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| NTRODUCTI ON

There have been several attenpts over the vyears to find
reliable and sinple nethods that aid in early det ecti on,
di agnosis and treatnent of |aryngeal disorders. Traditionally,
vi sual i nspection and perceptual judgenents were used but
eventually, the "trend noved towards other non-invasive and

obj ective nethods of assessnent ofvoice.

As suggested by Hanson, Gerratt and WArd(1983), mgjority of
t he phonat ory dysfunctions are associated W th abnor mal
vi brations of vocal folds. Hence, analysis of these vibrations
in terns of different paraneters consitututes an inportant aspect
to be considered in early detection and differential diagnosis of
the voice disorders and for neasuring the functional and anatomc
status of the |aryngeal nechanism Moreover, the irregularities
in vibration have been inplicated as a physical correlate of
rough or hoarse voice. The unsteadiness in acoustic paraneters,
for exanple, perturbations in fundanental frequency and anplitude
are very sensitive and offer inportant clues to the absence,
presence and perhaps nature of the I|aryngeal disorder. They
provi de an objective and quantitative neasurenent for assessnent
of vocal pathol ogi es. In addition, they have been applied to the

early detection of I|aryngeal pathol ogy.



Pitch perturbations or jitter is defined as cycle to cycle
variations in fundanental frequency and anplitude perturbations

or shimrer is defined as cycle-to-cycle variations in anplitude.

Pitch and anplitude perturbations have, and are now being
extensively studied by several researchers [Liebernman 1961, 1963,
Sorenson and Horii, 1984; Horii, 1979; Hollien, Mchel and
Doherty, 1973; Koike, 1973; Davis, 1976, 1979, 1981; Sridhara,
1986 ; Venkatesh et.al 1991]. These researchers have studied
various paranmeters of pitch and anplitude perturbations in normnal
as well as pathol ogical voices and have found that although there
is some ampbunt of perturbations even in normal voices, the anount

of perturbation was significantly larger in pathol ogical voices.

Li eberman(1964) indicated that the magnitude of pi tch
perturbation factor (which was defined as the percentage of
perturbations that exceeded 0.5 nmsecs) mght be of wuse in
detection of [|aryngeal pathology. Venkatesh, Sathya and Jeny
(1991) have provided normative data for adult popul ation and have
studied the effectiveness of various paraneters of pitch and
anplitude perturbations in aiding in differential diagnosis of

various |aryngeal pathol ogies.

Attenpts have been nmde to <correlate these acoustic
paraneters to perceptual judgenents [Hartmann & Cranon, 1984,
| mai zum , 1986; Linville, 1987; Venkatesh, Raghunath and Neel u,

1991]. These studies suggest that there is a good correlation



between the acoustic paraneters studied and the anount of

hoar seness observed (i.e. subjective eval uations).

St udi es have i ndi cat ed t hat pitch and anpl i tude
perturbations have been affected by variables such as age, sex,
vowel s, intensity and frequency [Sorenson & Horii, 1983; Jacob,
1968; WIlcox and Horii, 1980; Linville, 1988; Olikoff, 1990].
Among these, age of the subjects seemto be an inportant factor

whi ch influences pitch and anplitude perturbations.

Al though there 1is a large body of literature on adults,
there is no data on children. Several investigators have studied
pitch and anplitude perturbations in children wth voca
pathologies and cleft palate using a small nunber of nornmal
children as the control group [Kane & Wellen, 1985; Horii, 1986;
Linville, 1987; Prakash, 1991; Biswas, 1991]. They have found
jitter and shimer values to be significantly higher in the
di sordered population as conpared to the normal control groups.
Since children are nore susceptible to |aryngeal pathology due to
vocal abuse or m suse, it wunderlines the need to collect
normative data on pitch and anplitude perturbations in children
for the purpose of early detection, diagnosis and treatnent.

Moreover, we may expect pitch and anplitude perturbations to be

hi gher in children due to anatomcal and physi ol ogi ca
vari ations. Hence, it seenms rather unwise to extend the data
from adults to children. Hence, the present st udy was

undert aken.



(1)

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

(2)

(3)

The ains of the present study are:

To obtain normative data for the following pitch and
anplitude perturbation neasurenments in 8-year old nale

chil dren:

Jitter ratio (JR

Directional Perturbation Quotient for frequency (DPQ
Rel ati ve Average Perturbation (RAP - 3point)

Shi mrer (dB)

Directional Perturbation Quotient for anplitude (DPQ
Ampl i tude Perturbation Quotient (APQ

To conpare the values of the above jitter and shimer
nmeasurenents wth those of adult normative data (already
available) in order to verify whether children exhibit any

di fferences as conpared to adults.

To conpare the values of jitter and shimrer nmeasurenents of 8-
year old male children with those of 7 and 10-year old nmale
children to see whether these voice paranmeters vary with age

i.e. to see if there is a devel opnental trend.
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REVI EW OF LI TERATURE

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

Wendahl, 1971).

Voice basically has three parameters viz. pitch, |oudness
and quality. Hence, the exam nation of voice should cover each
of these paranmeters separately and in conbination. Quality of
voice is primarily dependent on pitch and pitch in turn depends
on the vibration of the vocal folds. Thus, it beconmes extrenely
essential to study the vibratory novenent of the vocal folds for

a thorough understandi ng of normal and abnormal voice production.

Vari ous procedures have been adopted in order to study the
vi bratory patterns of the vocal folds, npbst of which can be used
as di agnostic procedures. These diagnhostic 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 progranmre.



Traditional methods of vocal assessnent have been heavily
dependent upon visual inspection of the wvocal 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 judgenments lead to confusion of concepts and
t er m nol ogy and guesti onable 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 wth i nstrunent ati on,
nmet hodol ogy and analysis. In addition, invasive techniques I|ike
endoscopy, stroboscopy and the |ike present varying degrees of
risk and disconfort for the patient [Koike et.al, 1977] .
Therefore, researchers are focussing on acoustic anal ysis because

of the follow ng:

(1) Laryngeal pathology alters normal vibratory pattern of vocal

f ol ds.

(2) There exists a relationship between vibratory pattern of

vocal folds and certain paranmeters of acoustic wavef orm generated

by this vibration.



(3) Acoustic analysis is non-invasive and provi des objective and

gquantitative data.

Many acoustic paraneters derived from various nethods have
been reported to be useful in differentiating bet ween
pat hol ogical 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 vocal 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 Shinmmer and Jitter factors
represent fine fluctuations. These Jitter and Shimer paraneters

are also called as pitch and anplitude perturbations.
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Presence of small perturbations or irregularity of glottal
vibration in normal voice has 1long been recognized through
oscil l ographic analysis of acoustic pressure waves and through
| aryngoscopi ¢ hi gh-speed phot ographic investigations [Mirry and
Von Leden, 1958; Scripture, 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 "shinmrer" respectively [Heiberger &
Horii,h 1982]. Earlier nmethods of anlysis for “jitter" and
"shinmmer' were oscillographic analysis, glottal wave function,

analysis via |aryngoscopi c hi gh-speed phot ography.

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

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

As explained earlier, the cycle-to-cycle variations in
period that occur when an individual is attenpting to sustain
phonation at a constant frequency has been termed as jitter or
pitch perturbation. It is the measurenent of how much a given
period differs fromthe period that imrediately precedes it. It

is a neasure of frequency variability not accounted for by



voluntary changes in fundanental frequency and is thus an
acoustic correlate of erratic vibratory patterns. [ Beckett,
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] O hers 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 nyoneurol ogical wvariations during
phonation [Horii & Heiberger, 1982]. Structural and biochem cal

asymretrices of the vocal folds are known to contribute to

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

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

have inherent perturbations due to tinme staggered activations of
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notor units that exist in any voluntary nuscle contraction
[ Baer, 1980] . A neuronuscul ar nodel of fundanmental 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 |Ient
support to the notion that slight changes in vocal fold Iength
and stiffness caused by intrinsic l|laryngeal nuscle single-notor-
unit tw ches, can and do affect vocal fundanmental 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 nmeasures 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
appropri ate phonatory task when nore or |ess random perturbations

are caused by physiol ogical variations alone.
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Baken & Cavallo (1984) report that absolute jitter nmeasures
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
neasures than young speakers [WIcox & Horii, 1980 ; Stoicheff,
1981; Linville & Fisher, 1985a, b] Linville (1988) attenpted to
- gat her i nformation on the extent to whi ch i ntraspeaker
variability on neasures of jitter and fundanental frequency
standard deviation is age-related in wonen. He concluded that
t he aging process brings about increases in variability
i ndi vi dual women denpnstrate 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 |evels of intraspeaker variability in these
neasures. 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
femal es than males (0.84% . Thus it would be erroneous to assune

femal e voices as simlar to nal es.

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

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

corresponding increase in fundanental frequency.

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

the foll ow 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 fundamental frequency and jitter is

obvi ously nonlinear.

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

changi ng vocal fundanental frequency than in case of nmen.

Olikoff and Baken (1989) have studied the effect of
hear t beat on vocal fundament 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 measurenents 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 /a/ 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 Emanuel, 1978; Horii, 1979; Mirry and Doherty, 1980;
Haji et.al, 1986] suggest that neasures of jitter and shimrer are
inportant determnants of voice quality. The presence of
excessive jitter and/or shimnmer in the voice causes an abnornal
voi ce quality and therefore 1is indicative of | ar yngea

dysfuncti on.

Data on Pitch and Anplitude Perturbations in Normals 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); Mbore and Tinke (1960) studied
pitch perturbation factors in six mle 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 paranmeters Ilike 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 various
paranmeters between normal and pathol ogical voices. Deal and
Emanuel (1978) measured period variability index in 20 nale
subjects with hoarseness and 20 mal e normal subjects and reported

hi gher values in cases of subjects wth hoarseness.

Hecker & Kruel (1971) and Murry & Doherty (1980) neasured
directional jitter factor for normals as well as patients
suffering from |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,.in 15
subjects wth |laryngeal neoplasnms, 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 | aryngea
conditions and concluded that they serve as guidelines in

detecting underlying pathol ogy.

Kitajim, Gould (1976) studied vocal shimer in 45 nornal
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 shimer was a useful paranmeter 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

differenti ate between noderate and slightly hoarse voices.

Koi ke, Takahasi and Cal ceterva (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 wuseful neasures for detection of | aryngea
pat hol ogy. Si xtyt hree patients with vari ous | ar yngea
pat hol ogi es (cancer, tunour, nodul es, pol yps, paral ysi s,
laryngitis) and 31 normal subjects were studied. Frequency

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 perturbati on( 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 shimrer in norrmals as well as pathologic
| arynges and concluded that all these paraneters significantly
differentiated normal and pathol ogic group means. Qut of these,
APPP was the best, followed by RAPP, then AAP and finally APP.
They concluded that pitch perturbation neasures were Dbetter

(rather nore effective) than anplitude perturbations for making

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 sane. [Askenfelt 1986,

Hartman and Von Cranon, 1984].

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

with smaller values were also perceived as rough. They concl uded
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that irregularity itself may not be necessarily essential for

per ceptual judgenents.

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

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 inconpetence.

G aze et.al (1988) reported that acoustically derived voice
perturbations of children decreased with increased | oudness. A

positive correlation between shinmer and perceived hoarseness was

observed.

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

shimer may be quite variable anong chil dren.

As far as Indian population is 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
shimmer 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 shimnmer (dB) could
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be an effective nmeasure to nmake such distinctions. O her
researchers have studied jitter and shinmer paraneters in
dysphonics, hearing inpaired children and cleft palate cases of
varying age groups conparing themwth 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 normals.
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METHODOLOGY
Sever al I nvestigators have studied the Pitch and Anplitude
Perturbation measurenents, both in normal subjects and in
subjects wth [|aryngeal pathol ogies. The results of these

studies show that Pitch and Anplitude Perturbations are larger in
subjects with laryngeal pathol ogies. These findings suggest that
Perturbation nmeasurenents of Frequency and Anplitude can be used
in the diagnosis of laryngeal disorders. So the need was felt to

establish normative data for different age groups.

The present study was ained at establishing nornative data
for the followng Pitch and Anplitude Perturbation measurenments
in thirty 9- year old normal male children, as there was no data

avai |l abl e 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) Drectional Perturbation Factor for Requency(DPF-Frequency):
takes into account only the direction and not the nmagnitude.
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).
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1> AVPLI TUDE PERTURBATI ON MEASUREMENTS:
a) Shimrer(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 rmagnitude.
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 9- 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

(ii1) Normal audiological 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 vowls /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
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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 nouth and the m crophone 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

I. P F Pre | ADC |
T at 500Hz "_"1 amplifier 20000HZ |
L i ' "12 bit

Computer
PC-AT 386

[; DAT 1

The output of the tape recorder was |low pass filtered at

500Hz and faed to an A/D converter for digitization. The
digitization was done wth 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 neasurements using

Vaghm Software devel oped by Voice and Speech Systens, Bangal ore.
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(i) Jitter Ratio(JR):
n-|
(i A W Z,P'~ PL*’/}?%JOOO
'1/]_..| L .Lf::I
P. = Period of i cycle in ns

n = NUnber of periods in the sanple

(iit) Drectional Perturbation Factor for Frequency [ DPF]:

(i1i1) Relative Average Perturbation (Three point) [RAP-3point]:

- : = 2+ P+ h. P,
Q-A-P(3-Folnt)r n-2 e Pi_,_| | t)
{T 7 . 3
(iv) Shimmer (dB) [S(dB)]:
n-l 20log (AL /-
C_)Cf—“}:) = Z O SC '/’q H)_

n-l

L=l

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

(vi) Anplitude Pertur bar'E_ib_on Quoti ent [ APQ :

g« e o |AesTALNT A Ang | A
g

+ LA
Anal ysis of all the above six paraneters were done and the

val ues were recorded.

STATI STI CAL ANALYSI S:

Descriptive statistics (nmean and standard devi ations) were
applied on the data obtained. Analysis of variance was also

adm ni stered, followed by Duncan's Miltiple Range Test (DMRT).



RESULTS AND DI SCUSSI ON

The purpose of this study was to neasure pitch and anplitude
perturbations in ternms of jitter ratio, directional jitter
relative average perturbation (3 point), shimer (in dB),
directional shinmrer and anplitude perturbation quotient in 8-year

old male children

Tabl e-1 shows the neans and standard deviations for jitter
ratio (JR), directional perturbation factor for frequency (DPF),
relative average perturbation (RAP - 3 point), shimmer in dB,
directional perturbation factor for anplitude(DPF), anplitude

perturbation quotient (APQ for the three vowels /a/, /i/ and /ul

st udi ed.
J.R DPF(freq) RAP(3 pt) S(dB) DPF(Amp)  APQ
| al 9. 56 63. 599 0. 0073 0. 33 63. 026 2.21
(1.85) (3.36) (0. 0046) (0. 15) (4.49) (0.79)
lil 15. 08 67.90 0. 0099 0.24 63. 93 1.78
(3.18) (2.12) (0.0034) (0.9) (5.96) (0.54)
[ ul 13.71 67. 96 0. 0081 0.25 64. 75 1.75
(2.07) (2.49) (0.0014) (0.09) ( 2.49) (0.53)

Table-1:Pitch and anplitude neasurenents of the six paraneters
studied in normal male 8-year old children.

Since 30 normal 8-year old male subjects were studied, this
data can be considered as normative for the population of the

sane age and sex.
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To know whether these six parameters differed with respect
to the vowels studied, a one-way ANOVA was adm ni st ered
separately for each paraneter followed by Duncan's Miltiple Range
Test (DWVRT). The results of the six ANOVA tests have been

summari zed in Tabl e- 2.

PARAVETER DEGREES OF F- RATI O S/'NS
FREEDOM

J R 2 41.89 i
87

DPF (for frequency) 2 25. 68 b
87

RAD (3 point) 2 4. 42 *
87

S (in dB) 2 6. 25 i
87

DPF (for anplitude) 2 0.79 ns
87

APQ 2 4.94 *
87

S/ ns Significant/not significant

Si gni ficant
hi ghl'y significant
hi ghl'y significant

* *

* k%

Tabl e-2: Shows the results of one-way ANOVA for the 6 paraneters.

From Tabl e-1 and Tabl e-2, we can observe the follow ng:
There s a statistically significant difference in all the

paraneters studied with respect to vowels except for directional
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perturbation factor for anplitude in which no significant

di fference was observed.

Jitter ratios, for DMRT test revealed a si gni ficant
difference for all the 3 vowels /a/, /i/ and /u/. [i/ values are

t he highest (15.08) followed by /u/ (13.71) and then /a/ (9.56).

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/ or
/al in females. These findings agree with the results obtained
in the present study i.e. values for /i/ and /u/ were higher than
lal. A simlar finding was observed by Neelu(1992) and

Bhuvaneshwari (1992) .

On the contrary, the study by Venkatesh et.al(1992) on
normal male and female adults shows that jitter ratio values are
nore for /al as conpared to /i/ and /u/ in mles as well as

f emnl es.

For the directional perturbation factors for frequency, a
highly significant difference anong the three vowels was seen,
values for /u/ (67.97) and /i/ (67.9) being significantly higher
than the value for /a/ (63.599). A simlar finding was reported
by Neel u(1992) and Bhuvaneshwari (1992) in 7-year old and 10-year

old normal male children respectively. Venkatesh et.al (1992)

reported lower DPF values for /i/ and /u/ than for /al/.This

incontrast tothefindinginthepresent study. Sorensonand
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Horii (1984) also reported DPF values for /a/ and /i/ as being

| ower when conpared to /u/.

For the relative average perturbations (3 point), values for
[al (0.0073) and /u/ (0.008) are significantly lower than the
values for /i/ (0.0098). A simlar finding has been reported by
Bhuvaneshwari (1992) in 10-year old children.

Venkat esh et.al (1992) have reported |ower values of RAP for
/1]l and /[u/ as conpared to /a/, contrary to findings of the
present study. However, Neelu(1992) reported no significant

di fference between the three vowels for this paraneter.

For shimer (in dB), values for /i/ (0.241) and /u/ (0.246)
were significantly lower than those for /a/ (0.331). Simlarly,
Horri (1980) observed /i/ and /u/ values for shinrer to be |ower
than that for /a/. This trend has been reported by several
i nvestigators, Neelu(1992), Bhuvaneshwari (1992) and Venkatesh
et.al (1992).

For directional perturbation factor for anpl i tude, no
significant difference was observed between the three vowels.
(/lal = 63.026, /il =63.93, /ul = 64.75)

Sorenson and Horii(1984) found DPF values for anplitude to
be highest for /u/ followed by /a/ and then /i/. In the present
study too, /u/ values are found to be highest (although not
significantly different). Venkatesh et.al (1992) also have

observed /u/ values to be higher followed by /a/ and then /i/.
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Neel u(1992) reports of no significant difference between the
three vowels for this paranmeter. Bhuvaneshwari (1992) has found
values for /i/ to be highest followed by /u/ and then /a/. Thus,
it can be noted from the above studies that there is no

systematic vowel effect on directional shimer.

For anplitude perturbation quotient, values for /i/ (1.78)
and /u/ (1.75) are significantly |ower than those for /al/ (2.21).
This was also observed by Venkatesh et.al (1992) in nornal
adults. A simlar finding has been observed in the study
conducted by Neel u(1992) and Bhuvaneshwari (1992) on 7-year old

and 10-year old normal male children respectively.

In summary, it was observed that jitter paranmeters tend to
show hi gher values for the vowel /i/ as conpared to /a/ and /u/,
wher eas, shimer paraneters tend to show hi gher values for /al/ as
conpared to /u/ and /i/. Fromthis we my infer that vowel
producti on characteristics do affect pitch and anpl i tude
perturbation factors. For exanple, anplitude perturbations were
|arger for vowel /al/, probably because /a/ is a low and open
vowel , whereas frequency perturbations were larger for /i/ and

/ul, these vowels being high and cl osed vowel s.



Popul ati on Par anet er
JR DPF RAP (3 point)
/al lil [ ul /al lil [ ul /al lil /ul
8-year old male Mean- > 9.56 15.08 13.71 63. 59 67.9 67.97 0.0073  0.0099 0.0089
children
Adult males Mean- > 9.17 7.82 8.50 58. 28 55.7 56. 02 0. 0062 0. 0054 0.0058

I ndi an popul ation
(Venkat esh et. al

1992]

Tabl e-3: shows the nean values of the three parameters of pitch
perturbations for 30 eight-year old children and normal adult
mal es.

From the table, it may be observed that jitter ratios, DPF
as well as RAP (3-point) values for the vowels /a/, /i/ and [/ u/
are larger in <children when conpared to the normal adult
popul ation (males). This finding indicates the presence of |arger
perturbations in children probably because they have an
i nconpl ete neuronuscul ar maturation of the laryngeal nechanism
Larger perturbations in children could also be attributed to the

differences in the laryngeal structures between adults and

chi |l dren.



Ampl i tude Perturbations

Popul ati on Par anet er
Shimer (dB) DPF APO
/ al /il /ul [ al lil [ul [ al il [ul
8-year old nale Mean- > 0.338 0.239 0.217 64. 25 62. 68 59.81 2.81 1.69 1.57
children
Adult males Mean- > 0.28 0.175 0.215 60. 24 59. 46 60. 74 1. 873 1.117 1. 427
I ndian popul ation

[ Venkat esh et. al
1992]

Tabl e-4: shows the mean values of +the three paraneters of
anpl i tude perturbations for thirty 8-year old children.

From Table-4 it is clear that the values for shinmer in dB,
directional perturbation factor ( for anplitude) and average
perturbation quotient for the vowels /a/, /i/ and /u/ are higher
in children as conpared to the adults except for the paraneter
direction perturbation factor for /u/ in <children which is
slightly Jlower than that seen in adults. This again could be
attributed to the differences in laryngeal structures or poorer

control over the vocal nechanismin children.

Table-5 gives a conparison of the anplitude perturbation
quotient and relative average perturbation (3 point) of the 8
year old male children of the present study along with the data
of the 7-year old male children and 10-year old nmale children

obt ai ned by Neel u(1992) and Bhuvaneshwari (1992) respectively.



Age groups PARAVETERS
RAP( 3 poi nt) APQ
| al [l /ul / al lil [ul
7 year 0. 0063 0.0101 0.1210 2.18 1.69 1.57
8 year 0. 0073 0. 0099 0.0089 2.21 1.78 1.75
10 year 0. 0058 0.1280 0.0079 2.17 1.85 1.69

Tabl e-5: Conparison of RAP (3 point) and APQ across 3 age groups.

To know whet her the APQ and RAP val ues vary across the 3 age

groups as well as in terns of vowels, a 2-way ANOVA was

adm ni stered, followed by DWVRT.

The results of the ANOVA tests are summarized in Table-6 for

RAP (3 point).

Sour ce DF F ratio S/ ns
Ages a 2 0. 52 ns
Vowel b 2 9.24 e
I nteraction a&b 4 2.51 *
S/ Ns = Significant/not significant

* = Significant

* k% -

= highly significant

Tabl e-6 showing results of the ANOVA for RAP (3-point) across the

3 age groups
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Fromthe Table-6, the followi ng may be observed:

1) There is no significant difference in RAP (3 point) values
across the three age groups - 7, 8, and 10-year old children.
From this, we may infer that RAP (3 point) for all the three
age groups can be considered as simlar and there is no need
to have separate RAP (3 point) norns for these three age
groups.

2) It may also be observed that there is a significant difference
in RAP ( 3 point) values across vowels /al/, /i/l, & /ul. (/&
= 0.00649, /i/ = 0.0109, /u/= 0.0093)

3) W may also note that there is a significant interaction
effect across the 3 age groups and 3 vowel types.

The results of the ANOVA test for APQ are summarized in

Tabl e- 7.

Sour ce DF F ratio S/'ns
Ages a 2 0. 89 ns
Vowel b 2 20. 54 o
I nteraction a&b 4 0. 26 ns
S/ns = Significant/not significant

*kox = highly significant

Tabl e-7: Show ng ANOVA results for APQ across the 3 age groups.
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From Table-7, the follow ng observations can be made:

1) There is no significant difference in APQ values across the
three age groups 7, 8 and 10-year old children. Fromthis, we
may infer that the APQ values for all the three age groups can
be considered as simlar and there is no need to have separate

APQ nornms for these age groups.

2) There 1is a significant difference in APQ values across vowel
types and DMRT test indicated that the vowel /a/ has got the
hi ghest APQ value (2.188) followed by /i/ and /fu/ (/i/l= 1.7783,
Jul = 1.6725).

3) There is no interaction effect across vowel types and ages.

The effects of age and vowels on the other paraneters viz
jitter ratio, shimer (dB), directional perturbation factors for
frequency and anplitude across the three age groups (7, 8 and 10
years) have been studied by Bhuvaneshwari (1992) and Neelu

(1992).
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SUMVARY AND CONCLUSI ONS

Voi ce production is a conplex process involving precise
control of a series of events in the peripheral phonatory organs
by the central nervous system Fluctuations have been observed
in normal voice production which increase to a considerable
extent in pathol ogical voices. These fluctuations in voice are
termed as pitch and anplitude perturbations or jitter and shi mrer
respectively which have attracted the attention of severa

researchers.

Pitch and anplitude perturbations can be neasured using
several parameters such as jitter ratio, jitter factor, relative
average perturbations, directional perturbation factors, shimer

(dB) and so on.

Many researchers have studied pitch and anplitude perturba-
tions in normals as well as in dysphonics. These nmeasures have
proved to have trenendous diagnostic and clinical significance.
Most of the research in this area has been done on adults. Since,
children's voice characteristics differ from adults due to
possi bl e physi ol ogi cal and anatom cal variations, it seens rather
unwise to extend our know edge on the adult population to the
children without |ooking into how these aspects differ in
chil dren. Bearing this purpose in mnd, the present study was

under t aken.
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The main ains of this study were:

(1) QOotaining nornms for 6 pitch and anplitude perturbation
nmeasures in thirty 8-year old normal male children.

(a) Jitter ratio (JR

(b) Directional perturbation factor for frequency (DPF)

(c) Relative average perturbation (3 point)

(d) Shinmrer (dB)

(e) Directional Perturbation Factor for anplitude (DPF)

(f) Anplitude perturbation Quotient (APQ

(2) Conparing the data obtained for 8-year old children with that
of adult normals.

(3) Conparing the data obtained for 8-year olds with that of 7
year olds and 10-year ol ds.

Thirty normal school-going 8 year-old children who had
normal E.N.T. findings, normal intelligence, normal audi ol ogica
findings, wth no known history of voice problenms or other
rel evant history were selected for the present study. After a
practice session of 5-7 m nutes, voice sanples of phonations for
lal, [i/l and /u/ were recorded for 5 seconds and the nost stable
portion of phonation of one second was subjected to further
analysis for the 6 paraneters studied. This data was then
subjected to appropriate statistical analysis including nmean,
standard deviation, analysis of variance and Duncan's Miltiple

Range Test and the follow ng conclusions were drawn.
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Since the pitch and anplitude perturbation measurenments were
obtained for thirty normal 8-year old male children, this

data can be considered as normative for this particular age

group.

The paraneters which neasure intensity variations were higher
in case of low and open vowels /a/ whereas the paraneters
whi ch neasure frequency variations were higher in case of

hi gh and cl osed vowels /u/and /i /.

Children had higher values for both pitch and anplitude
perturbations when conpared to adults. This result supports

the view that separate nornms for children is mandatory.

Rel ati ve average perturbations (3 point) across age groups
(7, 8, & 10 years) was found to be alnpbst simlar. Thus a
single normative value is sufficient to represent this

popul ati on.

Across the three age groups, RAP (3 point) values for /i/ are

hi ghest followed by /u/ and then /al.

Ampl i tude perturbation quotients across age groups (7, 8 & 10

years) were also found to be alnost simlar.

As far as the effect of vowels across the 3 age groups is
concerned, values for /a/ was significantly higher than /[i/

and /u/ for APQ val ues.
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RECOMVENDATI ONS:

This study included only thirty 8-year old nmale children.
Thus, in order to study effect of sex on the paraneters of the
present study and to corroborate the findings of the study,
further research may be carried out in females across different

age groups.
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