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| NTRCDUCTI ON

A voice disorder in a child presents a challenge to
t hose concerned and nmany speech pat hol ogi sts feel voice
di sorders anong children are in the increase. The causes
for voice disorders in children are many. Children may
abuse or muse their voi ce by excessive tal king, screamng
or by speaking at a high level of intensity and frequency
which is not appropriate to their vocal cords. The abuse
and/ or m suse may cause vocal nodul es, vocal polyps,
hyper kerat osi s, nonspecific laryngitis. Apart fromthese,
congeni tal anonalies of |aryngeal structures, neurol ogi cal
causes, trauma tunours, infections and devel opnent al
di sorders such as hearing | oss, nental retardation and
cerebral pal sy may al so cause voi ce di sturbances in

chi l dren.

As in the case of adults, children with voi ce probl ens
al so require a conprehensive eval uation, for an effective
treatnment. A conprehensive diagnostic procedure for the
voi ce disorders whether in adults or in children consists

of the follow ng

1. To evaluate the degree and the nature of the dysphoni a.

2. To find out the etiology, its degree and extent.

3. To determne the prognosis and therapeutic procedures

t here on.



Thus a conprehensi ve eval uation of a voice disorder
IS a necessary antecedent step to a successful treatnent.
There are various objective nethods such as aerodynanmi c,
physi ol ogi cal , acoustic methods and subj ective net hods

such as rating scales to evaluate the disordered voi ce.

The vocal function being a mnulti-di mensi onal one,
there is no, one single neasure either w th which one can
nmeasure the entire aspects of it. Therefore, in a
clinical situation a battery of tests are perfornmed to
eval uate the cause and the degree of dysphonia, anong
whi ch acoustic neasurenents have received consi derabl e

attention in the recent past.

According to Kent (1976) "A though the physi ol ogic
and phonetic interpretation of acoustic data are some-
time uncertain, acoustic analysis are appropriate to test
certai n hypot hesi s about devel opnental changes in anatony,
notor control and phonol ogi cal function”. These acoustic
anal ysi s have been considered to have application in
identification, diagnosis and treatnment of devel opnent al

di sorders of communi cati on.

Acoustic analysis of the voice signal is one of the
nost attractive nethods for assessing phonatory behavi our
or the laryngeal pathol ogy because it is not only

noni nvasi ve but al so provi des objective and quantitative



data. Moreover, due to the advancenent of m croconputers
and m croconput er based instrunents acoustic analysis is

easy to perform less tinme consumng and nore reliable.

M chel and Wendhal (1971) were the first reserchers
to list many acoustic and aerodynamc correl ates of voice
and they opined that these correlates of voice have
potential to differentiate abnornal voice from nornal
voice and to differentiate nmany vocal pathol ogies from

one anot her without |ooking into the Iarynx.

Since then many nore acoustic correlates of voice
have been identified and are being identified and several
resear chers have engaged thenselves in determning the inpor-
tance of these acoustic correlates in diagnosing and

differentially diagnosing the voice disorders.

Probably of the nmany acoustic correlates pitch and
anpl i tude measurenents have been extensively studi ed.
Pitch perturbation (jitter) is a paraneter related to
fundanental frequency. Ampl i tude perturbation (shinmer)
Is a paraneter related to the vocal intensity. It is
defined as variations of peak anplitude in successive

glottal pul ses.

The voi ce produced by the vibration of the vocal cords,

t hough generally assuned to be periodic no two cycles in a



given vibration are identical. Therefore, inreality voice
I's quasi periodic. Every speaker's vibratory cycle are
erratic to some extent and this has been docunented by
several investigators. But abnornal |arynx produces nore
erratic voice than a healthy one. Pitch and anplitude
perturbations are acoustic correlates of these erratic
vibratory patterns (Beckett, 1969; p 418), that result
from di mnished control over the phonatory system

(Sorenson, Horii and Leonard, 1980).

Several researchers (More & Thonmpson, 1965; Moore
& Von Leden, 1958) have denonstrated that speakers with
vocal pathol ogies display greater pitch and anplitude
perturbations. Frequency perturbation is sufficiently
sensitive to pathol ogi cal changes in the phonatory process
and perhaps even to severe respiratory insufficiency
(Glbert, 1975). Simlarly anplitude perturbations
provi de great deal of information on the disordered voice
(Wendhahl , 1963; 1966 a; 1966 b; Takhashi & Koi ke, 1975;
Horii, 1986).

Several investigators (Lieberman, 1961; Von heden,
1963; Moore & Tinke, 1960; Hollien & Kreul 1971; Sorensen
& Horii, 1984; Horii,1984; Hollien, Mchel & Doherty,
1973; Murry & Doherty, 1980; Balaji, 1988; Venkatesh,

Sat yaand Jeny, 1992; Venkat esh, Raghunat h &Neel u, 1992



have neasured jitter and shimrer in normals and abnornal s
to evaluate the usefulness of jitter and shinmmer in the

di agnosis and differential diagnosis of voice disorders.
These studi es have generally shown that shimrer and jitter
nmeasurenents not only help in the diagnosis of voice dis-
orders, but also in early diagnosis of voice disorders.
These authors while accunulating the data for jitter and
shimer used only adults as their subjects. Thus they
have provi ded normative data for jitter and shi nmer neasure-
ments for adults with which the adult dysphonic patients
can be differentiated. To make the differential diagnosis
easi er they have al so provided scores of jitter and shi ner
for different types of dysphonic groups, such as vocal
nodul es, tunmours, cancer and unilateral recurrent |aryngea

nerve par al ysi s.

However, the data collected for the nornal adults
may not hol d good for children because of the follow ng

Feasons.

1. Children's vocal cords differ to a great extent in

nmor phol ogy fromthat of adults.

2. Speech is a neuronuscular activity. The acoustic
characteristics of speech have been found to vary

with age. These acoustic features on various aspects



of speech production indicate that the accuracy of
notor control inproves with age until adult |ike
performance is achieved at about 11 or 12 years,
sonewhat after the age at which speech sounds
acquisition usually judged to be conplete (Kent,
1976). Thus children are expected to show greater

vari ations when conpared to adul ts.

Lastly sone of the voice disorders such as hoarseness
due to vocal nodul es or polyps are nore common in
children than in adults. Therefore, there is

greater need to identify the problemearly in case

of children.

The present study was designed, to

To obtain the normative data for the follow ng pitch
and anpl i tude perturbati on neasurenents, in 10 years

old mal e children.

1) Jitter ratio

2) Drectional perturbation quotient for jitter (DPQ
3) Relative average perturbation (three point)

4) Shimrer (dB)

5) Drectional perturbation quotvent for shimer (DPQ

6) Anplitude perturbation quotvent (APQ



To conpare the values of the above jitter and shi nmer
measurenents with those of adult nornative data

(al ready available) in order to verify whether
children exhibit variation as per theoritical

expect ation.

To conpare the values of jitter and shimrer measure-
ments with 7 and 8 year old children (study being
conduct ed simultaneously by others) to see whether
these voice parameters vary with age.



REVI EW CF LI TERATURE

The vocal folds are part of an aero-acoustic
oscillator that provides the acoustic excitation, source
for voiced speech. The health of the vocal folds which
affect the quality of the sound produced by the oscill a-
tor is a major concern. This concern nmakes acoustic neasures
of the quality of the oscillations produced by the vocal

folds a matter of considerable interest.

The heal thy vocal folds forma well bal anced system
that produces nearly periodic oscillations. The |ungs
whi ch are source of energy for sustained phonati on.
provi de adequate anmount of air and this is done directly
under the supervision of Central Nervous Systemw th
necessary neuro-nmuscul ar co-ordination. This helps in
mai nt ai ni ng conti nuous vibration of the vocal folds.
Though the voi ce produced by the healthy vocal folds
I's expected to be periodic, it is not soinreality.

No two cycles in a given vibration are identical and

hence voice is quasiperiodic in nature.

As early as in 1927, Sinon reported that there are
no tones of constant pitch in either vocal or instru-
mental sounds and suggested that the phonatory system

Is not a perfect nachine and every speaker's vibratory



cycles are erratic to sone extent. Even the nost
serious attenpt by a speaker to produce steady phonation
w th constant pitch, loudness and quality results in
perturbations in fundanental frequency, anplitude and
wave shape of the speech signal. The snall variations
(perturbations) in anplitude and period-time fromcycl e-
to-cycle in the speech waveformare known to be natural

i ngredient in normal speech (Lieberman, 1961). These
perturbations in fact are inportant for the natural

qual ity of speech synthesis (Hol ns, 1962). The cycle-to-
cycle variation in frequency has been terned as jitter
and cycle-to-cycle variation in anplitude has been terned

as shi nmer.

The variations in pitch and anplitude are probably
due to the periodicity of the neuronmuscul ar phonatory
control system (Schultz-Coul on, Baltner, & Fedders,

1979). The pitch and anplitude perturbations are dis-

pl ayed both in nornmal voi ces and pat hol ogi cal voi ces
(Moore & Thonpson, 1965, Mdore & Von Leden, 1958). Addi -
tionally the speakers wi th vocal pathol ogi es denonstrated
greater perturbation val ues than normal speakers (Deal &
Emanuel , 1978; Iwata & Von Leden, 1970). |Its known t hat
perturbations with | arge nmagni tude give rise to a rough

voi ce quality.
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Many investigators have tried to explain the physio-
| ogi cal processes behind the pitch and anplitude neasure-
ments. Structural and bi omechani cal asymmetries of the
vocal folds are known to contribute perturbation (H rano,
Ki ki, I'mazzum, Kakita & Matsushita 1979, |shizaka and
| sshi ki, 1976; Isshiki, Tanabe, |shizaka & Broad, 1977).
The random effects of |aryngeal mucous and airflow al so

contribute to perturbation (Broad, 1979; Titze, 19883a).

Baer (1978, 1980) has explained that vocal jitter
results fromthe inperfect integration of the forces
generated by individual |aryngeal notor units and is
thus associated with the inherent sloppiness of nuscle
excitation. Titze (1988 a, b), Larson & Kenpster (1983)
and Larson, Kenpster & Kistler (1987) have supported the
noti on that slight changes in the vocal fold |Iength and
stiffness caused by intrinsic |aryngeal nuscle, single
motor unit tw tches can and do affect vocal fundanental

frequency to vary to a great extent.

Sonme of the sourcess of perturbation which are

| isted by Askenfelt & Hammarberg (1986) Kenpster (1984)are

a) Randommess in the action potentials of |aryngeal
nuscl es, creating fluctuations in the nuscle forces

and configuration of the |arynx.



b) Randommess in the distribution of nucous on the folds

and asymmetries in vocal fold structures.

c) Randommess in the flow energing fromthe glottis

(Instability and turbul ence).

d) Irregularity in source and tract interactions that

stemfromnonstationary articulatory configurations.

Factors influencing jitter and shi nmer

The perturbation neasures are likely to be affected
by a nunber of jitter and shi mmer produci ng phonatory
variables. Sone of these are normal phenonena of voice

production while others are of pathol ogical origin.

Speci fic phonatory conditions such as soft versus
hard voice initiation and termnation, intensity, funda-
nmental frequency and duration have been shown to affect
the resulting jitter or shinmrer nmagnitudes (Hollien et,
al ., 1973; Horii, 1979; Jacob, 1968; Koi ke, 1973; Mont go-
mery, 1967). Voice onset and termnation characteristics
have much greater frequency perturbation than the m d-
streamof a sustai ned phonation (Lieberman, 1961, Horii,
1973). If the mddle 3 seconds interval of each phonation
I's anal yzed there would be soft initiation and termnation,
Koi ke (1973) studied nornmal nen and wonmen and found t hat

steady state phonation had a nean rel ati ve average pertur-
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-bation of 0.0046, the first 17 glottal cycles of a norma

soft vocal initiation had a frequency perturbation of 0.0276,
when neasured the sane way. Unless voice onset itself

i s the phenonenon being examned, clinicians will want to
eval uate sustai ned vowel no less than a half second or so,

after voice initiation.

Horii's (1979) data show that dividing absolute fre-
guency perturbation by the nmean fundanental frequency
tends to over conpensate for the change in jitter with
fundanental frequency, Hollien, Mchel & Doherty (1973)
have observed t he same phenonenon in the jitter factor.
Therefore, we shoul d expect rel ative perturbation to be
somewhat hi gher in higher frequency voi ces while absol ute
jitter magnitude shoul d decrease w th increasing fundanental
frequency. The shimrer values for 2 different frequencies
100 Hz and 200 Hz in Horii's study didn't differ by nore
than 0.01 dB. Horii (1985) reported that fry phonation
was characterized by considerably greater jitter than

nodal phonati on.

Jacob (1968) found that jitter ratio tended to
decrease with increasing vocal intensity. This aspect
of relative pitch perturbation has not been explored in
detail but it would seemprudent to do all measurenents

at a standard intensity level. Vocal intensity |evels



shoul d neither be extrenely low or extremely high i.e.

t hey shoul d be confortable according to the subject's
report and the required phonatory duration of 5 seconds
should al so be well within the subject's capability
(Ram g, 1980). |If the subjects were to phonate at a
specific intensity and/or as long as possible the jitter

or shimer values are expected to increase.

The question of if jitter varies systematically
across different vowels is as yet unresol ved. WI cox
and Horii (1980) and Horii (1980) found /a/ and /i/ had
significantly greaterjitter than /u/. But Johnson and
M chel (1969) observed a tendency for high vowels to show
greater jitter than low ones. Horii (1982) failed to
validate any significant differences in nmean jitter across
10 English vowel s. Sorenson and Horii (1983) found signi -
ficantly nore jitter for /i/ than for /u/ and /al as

produced at confortable pitch and | oudness by wonen.

Shi mrer val ues al so change according to the vowel s
I n which they are neasured. Yoshiyuki and Horii (1980)
studi ed vocal shimmer during the sustained phonation of
/al, /il and /u/ in 31 adults nal e speakers using an
automatic anal ysis program The average shi mrer was the
| owest for /u/ with 0.36 dB, highest for /a/ with 0.47dB

and internmediate for /i/ with 0.37 dB. Overall average



shimer was 0.39 dB for the three vowel s. Newnan Keul s
test showed that the observed shimrer for /a/ was greater
than /i/ and that the jitter for /i/ was greater than /a/
and /u/. Zenblin reported a significantly greater jitter
for /a/ than /i/. So conparisons of jitter and shi nmer
val ues are nost safely done only for measurenents of the

sane vowel .

Horii (1979) and Ban CGaft (1979) discussed tenpor al
and anplitude resolution and signal to noise ratios of
the anal ysis systens are al so inportant considerations in

jitter and shi nmer neasurenents.

The next factor is sex related one. Sorenson and
Horii (1983) points to the possibility that adult fenal es
may normal |y have nore vocal jitter than nen, at |east
for sone vowels. They studied jitter and shimmer in 20
adult females. The results showed overall average jitter
of 0.84% and shimer was 0.25 dB. Significant differences
between nale and fenales in terns of jitter and shi ner
was found. The findings of this study says that nornma
adult femal e speakers have nore jitter and | ess shi mrer
than nornmal adult nale speakers. So even on such fine
| aryngeal behavi ours such as jitter and shimer there
are significant differences between the sexes and this

seens to indicate that nornmati ve data for both mal e and

14
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voi ces separately need to be devel oped.

Lorraine A Ramg and Robert L. R ngel (1983)
studied jitter and shimer in the elderly and conpared
their values with the adult values. They studied 48 nen
representing 3 chronol ogi cal age groupi ngs (25-35, 45-55
and 65-75) and two | evels of physical condition (good and
poor). Subjects in good physical condition produced maxi -
mum vowel phonation duration with significantly |ess
jitter and shimrer and had | arger phonation ranges than
did subjects of simlar chronol ogi cal ages who were in poor
physi cal condition. These differences were nore apparent
inthe productions of the elderly subjects (65-75 yrs).
In their study shimrer was the only acoustic neasure that
varied significantly between younger (25-35 yrs) and the
elderly (65-75 yrs) subjects. No significant age rel ated
di fferences were observed on nean fundanental frequency,
jitter or maxi mum phonation w th advanci ng chronol ogi cal
age. Wile chronological aging is undoubtedly a contri bu-
tor to changes in the acoustic characteristics of voice,
the results of this study suggest that age rel ated changes
i n body physi ol ogy or physiol ogi cal aging al so nust be
consi dered. Changes in voi ce fundanmental frequency, maxi -
mum phonat i on range, average jitter and shi nmer which are
believed to reflect age related physical changes in the

| aryngeal mechani sm have been wel | docunented (Enders,
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Banbach, & Fl osser 1971; Hollien & Shipp, 1972; Msak,
1959; Segre, 1971; Wlcox & Horii, 1980).

Hollien et. al.,(1973); Horii, (1979 & 1982), Sorenson
and Horii (1983), Carper (1984) found jitter (% in infant
vocal i zations is three to four tinmes greater than that
observed in adult vocalizations and roughly tw ce that

reported for elderly subjects (WIlcox & Horii 1980).

Qilikoff and Baken (1989, b) have found that the
heart beat accounted for about 7% of the measured frequency
perturbation in the voices of normal adult nen ranging
from approxi mately 0.5%to al nost 20%for a gi ven phona-
tion. These data indicate that the reliability of jitter
neasurenents is non-randomy influenced by heart beat
rel ated phenonena. Titze (1988, 1989) said it woul d seem
reasonabl e to assunme that there may be heartbeat rel ated
nmodul ati on of the sound pressure of a prol onged phonation

and consequently contam nation of the shimrer neasurenents.

Davi d Sorenson and Yoshi yuki, Horii, Rebecca Leonard
(1980) studied | aryngeal topical anesthesia on voice
fundanental frequency perturbation. They studied five
adult nmales. The results showed that the average jitter
was significantly greater under the anesthesia than under

normal conditions and that the jitter difference between
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the two conditions was nore prom nent at high frequency
phonations. In this study Sorenson and Horii tried to
explain the | aryngeal mechano receptors contributions to

vocal fold tensions.

Gould and Ckamura (1974) reported increased glottal
resi stance under topi cal anesthesia of |aryngeal nucosa.
These equi vocal findings resulted because sone phonatory
tasks did not tax the phonatory mechani sns enough or
because the physiol ogi ¢ acoustic or perceptual variables
exam ned were not sensitive enough to reveal subtle
sensory contributions to phonati on. These studi es show
evi dence that the deprivation or reduction of |aryngeal
tactile feedback disrupts intricate frequency control

nmechani sns and results in deviation fromnormal voi ce.

Factors such as heredity (Bourtiere, 1970; Wbodruff
and Birrea, 1973) lifestyle and diet (Bourliere, 1970;
Mann, Shaffer, Anderson and Sanstead, 1964) and exerci ses
(deVries, 1974; Smth and Bi erman, 1973; Spirduso, 1980;
Shepard and Si dney, 1980) have reported to affect the
ori cess of physical change associated with aging and

hence voi ce t oo.

Thus factors such as age, sex, fundanental frequency
of voice, intensity of voice, voice initiation, termnation,
tactile feedback to the vocal folds, phonovascul ar factors,

etc. influence the jitter and shi nmer neasurenents.
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The neur ophysi ol ogi cal and perceptual significance of
jitter and shinmmer even with the recent acceleration

of research inthis area (Heiberger & Horii, 1980;

Hol lien, Mchel & Doherty, 1973; Horii, 1979; 1980;
Ludl ow, Coul ter & Cardano, 1979; Ram g, 1980; Sorenson,
1980) is not well understood. However, these neasure-
nents have been intensively studied in nornmals and
dysphoni cs and recently bei ng used extensively for

di agnosti ¢ pur poses.

The pitch and anplitude perturbations can be neasured
by acoustic anal ysis procedures. Acoustic analysis is
obj ective, non-invasive and because of the advancerent in
technol ogy in mcroconputers, it is easy, less tinme

consumng and nore reliable.

Jitter is not a sole diagnostic criterion. It
doesn't account for all of what the |istener perceives
in the disordered voice. Far fromit factors such as
anpl i tude perturbati on (Wndahl, 1963; 1966 a, b; Takhashi,
& Koi ke, 1975; Horii, 1988), Spectral noise, glottal
wavef orm changes, account for a great deal, perhaps nost
of what is heard as abnormality. But frequency perturba-
tion is sufficiently sensitive to pathol ogi cal changes in
t he phonatory process and perhaps even to severe respi-

ratory insufficiency (Qlbert, 1975).
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Li eberman and hi s col | eagues (Liebernman, 1961, 1963;
Li eberman & M chael s, 1962; WR Smth & Li ebernman, 1969)
conducted the pioneering studies of detecting |aryngeal
pat hol ogy by waveform anal ysis. Based on the anal ysis
of connected speech produced by nornal s and pat hol ogi cal
subjects (wth laryngeal polyps, nodul es and cancer)
Li eberman suggested a perturbation factor (PF) as an indi-
cator of laryngeal pathologies. Hs study of frequency
perturbation tended to confirmthe observation of \Von
Leden, Moore, & Tineke (1960); that the normal vibratory
patterns of the vocal folds are disrupted in the presence
of laryngeal pathology and in particular that there is
greatly increased tendency for rapid and frequent |apses

of vibratory regularity.

Specifically, Lieberman (1963) reasoned that

frequency perturbations reflect.

1. Changes in glottal periodicity

2. alterations of the glottal waveform

3. Variations of vocal tract
Configuration that result in phase shifts of the acoustic
wave. The first of these was considered to produce cycl e-
to-cycle period differences greater than 0.5 nsec.
Li berman therefore produced an index that he called the

perturbation factor defined as integral of the frequency



distribution of t > 0.5 ns i.e. the perturbation equal

to or greater than a half mllisecond.

He opined that the perturbation factor may well turn
out to be useful as a screening nmeasure for detection of
| aryngeal disorder since it is sensitive to the size and
| ocation of pathologic growths in the speaker's |arynx.
When growt h occurs on the speaker's vocal cords the
di fferences between the perturbation factors of the nornal
and pat hol ogi c |arynges are proportional to the size of
the pathologic growths as |long as the growths don't
interfere with nornal closure of the vocal cords.
I nflammat ory conditions and very snmall nodul es have in

general conparatively snall effect on either of the

20

perturbation factor or on the acoustic waveform (Liebernan,

1963) .

In the recent past there is a considerabl e body of
literature that asserts the useful ness of frequency and
anpl i tude perturbation nmeasures in evaluation of |aryngeal
and vocal pathology (Kitajinma, Tanabe, and Isshiki, 1975;
Davis, 1976; Horii, 1970; Liebernman, 1961, 1963;

Hecker & Kreul, 1971; K ingholz & Martin, 1983; Hartnmann
& Von Cranon, 1984; ZzZyski, Bill, MDonald & Johns, 1984).
I ncreased pitch and/or anplitude perturbations were also

found to be associated w th hoarseness and have been
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positively correlated with severity of pathol ogy and per -
ceptual roughness ratings (Coleman, 1969; Deal &

Emanuel , 1978). There are different jitter and shi mrer
neasurenents putforth by several authors like jitter
ratio, jitter factor, DPF, APQ FPQ Hecker and Kreul (1971)
found directional perturbation was sensitive enough to

di stingui sh between normal s and dysphonics. Mirry &
Doherty (1980) reported that directional perturbation was
the single nost effective paraneter for separating two
groups of normals and | aryngeal cancer patients. Koike
(1973) stated the clinical inplication of relative

average perturbation. |In 1975, Takahashi and Koi ke (1975)
I ntroduced acoustic correlates such as anplitude pertur-
bati on quotient and frequency perturbati on quotient.

Deal & Emanuel (1978) suggested that cycle to cycle varia-
tions in anplitude may provide a better index of

per cei ved roughness of voice than cycle to cycle vari a-

tions in period.

Venkat esh, Satya and Jeny (1991) based on di scri m nant
function analysis found that shimmer (dB) and anplitude
perturbation neasurenents respectively and jitter ratio,
rel ati ve average perturbati on and deviation fromli near
trend anong pitch perturbation neasurenents respectively
were the best discrimnating neasurenents between nornal s

and dysphonics. The clinical inplication of their study
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Is to use shimrer (dB) as a screening device for voice

di sorder to econom ze ti ne.

Jacob (1968), Hollien, Mchel & Doherty (1973),
Koi ke (1973), Horii (1979) reported that nonpat hol ogi c
speakers appear to have average perturbation (jitter)
of 1%or less during the mddle portions of the sus-
tai ned vowel phonation. Hollien, Mchel & Doherty
(1973) studied jitter factor in 4 subjects and found
it to be 0.48, 0.76, 0.85, 2.67 and fundanental frequency
of 102 Hz, 142 Hz, 198 Hz and 276 Hz respectively.
Mirry & Doherty (1980) studied jitter factor in five
nmal e subjects and found nean fundanmental frequency to
be 115.3 and jitter factor to be 0.99. Horii(1984)
studied jitter ratio in 6 nornmal subjects and found

jitter ratio to vary from5.3 to 7.6.

Zenblin (1962) investigated the variations that
occured in the period (T - 1/f) of the vocal folds
vi bration during the production of prolonged sounds. In
a popul ation of 33 subjects he found that cycle-to-cycle
differences in period ranged from0.2 to 0.9 nsec, wth
a nmean of 0.41 nsec for a sustained vowel /a/. Wile
these variations are not |arge they suggest that very
slight changes in the vocal fol ds occur during the course

of nornmal vibration. As long as the vibrations fall



withincertaincritical limts, a slight cycle-to-cycle
differences in vibratory period (jitter) do not produce

adverse effects in the perceived voice quality.

Sridhara (1986) studied young nornal nal es and
females for jitter in nsec. for various vowels and gave

the following results.

Table 1.: Jitter (nsec.) given by Shridhara (1986)
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Subj ect s Jitter (nsec)

/al [il /ul
Men 0. 065 0.11 0. 067
Vnen 0. 058 0.03 0. 048

Hecker and Kreul (1971) found directional perturba-
tion (jitter) factors ranged from27. 7%to 39.2%w th a
nmean of 33. 3%for a group of non-pathol ogi cal speakers.
The nmean directional jitter for the normal group was

58. 5%wi th a range of 45. 8%to 65. 3%

Sorenson & Horii (1984) found directional jitter
val ues to be 47. 3%whi ch was averaged across the vowel s
was 47.3%for the nmen and 51. 2%for the wonen. These
val ues were | ower than those calculated for the five
normal subjects in the Murry and Doherty study. The

differences in the val ues between the two studi es has
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been attributed partly to the age differences in the
subjects. Sorenson & Horii (1984) studied directional
jitter innormal adults. Their results are tabul ed

bel ow.

Table 2. Drectional jitter by Sorenson & Horii (1984)

Vowel s
a i u
Men 46. 24 49. 26 46. 37
Wonen 48.79 52. 77 52. 04

Murry and Doherty (1980) found directional jitter
factor for the nornmal subjects was 58.5%w th a range of
55.1%to 76. 7% The values fromthis study are substan-
tially higher than the correspondi ng val ues of Hecker and
Kreul (1971). The differences were attributed to the
test materials utilized and to the anal ysis techni ques

of the researchers.

Rel ati ve average perturbation was studi ed by Koi ke
(1973) for seven nornmal nal e subjects and was found to be
0. 0051. Venkatesh, Satya and Jeny (1992) studied jitter
ratio, directional perturbation quotient for jitter and
rel ati ve average perturbation (3 point) in nornmal |ndian

adult males and females. They found jitter ratio to be
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9.17, 7.8 and 85 for /a/, /i/ and /u/ respectively in
males and 9.17, 7.8 and 8.5 for /a/, /i/ and /u/ respec-
tivelyinfemales. Drectional jitter was 58. 28, 55.99,
and 57.48 for /a/, /i/ and /u/ in nales respectively and
58.28, 55.7, and 56.02 for /a/, /i/ and /u/ in fenales
respectively. RAP (3.) was found to be 0.0058 for /a/,
0.0053 for /i/ and 0.0061 for /u/ in males and 0.0062 for
/al, 0.0054 for /i/ and 0.0058 for /u/ in fenales.

Shi mrer neasurenents in nornmal s have al so been
studi ed by various investigators. Vocal shimrer during
t he sustai ned phonation of /a/, /i/ and /u/ was investi -
gated for 31 adult nmales using autonatic anal ysis program
by Horii (1980 a, b). He also studied 20 normal femnal es
(1980 b). The findings of his study is given in Table 3.

Table 3. Data on shimmer (dB) by Horii (1980 a)

[ al [il [ul Overal |
Men 0. 47 0. 37 0.33 0.39
Wnen 0.33 0.23 0.19 0.25

Sridhara (1986) studied young nornal nales and fenal es for

shimrer (dB) and reported as in Table 4.
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Table 4. Data on shimrer dB by Shridhara

[ al [il [ ul/
Men 0.33 0. 066 0.15
Vonen 0.7 0.37 0.44

Kitayama and Gould (1976) reported that average shi nmer
i n nornmal phonation is in the order of 0.1 dBwth a

critical value of 0.19 dB.

Venkat esh, Satya and Jeny (1992) studied in 30 adults
mal es and 30 adult fenal es shimer (dB), directional pertur-
bati on quotient for anplitude and anplitude perturbation
nmeasurenents in nornmal adult nmales and females. They found
shimmer (dB) to be 0.28 for /a/, 0.175 for /i/ and 0.215 for
/ul inmales and 0.252 for /a/, 0.198 for /i/ and 0.184 for
/ul infemales. DPQ(shimmer) for /a/, /i/ and /u/ were
60. 24, 59.46 and 60. 74 respectively in nmal es and DPQ
(shinmrer) for /a/, /i/ and /u/ were 64.75, 65.85 and 66. 06
respectively in females. APQwas found to be 1.873 for
lal, 1.70 for /i/ and 1.427 for /u/ in males and 1.799
for /a/, 1.367 for /i/ and 1.284 for /u/ in fenales.
Sorenson and Horii (1984) studied directional perturbation
factor for shimer in adult nornmal nmales and fenal es and

gave the data as in Table 5.
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Table 5. Drectional shimrer data by Sorenson and

Horii (1984).
[ al [il [ ul
Men 59. 46 58.91 61. 63
\Vdnen 63. 13 59. 76 61. 71

Anpl i tude perturbation quotient was studi ed by Takahashi,
Koi ke and Cal caterra (1977) and was found to be 40.3 in
males and 32.9 in females. They studied 7 normal nal es
and 2 normal fenales,Davis (1979) found APQto be 5.97

innmales and 6.81 in fenal es.

Many researchers have studied the pitch and anplitude
perturbation nmeasurenents in dysphonic subjects. More
and Thonpson (1965) gave jitter values of 0.3 nsec. (4.9%
for several hoarse voice and 0.06 nsec. (1.14% for
noder at el y hoarse voi ce. Wndhahl (1932) found very
slight frequency variations as little as one cycl e/ second
around the nedi an sounded rough and the nagnitude of
j udged roughness was directly related to the frequency

di fferences between successful cycles.

Sonesson (1967) reported that patients with |aryngeal
hem - paral ysis show a | arge anmount of shinmrer val ues than

normal jitter values. Kitajima and Gould (1979) reported



28

that shimrer values vary from0.08 to 3.23 dB in subjects

wi th vocal polyps.

Balaji (1988) studied jitter and shimrer in 10 dyspho-
nic nmales and 8 dysphonic fenal es, and conpared themw th
normal s. Dysphonic mal e group and dysphonic fenal e group
exhi bited greater jitter than nornal nale group and nor nal
femal e group respectively. These results were in agreenent
w th Sorenson (1967), Kitajina and Gould (1976) and
Chandr ashekar (1987). Qeater jitter val ues were obtai ned
I n dysphonic nales and fenmales with narrow glottic chink
t han ot her types of pathol ogi es such as recurrent | aryngeal
nerve (unilateral) pal sy, vocal polyp, laryngitis and vocal
nodul es. Dysphoni c nal es exhi bited greater shimrer than
dysphonic females. Al dysphonic nal es exhibited greater
shi nmer when conpared to nornmal nmales. Narrow glottic
chink exhibited the greatest shimmer value of all types
of dysphonic nmal es. Dysphonic fenmal e group with any of
the types of voice disorders exhibited greater shimrer than

nornmal femal es but |ess than dysphoni c nal es.

Hecker and Kreul (1971) studied directional perturba-
tion factor for jitter in subjects with [aryngeal cancer and
found the nean directional factor to be 64.5%w th a range

of 55.1%to 76.7%
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Joanne Robbins (1984) studied different variables in
| aryngeal oesophageal and TEP speakers and found that the
esophageal group was significantly different fromthe TEP

and | aryngeal group.

In sumary variations in jitter and shimrer are pre-
sent in normal voice too. There seens to be nmany factors
I nfl uencing pitch and anplitude perturbations, including
sex, age frequency of voice etc. There are variations of
basic pitch and anplitude perturbation factor |ike,
jitter ratio, directional jitter,directional shimer and
APQto nanme a few. Al these acoustic correl ates have
be nmeasured both in nornmal and pathol ogi cal voices, with the
aimof arriving at a quick screening device for the early
detection of |aryngeal pathol ogies. Though these paraneters
have been studied extensively in adult popul ation yielding
a desirable result, the review of literature suggest that
data on various paraneters of pitch and anplitude perturba-
tion factors in children have not been docunented. Hence,

the present study.
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METHODALOGY

Several investigators have studied the pitch and
anpl i tude perturbation nmeasurenents, both in nornal
subjects and in subjects with |aryngeal pathologies. The
results of these studies show that pitch and anplitude
perturbations are larger in subjects with |aryngeal
pat hol ogi es. These finding suggest that perturbation
neasur enents of frequency and anplitude can be used in the
di agnosi s of laryngeal disorders. So the need was felt

to establish nornmative data for different age groups.

The present study was ained at establishing
normati ve data for the follow ng pitch and anplitude perturbation
neasurenents in thirty 10 years old male children, as
there was no data avail able on these perturbation neasure-

nments in children.

|. Pitch Perturbation Measurenents

(a) Jitter Ratio is the nean perturbation divided by

t he mean wavef orm durati on when done in terns of period

(Horii, 1979).

(b) Drectional perturbation factor for jitter takes into

account only the direction and not the magnitude. It is
defined as the percentage of of the total nunber of
differences in frequency for which there is a change in

al gebrai c sign (Hecker & Kreul, 1971).



(c) Relative average perturbation (three point) is defined

as conparative average of change at three different points,

It was given by Koi ke (1973).

1. Anplitude Perturbation Measurenents:

(a) Shinmmer (dB) is defined as cycle to cycle variation

I n anplitude neasured in deci Bel s.

(b) Drectional perturbation factor for anplitude takes

Into account only the direction and not the magnitude.
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: It was given by
Takahashi and Koi ke, (1971)and Cal caterra(1977). This

neasure i s analogous to the RAP originally devised by
Koi ke (1973). The function uses an 11 point average for

snoothing and is defined as

- 5 A oo e oM, /
APQ = I T I "“1/
A -A-
n-10 - i
= 6 ,
& s + csecscace +“\i+5
-1r n
- = Ay
1l = 1
Were A = Peak anplitude of each wave

nunber of waves neasure.

-}
I
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Subj ect s

Thirty ten years old nornal nale children ranging from
10.2 yrs to 10.11 yrs served as subjects for the study. The

subj ects were chosen based on the following criteria.

(1) MNormal E NT. findings

(ii) Nornmal audiol ogical findings

(iii) Normal intelligence

(iv) No known history of voice problem vocal abuse or other

rel evant vocal history.

Speech Sanpl e:

Speech sanpl e consi sted of phonation of the vowel s
/al, il and /u/ for five seconds. The subjects were
required to phonate the three vowel s by keepi ng the voice
as steady as possible and at habitual frequency during the
phonation. They were required to phonate the three vowel s
/al, i/ and /u/, thrice and hence the speech sanpl e
consi sted of 9 phonations of 5 seconds each per subject.
It was intended to take mddl e 3 seconds phonation for

pitch and anplitude perturbation anal ysis.

Recor di ng

The subjects were seated confortably in front of a
m crophone situated in a sound treated room The m cro-

phone was connected to a digital tape recorder (Sony )



33

The subjects were instructed to phonate the vowels /a/,
/i/ and /u/ for 5 seconds at habitual pitch and at com
fortabl e | oudness. There 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, with the aid of vocal Il prior to the
recording. This helped the children to produce steady
phonati ons. The distance between the speaker's nouth
and the m crophone was 15 to 20 cns, during recording.
For each phonation sufficient tine gap was given for the

intake of air for the next phonation.

Pitch and Anplitude Perturbation anal ysis

(Schematic di agram
Pre ~ ADC
amplifier 20,000 Hz

/J

12 bit
V&S

LPF
at 510 Hz |

DAT

Computer

PC - AT
ol 386

The output of the tape recorder was | ow pass filtered

at 500 Hz and fed to an A/D converter for digitization.
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The digitization was done with a sanpling frequency of
20 KHz using a 12 bit ADC cord. The digitized phonation
were stored in a PG AT 386 and was anal yzed for the

foll owi ng perturbati on measurenents using Vagni soft-

war e devel oped by voi ce and speech systens, Bangal ore.

(i) Jitter Ratio

1 n-1
SR o BT 121 Py =Py 41
oie - x 1000

1
= P
nooia B

P, = Period of i'" cycle in M5
n = Nunber of periods in the sanple

(it) Drectional Perturbation Quotient for jitter

DPQis the total is the percentage of total nunber
of differences for which there is a change in algebraic
si gn.

sign change count
Total number of differences in period

DPF =

(iii) Relative average perturbation

n =1
1 :
=2 2%1'2 /P1-1+P;+P1+1'P1/
= 3

1o
" = Py
11

o
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(iv) Shirmmer (dB)

n-1
e -4 /zoﬁog {Ai/Ai + 1) /
n=-1

(v) Drectional perturbation quotient for shimmer

DPF = Sign change count
‘otal number of differences in amplitude

1 n - 5 Ai_5+Ai_t‘_+o-o.oIAi + vis
- 10 fT_E = A
APQ = n = a® 00 0sd Ai*5 i

A
—, A:
A f=1 1
Anal ysis of all the above 6 paraneters were done and the

val ues were recorded.

Statistical Analysis

The followi ng appropriate statistics were applied to

the data obt ai ned,
(i) Mean
(i1) Standard deviation

(iii) Anova foll owed by DVRT.



RESULTS AND DI SQUSSI ONS

The purpose of the present study was to obtain pitch
and anplitude perturbation values for thirty 10 years old
normal male children. The values obtained for the pitch
perturbation nmeasurenents such as jitter ratio DPQ for
jitter, and RAP (3 pt) and for anplitude perturbation
nmeasur ements such as shimrer (dB), DPQfor shinmer and
APQ for the three vowels /a/, /i/ and /u/ are shown in

Tabl e 6.

Since the values of the six pitch and anplitude
perturbation were obtained, for 30 nornmal 10 year old
nmal e children, the obtained data which was given in
Tabl e 6, may be considered as nornative data for that

age group.

To know whet her the six paraneters differed with
respect to each vowel (/a, /i/ and /u/) one way ANOVA
was admni stered separately for each paraneter. The
results of the six ANOVA tests have been summarized in
Table 7. Fromthe table 7 we nmay observe that all the
6 paraneters differed with respect to vowels. The one
way ANOVA test was followed by DMRT (Duncan's Miltiple
Range Test) to find out how the nean val ues of each vowel

differed for each paraneter studied.
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Table 7. The results of one way ANOVA for the six

paraneters of the present study.

Signi fi cant/ Not

Par aneters DF F-Ratio Signi fi cant
Jitter Ratio 2 o
57. 40 H ghly significant***
87
.. 2
DPQ (jitter) g7 47. 36 H ghly significant***
2 L
RAP (3 pt) 87 10. 79 H ghly significant**
_ 2
Shi nmer (dB) 87 5.19 H ghly significant**
. 2 S
DPQ ('shi mmer) 87 3.73 Significant*
2 o
APQ 5.78 H ghly significant**

87




39

(i) Jditter ratio:

Jitter ratiofor /a/ was 9.11, /i/ was 14. 54, and
/u/ was 13.36 in 10 year in 10 years old nmal e children
(Table 6). There was a highly significant difference
between jitter ratio of /a/ as conpared to jitter ratio
of /i/ and /u/. There was no significant difference
found between jitter ratio of /i/ and /u/. S mlar
pattern was observed in 7 years old normal nal e children
(Neelu, 1992). On the other hand jitter ratio val ues
were significantly different for all the three vowel s
/al, /il and /u/ inthe 8 years old normal nale

children (Sai Prasanna, 1992).

However, Venkatesh et.al., (1992) reported that
jitter ratio was highest for /a/, internediate for /u/
and |owest for /i/ for adult popul ation. W note in the
present study, the jitter ratio was highest for /i/,

intermedi ate for /u/ and | owest for /al.

The question of whether jitter varies systenatically
across different vowels is as yet unresolved. WI cox
and Horri (1980) and Horii (1980) found that /a/ and
/1] had significantly greater jitter than /u/, whereas
Johnson and M chel (1969) observed a tendency for high
vowel s to show greater jitter than | ow ones, across 10

English vowels. The results of the present study support



40

t he observation of Johnson and M chel (1969), Very recently
Sorenson and Horii (1983) while studying adult fenales,
al so observed that high vowels tend to have a hi gher

jitter val ues.

(i) Drectional Perturbation Quotient (DPQ for jitter:

BPQ (jitter) for /al was 62.78 /i/ was 68.54 and / u/
was 68.43 (Table 6) . There was a highly significant
di fference between the DPQval ues for /a/ as conpared to
/il and /u/. DPQfor /i/ and DPQfor /u/ are not signi-
ficantly different fromeach other and they are greater
than DPQvalue for /a/. Simlar patterns were observed
in 7 years old normal mal e children (Neelu, 1992) and

8 years old normal male children (Sai Prasanna, 1992).

On the contrary, data on Indian adult normal nal es
(Venkatesh et. al., 1992) show that DPQfor jitter was
hi ghest for /a/, internediate for /u/ and | onest for

[il.

In addition, data on western nornmal adult nale
popul ation (Sorenson and Horii, 1984) show that direc-
tional jitter was highest for /u/ as conpared to /al
and /i/ which contradicts this study. The reason for

this discrepancy is not expl ored.

Fromthese studies we may conclude that there
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seemto be no systenatic effect of vowel difference on

directional jitter.

(iii) RAP (3 point)

RAP (3 pt) value for /a/ was 0.00585, /i/ was
0.01282 and /u/ was 0.00786 (Table 6). There was a
highly significant difference between the RAP (3 pt)
val ues of the three vowels /a/, /i/ and /u/. S mlar
pattern was observed both in 7 years old (Neelu, 1992)
or 8 years old (Sai Prasanna, 1992) nornal children.
RAP (3 pt) was highest for /i/ in the present study
where as it was observed that RAP val ue was hi ghest for
/al in Indian nornmal adult nal es (\Venkatesh et, al.,

1992) .

Again here, children data do not agree with adult

dat a.

(iv) Shinmer (dB)

Shimrer (dB) for /a/ was 0.31, /i/ was 0.24 and
/ul was 0.242 (Table 6). There was a highly significant
difference for shimrer (dB) values for /a/ as conpared
to/i/ and /u/. 1t was found in present study that
shimer (dB) was highest for /a/ and a simlar pattern
was observed in Indian normal adult nal e popul ation.
(Venkatesh et. al., 1992). Shimer (dB) for /al/l was
observed to be higher in Horii's (1984) data on adult



normal mnal e popul ati on.

Thus, all the studies agree that vowel /a/ has the
hi ghest shimrer (dB) val ue, when conpared to the vowel s
/1] and /u/ and this probably nmay be related to the
degree of opening of the oral cavity during the articu-

| ati on of the vowel .

(v) Drectional Perturbation Quotient for shimrer

DPQfor shimmer was 62.71 for /a/, 66.09 for /i/
and 63.24 for /u/ in 10 years old norrmal mnale children
(Table 6). DPQfor shimrer is highest for /i/ and it is
significantly different fromDPQfor /a/ and /u/, in
this study. D rectonal shinmrer was observed to be
hi ghest for /i/ in Sorenson and Horii's (1984) data
whi ch agrees with the present study. On the other hand
I n adult |ndian nornmal nal e popul ati on (\Venkatesh, et.al.,
1992) it was observed that /u/ had the highest directional
shimrer. Thus in all the studies the tense vowels /i/ and
/u/ has shown greater directional shimrer than the | ax

vowel [ al.

(vi) Anplitude perturbation quotient

APQfor /al was 2.17, /i/ was 1.84 and /iV was 1.69
in 10 years old normal nmale children (Table 6). APQfor

/al is found to be highest for /a/ as conpared to /i/ and



/ul and it is significantly different from/i/ and /u/.

It was al so observed in Indian adult normal mal e popul a-
tion (Venkatesh et,al., 1992) that APQwas highest for /a/
as conpared to/i/ and /u/. Simlar patterns were
observed in nornal 8 year old nmale children (Sai Prasanna,
1992) and 7 year old norrmal nal e children (Neelu, 1992).
Probabl y because anplitude perturbati on quotient reflect
intensity changes, APQis greater for the vowel /a/,
because it is an open vowel as opposed to /i/ and /u/

whi ch are cl ose vowel s.

In sumary the paraneters which account for inten-
sity variability show greater values for the open vowel s
and paraneters which reflect frequency variations
tend to show greater values for the tense vowels /i/

and /u/ as opposed to | ax vowel /a/.

The pitch and anplitude perturbation nmeasurenents
obtained in the present study were conpared w th nornal
adult mal es, to see how the children have perturbed on
the six paranmeters (Table 8 and Table 9) as conpared to
the adults. FromTable 8 and Table 9 it was found that
the six perturbation neasurenments such as jitter ratio,
directional jitter, relative average perturbation,
shimrer (dB), directional shimrer and anplitude pertur-

bation quotient obtained in thirty 10 years ol d nornal
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nmal e children studied in this study were hi gher as conpared
to the data obtained for these paraneters in adult nale
popul ation by Venkatesh et. al., (1992). This higher val ues
for jitter and shi mmer neasurenents in children probably

may be due to the norphol ogi cal differences between the

| arynges of themand adults or nmay be due to the continuous
neur o- nuscul ar maturation process which children are under-

goi ng before puberty.

Thus the present study highlights, the need to have
separate normative data for the pitch and anplitude pertur-

bati on measurenents in children for appropriate diagnosis.

The jitter ratio and shimer (dB) values for the three
vowel s obtained in the present study for the 10 years old norna
mal e children were conpared with the jitter ratio and shi nmer
(dB) values for the three vowels obtained in the 7 years old
normal mal e children (Neelu, 1992) and 8 years ol d norna
nal e children (Sai Prasanna, 1992). The data for the three
vowel s across 3 age groups are shown in Table 10. The
data was subjected to ANOVA fol l owed by DVRT. The results,
of the ANOVAtest is shown in Table 11. FromTable 11, it
may be inferred that there is a significant difference in
jitter ratio anmong the three age groups. Thus it may be

concluded that jitter values are different for different
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Table 10. Jitter ratio and shimrer (dB) values for three

age groups.

a7

Jitter ratio Shi nmmer (dB)
a [ u a [ u
7 yrs 9.54 12.23 12.53 0.338 0.239 0.217
(Neel u, 1992)
8 yrs 9.56 15.08 13.71 0.331 0.241 0.246
(Sai Prasanna,
1992)
10 yrs 0.11 14.54 13.36 0.31 0.244 0.242

(Present st udy)




Table 11. Showi ng ANOVA Test results for jitter ratio and

shi mmer (dB)

. : : - Si gni fi cant/ Non-
Jitter Ratio OF F-Ratio si gni fi cant
(a) age 2 8.42 S
(b) Vowel 2 106. 18 S

axb 4 3.89 S
Shi mer (dB)

a 2 0.21

b 2 25. 04

6 & &

axb 4 0.75
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age groups. The posthoc test (DMRT) indicated that jitter
val ue of 10 and 8 years old are higher and are signifi-
cantly different from?7 years old children. This finding
is contrary to the theoretical expectation. However, from
this we may infer that there is need to have different
jitter ratio values for different age groups. In other
words it may be concluded that jitter ratio is sensitive
to the age of the individual. D fferent vowels have
different jitter ratios for different age group which is
illustrated in Fig. 1. This denonstrates that while
neasuring jitter ratio, the type of vowel should al so

be consi der ed.

FromTable 11 it nay be inferred that there is no
significant difference in shimrer (dB)anong the three age
groups. Thus, it nmay be concluded that shimer (dB)
doesn't differ across the 3 age groups. The ANOVA test
also indicates that there is no interaction effect
bet ween vowel type and age | evel, for shimer (dB).

Thus, it may be concluded that shimrer (dB) is not so

sensitive to age unlike jitter ratio.



SUWARY AND CONCLUSI ON

Variations in pitch and anplitude is an essenti al
aspect of normal voice. This normal variations (pertur-
bations) in the voice can be grouped into voluntary
perturbations (intonational) and involuntary perturba-
tions (pitch perturbation-jitter and anplitude pertur-
bation - shimer). These involuntary perturbation
neasurenents are quantified by different parameters such
as absolute jitter, jitter factor, jitter ratio, direc-
tional jitter and simlarly shimrer (dB), directional shimrer

and anplitude perturbation quotient etc.

Many investigators have studied these different
pitch and anplitude perturbation nmeasurenents in nornals
and in abnornals. They have reported that these neasure-
nents can be used for screening and di agnostic purposes of
| aryngeal disorders. Mst of these studies have established
norns for jitter and shi nmrer neasurenents in adult popu-
lation only. It is well known that children's voice
characteristics differ fromthat of adults because of the
conti nous neuronuscul ar maturation they undergo before
puberty and the obvi ous norphol ogi cal factors. So the
adult data may not hold good for children. Therefore,

this study was ained at.
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1) btaining norns, for the follow ng 6 pitch and anplitude
perturbation measurenments in thirty 10 years ol d norma
mal e children
(1) Jitter ratio
(i) D rectional perturbation quotient for jitter (DPQ)
(ii1i) Relative average perturbation (RAP 3 pt)

(iv)  Shinmer (dB)
(v) D rectional perturbation quotient for shimer (DPQs)

(vi) Anplitude perturbation quotient (APQ

2) Conparing the data obtained for 10 years ol d nornma

nal e children with that of adult normals.

3) Conparing the data obtained for 10 year old nornal nale
children with that of 7 and 8 years old normal nale

chi | dren.

Thirty normal school going nale children who had
normal ENT findings, normal audi ol ogical findings and
normal intelligence with no known history of voice problem
vocal abuse or other relevant vocal history were chosen
for this study. After a practice session of 5-7 mnutes
their voice sanple i.e. phonation of /a/, /i/ and /u/
for 5 seconds was recorded and anal ysed for the six para-
neters chosen, in the present study. The data obtai ned
were subjected to descriptive statistics such as nean,
standard devi ation, ANOVA and DMRT to interpret the

results and follow ng concl usions were nade.
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(i) Since pitch and anplitude perturbati on neasurenents
were obtained for 30 normal 10years old mal e children,

the data provided may be used as norns for that age

gr oup.

(i1) It was observed that the paraneters whi ch account
for intensity variability show greater values for
open vowel s and paraneters which reflect frequency
variations tend to show greater values for tense

vowels /i/ and /u/ as opposed to | ax vowels /a/.

(iii) It was found that children have hi gher perturbation
val ues as conpared to adults as per the theoretical
expectations. This only strengthensour contention
that we shoul d have seperate nornative data for

chi | dren.

(iv) It was found that jitter ratio was sensitive to age

as its value changed across age groups.

(v) 1t was found that shimrer (dB) was not so sensitive
to age as its value was same across the three age

groups unlike jitter ratio.

Recommendat i ons:

Since the study included only nmal e chil dren because
of nonavailability of subjects, time pressure, and non-

availability of conputer tine, it is recomended that
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the 6 paraneters studied in this study nmay be carried
out in females, and across different age groups. And
such a study may provi de additional data and strengthen

sone of the conclusions of the present study.
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