concl uded

the follow ng:

(1) when averaged over sanples representing a significant portion
of their phonational frequency ranges, jitter values of nen

and wonen do not seemto be significantly different.

(2) the relationship between fundanental frequency and jitter is

obvi ously nonli near.

(3) Jitter of wonen's voices is much less strongly influenced by

changi ng vocal fundanental frequency than in case of nmen.

Olikoff and Baken (1989) have studied the effect of
heart beat on vocal fundanent al frequency and frequency
perturbation and have found that heartbeats accounted for about
7% of the neasured frequency perturbations in the voices of
normal adult nmen ranging from approximately 0.5% to alnost 20%
for a given population. These data indicate that the reliability
of jitter neasurenents is nonrandomy influenced by heartbeat

rel ated phenonena.
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Vocal intensity my be a factor to be consi dered
[Jacob, 1968] found that jitter ratio tended to reduce wth

i ncreasing vocal intensity.

The question of whether jitter varies systematically across
different vowels is as yet unresolved. Wl cox and Horii(1980)
and Horii (1980) found /a/ & /i/ had significantly greater jitter
than /u/ for normal adults, whereas Johnson and M chel (1969)
observed a tendency for high vowels to show greater jitter than
| ow ones. Sorenson and Horii(1983) found significantly nore
jitter for /i/ than /u/ and /al/ as produced at confortable pitch

and | oudness by wonen.

A large body of literature [Lieberman, 1961, 1963; Koike,
1969, 1977; M chel and Wendahl, 1971; Iwata and Von Leden, 1970,
1972, ; Hecker and Kruel, 1971; Kitajima et.al, 1975; Davis, 1976;
Deal and Enmanuel, 1978; Horii, 1979; Mirry and Doherty, 1980;
Haji et.al, 1986] suggest that neasures of jitter and shinmer are
important determnants of voice quality. The presence of
excessive jitter and/or shimner in the voice causes an abnor mal
voi ce quality and therefore 1is indicative of | ar yngea

dysfuncti on.

Data on Pitch and Anplitude Perturbations in Nornmals and
Dysphonics in adults:

Many studi es enphasize on the inportance of using jitter and
shimer neasurenents in differential diagnosis of [|aryngea

pat hol ogi es.
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Li eberman, Von Leden (1961); Moore and Tinke (1960) studied
pitch perturbation factors in six male subjects and other
pat hol ogi cal subjects and concluded that pathol ogical subjects

had | arger values than normals at simlar pitch |evels.

Several researchers have studied paraneters like jitter
ratio (Horii, 1978), jitter factor [Hollien, Mchel & Doherty,
1977, Mirry & Doherty, 1980] , relative average perturbations
(Koi ke), frequency perturbation quotient [Takahashi & Koike,
1975], deviation fromlinear trend [Ludlow, 1983], directiona
jitter factor [Murry and Doherty, 1980] and have conpared vari ous
paraneters between normal and pathol ogical voices. Deal and
Emanuel (1978) measured period variability index in 20 nmale
subj ects with hoarseness and 20 mal e normal subjects and reported

hi gher values in cases of subjects with hoarseness.

Hecker & Kruel (1971) and Murry & Doherty (1980) neasured
directional jitter factor for normals as well as patients
suffering from |I|aryngeal cancer. They concluded directional
perturbation factor was sensitive enough to distinguish between

normal s and cancer patients.

Koi ke (1969) studied vowel anplitude perturbations,. 15
subjects wth laryngeal neoplasns, 6 with wunilateral |[|aryngea
paralysis and 20 normal subjects and concluded that these
perturbations in pathol ogic speech do bear sone information about

| aryngeal pathology and this can be of sone assitance in the
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eval uati on of laryngeal dysfunction and perhaps in early

detection of |aryngeal pathol ogies.

Crystal and Jackson (1970) studied frequency and anplitude
perturbations in voices of persons wth varying | ar yngea
conditions and concluded that they serve as guidelines in

det ecti ng underlying pathol ogy.

Kitajim, Gould (1976) studied vocal shimer in 45 normnal
subjects and found it to range between 0.04 dB and 0.21 dB. They
also studied 25 subjects with vocal polyp in whom the shinmer
val ues were between 0.08 to 3.23 which was significantly higher,
hence, they concluded that shimrer was a wuseful paraneter in
detecting |laryngeal pathologies. Another study was conducted by
Haj i, Horiguchi, Baer and Goul d(1986) in normals and pathol ogi ca
cases and they found that anplitude perturbations were nore
sensitive to irregularities of vocal fold vibrations and could

differentiate between noderate and slightly hoarse voices.

Koi ke, Takahasi and Cal coterva (1977) studied perturbations
in the fundanmental pitch and in peak anplitude of the acoustic

signal derived with a contact m crophone system for the purpose

of devel oping useful nmeasures for detection of | ar yngea
pat hol ogy. Si xtyt hree patients with vari ous | aryngea
pat hol ogi es (cancer, tunour, nodul es, pol yps, paral ysi s,
laryngitis) and 31 nornal subjects were studied. Fr equency

perturbation quotient and average perturbation quotient values
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were studied. They found normal subjects occupy a rather limted
area, while pathological cases disperse over a wde range of

val ues.

Zyski, Bull, M Donald and Johns (1984) took up 7 acoustic
paraneters viz average percentage pitch perturbation( APPP),
relative aver age perturbati on( RAP), aver age pitch
perturbati on(APP), relative average anplitude perturbati on( RAPP),
average anplitude perturbati on(AAP), average percentage anplitude
perturbation (APAP)and shinmer in normals as well as pathol ogic
| arynges and concluded that all these paraneters significantly
differentiated normal and pathol ogic group nmeans. Qut of these,
APPP was the best, followed by RAPP, then AAP and finally APP.
They concluded that ©pitch perturbation measures were better
(rather nore effective) than anplitude perturbations for naking

such di stinctions.

Various studies have shown a good correlation between
acoustic and perceptual analysis in dysphonics and nost of them
have found a good correlation betwen the sanme. [Askenfelt 1986,

Hart man and Von Cranon, 1984].

| mi zum (1986) gave acoustic correlates of roughness based
on results of earlier perceptual neasurenents. They found voices
with large PPQ and APQ to be perceived as rough. But sone voices

with smaller values were also perceived as rough. They concl uded



that irregularity itself may not be necessarily essential for

perceptual judgenents.

Kane and Wllen (1985) have studied jitter and shimrer
nmeasures in children (10 subjects) with vocal nodules and have
found these values to be significantly higher than the norma

control group.

Linville (1987) studied voice perturbations of children with
perceived nasality and hoarseness and found that jitter values
were significantly greater in these children as conpared wth

children w thout vel opharyngeal i nconpetence.

G aze et.al(1988) reported that acoustically derived voice
perturbations of children decreased with increased | oudness. A
positive correlation between shimrer and perceived hoarseness was

observed.

Linville (1987), daze et.al (1988) suggest that voca

shimer may be quite variable anong children.

As far as Indian population 1is concerned, Venkat esh,
Satya,and Jeny(1992) have conducted pioneering research in this
ar ea. They have established normative data on 30 males and 30
females in theadult population. Mreover, they have studied
shimer and jitter in 30 dysphonics. They have found jitter and
shimer paraneters to be higher in dysphonics as conpared to

nor mal s. Mor eover, they have reported that shimmer (dB) could
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be an effective neasure to nmake such distinctions. Q her
researchers have studied jitter and shimer paraneters in
dysphonics, hearing inpaired children and cleft palate cases of
varying age groups conparing themwith normal control groups
[Balaji, 1988; Sridhara, 1986; Chandrashekar, 1985; Prakash,
1991, Biswas, 1991] and have found jitter and shimer values to

be higher in the pathol ogical groups as conpared to nornals.
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METHODOL OGY
Several investigators have studied the Pitch and Anplitude
Perturbation neasurenents, both in normal subjects and in
subjects wth [laryngeal pathol ogies. The results of these

studi es show that Pitch and Anplitude Perturbations are larger in
subjects with |aryngeal pathologies. These findings suggest that
Perturbation neasurenents of Frequency and Anplitude can be used
in the diagnosis of |aryngeal disorders. So the need was felt to

establish normative data for different age groups.

The present study was ained at establishing normative data
for the followng Pitch and Anplitude Perturbation measurenents
in thirty 7 year old normal male children, as there was no data

avai l able on these perturbation nmeasurenents in children.

| > PI TCH PERTURBATI ON MEASUREMENTS;
a) Jitter Ratio(JR): is the nean perturbation divided by the
mean waveform duration when done in ternms of period [Horii,

1979] .

b) Directional Perturbation Factor for Fequency(DPF-Frequency):
takes into account only the direction and not the magnitude.
It is defined as the percentage of the total nunber of
differences in frequency for which there is a change in

al gebraic sign [Hecker & Kreul, 1971).

c) Relative Average Perturbation (Three point)(RAP-3 point): is
defined as a conparative average of change at three different

points. It was given by Koike (1973).



1> AMPLI TUDE PERTURBATI ON MEASUREMENTS:
a) Shinmer(dB) [S(dB)]: is defined as cycle to cycle variation in

anpl i tude neasured in decibels.

b) Directional Perturbation Factor for Anplitude(DPF-Anp)
takes into account only the direction and not the nagnitude.
It is defined as the percentage of the total nunber of
differences in anplitude for which there is a change in
al gebraic sign [Hecker & Kreul, 1971].

c) Anplitude Perturbation Quotient (APQ).

SUBJECTS:

Thirty, Seven year old normal male children ranging—from
years to years served as subjects for the study. The subjects
were chosen based on the following criteria,

(1) Normal E.N. T. findings

(i) Normal audiol ogical findings

(iii) Normal intelligence

(iv) No known history of voice problem vocal abuse or other
rel evant history of vocal pathol ogy.

SPEECH SAMPLE:

Speech sanple consisted of phonation of the vowels /a/, [il
and /u/ for five seconds each. The subjects were required to
phonate the three vowels by keeping the voice as steady as
possible and at habitual pitch during the phonation. They were
required to phonate the three vowels /a/, /i/, and /u/, thrice
and hence the speech sanple consisted of 9 phonations of 5

seconds each per subject. It was intended to take mddle one



second phonation for Pitch and Anplitude Pertubation analysis.

RECORDI NG:

The subjects were seated <confortably in front of a
m crophone situated in a sound treated room The m crophone was
connected to a digital tape recorder (Sony DAT TCD T3) The
subjects were instructed to phonate the vowel /a/, /i/ and /[u/
for 5 seconds at habitual pitch and at confortable | oudness.
They were also instructed not to nove their head and neck during
phonation. Al the subjects were provided with a practice session
of 5 to 7 mnutes, using Vocal Il prior to the recording. Thi s
hel ped the children to produce steady phonations. The distance
between the speaker's mouth and the mcrophone was 15 to 20cns,
during recording. For each phonation sufficient time gap was

given for the intake of air for the next phonation.

PI TCH AND AMPLI TUDE PERTURBATI ON ANALYSI S: [ Schematic Di agram

Ler | [pee | *mw

at BUHH:‘__' amp]ifiori'_ 20000Hz

]

. ] |

| Computer 1
DAT

PC-AT 386 |
The output of the tape recorder was |low pass filtered at

Mt |

500Hz and feed to an A/D converter for digitization. The
digitization was done with a sanpling frequency of 20KHz using a
12bit ADC Cord. The digitized phonations were stored in a PC-
AT386 and were analyzed for the Perturbation nmeasurenents using

Vaghm Software devel oped by Voice and Speech Systens, Bangal ore.
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(i) Jitter Ratio(JR):

IR = _%jui %; {ﬂ_ E+4[J % 1000

P = Period of i cycle in ns

n = Nunber of periods in the sanple

(ii) Directional Perturbation Factor for Frequency [ DPF]

(iii) Relative Average Perturbation (Three point) [ RAP-3point]
n-)

(iv) Shimer (dB) [S(dB)]:
n-=i
5CdR) = 2

E.-:I

Qolog (AL [Ait1) }

n-l

(v) Directional Perturbation Factor for Anplitude (DPF):

(vi) Anplitude Perturbation QuotienttAPQ
-~ > \ﬁl'sﬁ'AL‘Lr-r e At Ai,+5 - Ay
ool

APQ = N0
i 5 H
n Agh

Analysis of all the above six paraneters were done and the
val ues were recorded.

STATI STI CAL ANALYSI S:

Descriptive statistics (nean and standard devi ati ons)
applied on the data obtained. Anal ysis of wvariance /

adm ni st ered, followed by Duncan's Miltiple Range test

9947

61278072
NEE
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RESULTS AND DI SCUSSI ON

The purpose of the study was to neasure Pitch and Anplitude
Perturbations in terns of Jitter Ratio, Directional Perturbation
Factor for Frequency, Relative Average Perturbation (3 point),
Shinmrer (in dB), Directional Perturbation Factor for Anplitude
and Anplitude Perturbation Quotient in 7 year old normal nmale

chi l dren.

TABLE-1 shows the neans and standard deviations for Jitter
Ratio (JR), Directional Perturbation Factor for Frequency (D.P.F.
-Freq.), Relative Average Perturbation (RAP - 3 point), Shinmrer
(S in dB), Directional Perturbation Factor for Anmplitude (DPF-
Amp. ), Amplitude Perturbation Quotient (APQ for the three vowels
lal, I'il &/lul.

J.R DPF(freq) RAP(3 pt) S(dB) DPF(Amp)  APQ

I al 9. 54 63. 63 0. 0063 0.34 64. 25 2.18
(2.03) (3.23) (0.0022) (0. 09) (3.29) (0.59)

il 12. 23 67. 14 0. 0100 0. 24 62. 68 1.69
(2. 46) (2.51) (0.0046) (0. 08) (4.96) (0. 50)

/ ul 12. 54 66. 91 0. 0121 0.22 59. 81 1.57
(2.15) (2. 80) (0.0165) (0. 07) (11.10) (0. 46)

TABLE-1: Showing the neans and standard deviations for JR, DPF-
Frequency, RAP-3 Point, S(dB), DPF-Amp, APQ for the three vowels
lal, i/ and /u/.
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Since 30 normal 7 year old male children were studied, this
data can be considered as normative for the population of sanme

age and sex

To know whether the six parameters differed with respect to
vowel s studied, a one-way ANOVA was adm nistered separately for

each of the 6 parameters followed by DVRT (Duncan Multiple Range

Test). The results of the six ANOVA tests have been sunmmarized
in TABLE- 2.
PARAVETER DEGREES OF F- RAT10 SNS
FREEDOM
J R 2 16. 51
87
DPF (for frequency) 2 14.13 e
87
RAD (3 point) 2 2.63 ns
87
S (in dB) 2 17. 16 o
87
DPF (for anplitude) 2 2.88 ns
87
APQ 2 11. 52
87
Sns = Significant/not significant

* **

hi ghly significant

TABLE-2 : The results of one way ANOVA adnministered separately
for each of the six paraneters.



- 28 -

Fromthe TABLE- 2 & 3 we observe the foll ow ng:

There is a highly significant difference anong the vowels
for all the paraneters studied except on the neasures of Relative
Average Perturbation (3 point) and Directional Perturbation

Factor for Anplitude.

For the Jitter Ratio it was observed that there was a highly
significant difference between the vowels /a/, /il & /[ul. The
values for /[i/ (12.23) and /u/ (12.54) were found to be

significantly higher than /a/ (9.54).

Johnson and M chel (1969) observed a tendency for high
vowels to show greater jitter than low vowels. Sorenson and
Horii (1983) found significantly nore jitter on /i/ than for /al &
/fu/  in femles. These findings support the present findings
where the wvalues for /i/ & /u/ were found to be significantly

hi gher than for /al.

Simlar results have been obtained by Sai (1992) and
Bhuvaneshwari (1992) in 8 year old and 10 year old normal nmale

children respectively.

On the contrary, Venkatesh et.al, (1992) reported that
Jitter ratio values are nore for /a/ as conpared to /i/ and /[ul/,

in adult popul ation.

For the Directional Perturbation Factor (frequency) it was

observed that there was a highly significant difference anong the
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vowels /a/, [i/ and /u/. The values of /i/ (67.14) and /u/
(66.91) were found to be significantly higher than /a/(63.63).

Sorenson and Horii (1984) reported that DPF values for /il
and /a/ are |ower when conpared to those for /u/. Oh the
contrary in the present study it was observed that values for /i/
and /u/ were significantly higher than those for /a/. A simlar

finding has been observed by Sai (1992) and Bhuvaneshwari (1992).

Wiereas in adults (Venkatesh et.al 1992) it is reported that
DPF has |lower values for /i/ and /u/ than those for /a/. This is

in contrast to the finding of the present study.

For the Rel ative Average Perturbation (3 point) there was no

significant difference found anong the vowels /a/, /i/ and /u/.

Oh the contrary, (Venkatesh et.al 1992) reported that the
values of RAP for /i/ and /u/ are lower than that for /al.
However Sai (1992) and Bhuvaneshwari (1992) reported hi gher val ues
for /i/ and /u/ values as conpared to /a/, in 8 year old and 10

year old nornmal nale children respectively.

For Shimrer (dB) it was observed that there was a highly
significant difference anong the vowels /a/, /i/ and /u/. The
values of [i/ (0.24) and /u/ (0.22) were found to Dbe
significantly lower than /a/ (0.34).

Horii (1980b) observed /i/ and /u/ values for Shimrer to be
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lower than that for /a/. This trend was al so observed in the
present study and reported by Sai (1992) and Bhuvaneshwari (1992)
in 8 year old and 10 year old nornmal male children respectively

and in adults by and Venkatesh et.al (1992).

For the Directional Perturbation Factor (for anplitude)
there was no significant difference found anong the vowels /a/,
/il and /u/. However, vowel /a/ had a higher value as conpared
to the other two vowel. Simlar findings have been obtained by
Sai (1992) and Bhuvaneshwari (1992) in 8 year old and 10 year old

nornmal nmale children

On the contrary, Sorenson and Horii(1984) found DPF val ues

for anplitude to be highest for /u/ followed by /a/ and then /i /.

Venkatesh et.al (1992) report DPF (anplitudes) values for

the three vowels s.irnilar to Sorensen and Horii (1984).

For Anplitude Perturbation Quotient it was observed that
there was a highly significant difference anong the vowels /al,
/il and /u/. The values of /i/ (1.69) and /u/ (1.57) were found

to be significantly lower than for /a/ (2.18).

Simlar findi ngs wer e reported by Sai (1992) and
Bhuvaneshwari  (1992) for 8 year old and 10 year old normal nmale

children respectively and by Venkatesh et.al (1992) in adults.

In summary, generally Frequency Perturbation factors on the

whole tend to show higher values for the vowel /u/ and /i/ than
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for the vowel /a/ whereas Anplitude Perturbation factors tend to
show hi gher values for the vowel/a/ as conpared to vowels /u/ and

lil.

TABLE-3 Shows the nean values of 3 paraneters of Pitch
Perturbation Factors for the thirty 7 year old normal nale

children and nornmal adult mal es.

Rtch Rrtubati as

Rpdaion Pranater

R OFF RP (3pant)

la il IV lal il v la il v
7 year old Men> 95 12283 2% &6 614 69 0068 0.0 012

’ nal e
Gl Gy e Men> 97 78 8% BB %7 HE® QWR 005 008
nal an .
pood ati
[Gigtehet.d

TABLE-3: Shows the nean values of 3 paraneters of Pitch
Perturbation Factors for the thirty 7 year old normal nale

children and normal adult mal es.

From the TABLE-3 it may be observed that the Jitter ratio,
Directional Perturbation Factor (frequency) and Rel ative Average
Perturbation (3 point) neasures for the vowels /a/, /i/ and /ul/
are larger for the 7 year old normal male children when conpared

to the adult male popul ation.
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This finding indicates the presence of |arger perturbation
in children. Probably this is because children have inconplete

neuronuscul ar maturation of the |aryngeal mechani sns.

Larger perturbations in children could also be attributed to
the differences in the laryngeal structures between adults and

chil dren.

TABLE- 4 Shows the nean values of 3 paraneters of Anplitude
Perturbation Factors for the thirty 7 year old normal nmale

children and nornmal adult mal es.

CH AMD AMPLITUDE PENnTOUDATION IN 8 YEAR OLD CIllI DRDS

TABLE-4: Shows the nmean values of 3 paraneters of Anplitude
Perturbation Factors for the thirty 7 year old normal nmale

children and nornmal adult nmual es.
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Fromthe TABLE-4 it may be observed Shimrer(dB), Directiona
Perturbation Factor (anplitude) and Anplitude Perturbation
Quotient (APQ neasures for the vowels /a/, /i/ and /u/ are
larger for the 7 year old normal male children, except for the
paraneter DPF (anplitude) for the vowel /u/, as conpared to the

adult mal e popul ati on.

This finding indicates the presence of larger perturbation
in children. Probably this is because children have inconplete

neurormuscul ar maturation of the |aryngeal mechani sm

Larger perturbations in children could also be attributed to
the differences in the laryngeal structures between adults and

chi |l dren.

Table-5 Shows the Directional Perturbation factor for Frequency
and Anplitude of 7 year old nornmal nale children of the present
study alongwith the data of the 8 year old normal male children
[Sai, 1992] and 10 year old normal male children [Bhuvaneshwari,

1992] .

Age groups PARAMETERS

DPF( Fr equency) DPF (Anplitude)

/| al il /ul / al il /ul

7 year 63. 67 66 64 62 59

63 .14 .91 .25 . 68 .81
8 year * 63. 67 67 63 63 64

59 .90 .97 .02 .93 .95
10 year ** 62. 68 68 62 66 63

78 .53 .43 .71 . 09 .24




Sai  (1992)
**  Bhuvaneshwari (1992)

TABLE-5: Conparison of DPF (frequency) and DPF (anplitude) across
3 age groups -

To know whether the Directional Perturbation Factor for
Frequency and Anplitude varies across the 3 age groups a ANOVA

test was admnistered followed by a DVRT (Duncon's Miltiple Range
Test).

The results of the ANOVA tests for the DPF (frequency) are

summari zed in Tabl e- 6.

Sour ce D F F ratio S/ ns
Ages a 2 1.69 ns
Vowel b 2 80. 66
I nteracti on a&b 4 1.82 ns
S/ns - Significant/not significant

* k%%

- highly significant

TABLE-6: Showing results of the ANOVA for the DPF (frequency)
across the 3 age groups.

From the Table-6 it nmay be observed that there 1is no
significant difference in DPF (frequency) across the 3 age
groups. In other words the Directional Jitter is same for all

the 3 age groups. Fromthis one may infer that there is no need
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to nmeasure Directional Jitter for each age group ofchildren

specifically 7, 8 and 10 year old children.

Tabl e- 6 indicates a highly significant difference in
Directional Jitter across vowels. This has been discussed earlier

in the dissertation.

From the Table-6 one may al so observe that there is no
interaction between the vowel type and across ages as far as

Directional Jitter is concerned.

The results of the ANOVA tests for the DPF (anplitude) are

sumari zed in Tabl e-7.

Sour ce DF F ratio S/ ns
Ages a 2 2.45 ns
Vowel b 2 1.68 ns
Interaction a&b 4 2.97 *
S ns - Significant/not significant

*xx - highly significant

TABLE-7: Showing results of the ANOVA for the DPF (anplitude)
across the 3 age groups.

Fromthe Table-7 it nmay be observed that Directional Shinmer
does not change across the age groups as in the case of

Directional Jitter.



Fromthis we may note that Directional Shimer for 7, 8 and

10 year old children does not differ.

From the Table-7 we nmay also observe that directiona
shimer does not vary across the vowels also. Fromthis we my
infer that it is sufficient to neasure directional shimer for

anyone of the vowel for all the three age groups.
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SUMVARY AND CONCLUSI ON

Variations in pitch and anplitude is an essential aspect of
normal voi ce. These normal variations (perturbations) in the
voi ce can be grouped into voluntary perturbations (intonational)
and involuntary perturbations (Pitch and Anplitude Perturbations

- Jitter and Shinmrer respectively).

These perturbations can be neasured by various paraneters
such as Absolute Jitter, Jitter Factor, Jitter Ratio, Shimer

(dB), Direction Perturbation Factors, etc.

Many researchers have studied different Pitch and Anplitude
Perturbations neasurenents in normal and in abnormal voice and
Authors generally agree that these neasurenents can be used for
screening and diagnostic purposes of |aryngeal disorders. Mbst
of these studies have established nornms for Jitter and Shimrer
nmeasurenments in adult population only. It is well known that
children's voice characteristics differ from that of adults
because of the continuous neuronuscul ar maturation they undergo
before puberty and the obvious norphological factors. Thus,
adult data may not hold good for children in the diagnostic

process. Therefore this study was ained at:

(1) Obtaining nornms for the followwng 6 Pitch and Anplitude
Perturbation nmeasurenment in thirty 7 year old normal nmale

chi |l dren.



(a) Jitter Ratio

(b) Directional Perturbation Factor (for frequency)

(c) Relative Average Pertubation (RAP 3 point)

(d) Shinmmer (in dB)

(v) Directional Perturbation Factor (for anplitude)

(vi) Anplitude Perturbation Quotient

(2) Conparing the data obtained for 7 year old normal nmale

children with that of adult normals.

(3) Conparing the data obtained for 7 year old normal nmale

children with that of 8 and 10 year old normal nmale children.

Thirty normal 7 year old male children who had normal E. N. T.
findings, normal audiological findings and normal intelligence
with no known history of voice problem vocal abuse or other
rel evant vocal history were chosen for this study. After a
practice session of 5-7 mnutes to ensure stable phonation, their
voi ce sanple i.e. phonation of vowels /a/, /i/ and /u/ for 5secs
each was recorded and nost stable phonation of one second
duration was analysed for the six chosen paraneters. The data
obtai ned was subjected to descriptive statistics such as nean,
standard deviation, ANOVA and DVRT to interpret the results and

the follow ng conclusions were drawn.

1) Since thirty normal 7 year old normal nmale children were
studied the data obtained for the six paraneters can be

considered as norns for this age group.



2)

3)

4)

5)

It was observed that children have higher Pitch and Anplitude
Perturbation neasurenents as conpared to the adults. Thus as
per the theoretical expectations the Pitch and Anplitude
Perturbation measurenments in 7 year old children were found

to be different from that of adults.

It was observed that Directional Perturbation Factors for
frequency and Anplitude did not vary across the ages of 7,8

and 10 year old children.

There was a highly significant difference in Directional
Shi mer across the vowels /a/, /i/ and /u/. vowel /a/ having

t he highest value for the parameter.

There was no significant difference in Directional Shimrer

across the 3 age groups 7, 8, 10 year old male children
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