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| NTRODUCTI1 ON

"Speech is civilization itself. The word,
even the nost contradictious word, preserves
contact - it is silence which isolates".

- Thomas Mann, The Magi ¢ Mountain, 1924

The principle means of human comunication IS
speech, which has evolved over many centuries to becone the
rich and el aborate |anguage structure of today. "Speech is a
form of comunication in which t he transm ssi on of
information takes place by neans of speech waves which are
in the formof acoustic energy. The speech waveform are a
result of interaction of one or nore source with the voca

tract filter systen (Fant, 1960).

To understand the speech sounds of a |anguage, it is
necessary to learn about the articulatory and acoustic
nature of speech sounds. Voice plays an inportant role in
t he production of speech. Characteristics of voice changes a
function of age in children just as speech does and hence a
study of the voice changes as a function of age will provide
us information regarding the maturational changes that occur

in children

Voi ce has been defined as the "Laryngeal nodul ation

of the pulnmonary air stream which is further nodified by
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the configuration of the tract” (Mchael and Wndahl

1971).

"The past two decades have been witness to an
i ncreasing application of acoustic analysis to the study of
voi ce devel opnent in children" (Kent, 1976). Sonetinmes the
physi ol ogi ¢ and phonetic interpretation of acoustic data are
uncertain, but acoustic analysis is appropriate to test
certain hypothesis about the developnental changes in

anatony, notor control and phonol ogi cal function.

In rehabi litating t he vari ous comuni cati on
di sordered individuals, diagnosis of a particular condition
plays a very inportant role. Knowedge of a 'normal’
condition is a pre-requisite for diagnosis. It has becone
very common to conpare a disordered child with a conparable
normal child. This helps in recognising the differences in
the various paraneters between the two and |later to
understand the disorder accordi ng to t he type of
differences. This would also help in deciding the direction

and strategies for therapy.

A general conclusion that can be drawmm from the
acoustic studies of voice developnent is that, beginning
atl east three years of age, the variability of voice control

progressively dimnishes until the age of 8 to 12 years,
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i.e., progressively neuro-nuscular control is achieved.
Adult like stability is achieved by around 12-14 vyears of

age.

There are several neans of anal ysi ng Voi ce,
devel oped by different workers, to note the factors which
are responsible for creating an inpression of a particular
voi ce" (Hrano, 1971; Nataraja, 1979; Rashm , 1985; Anitha,
1994) .

There are ot her obj ective nmeasur es met hods
like EMSG  stroboscopy, wultra sound glottography, ultra
hi gh photography, photo-electric phot ogr aphy, el ectro-
gl ot t ogr aphy, aerodynam c neasurenents, acoustic analysis,

etc.

Presently acoustic analysis of voice is gaining nore
i nportance. H rano states that this may be one of the nost
attractive nethods of assessing the phonatory function or
| aryngeal pathol ogy because it is non-invasive and provides
obj ective and guantitative dat a". Acousti c anal ysi s
can be done by using nmethods such as spectrography, peak
analysis, inverse filtering, conputer based nethods and

ot hers.

In conputer based techniques, t here are many

progranms which are designed to extract different paraneters
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of voice. However, the software program used in this

study "Miltidinensional Voice Program - Model 4305"
devel oped and marketed by Kay Elenetrics Inc., New Jersey,
acquires, anal yses and di spl ays thirty-three voi ce
paraneters from a single vocal i zati on. Thi s program

uses the conputerized speech lab hardware system for
signal acquisition, analysis and playback. Thirty-three
extracted paraneters are available as nuneri cal file
or they can be displayed graphically in conpari son
with a data base. This conparison graphically provides
a visual snapshot of the clients vocal i zati on. Thi s
graphic analysis <can also be printed for a patient's

file.

Statenment of the problem

The problem was to know how the acoustic paraneters

vary with age and sex.

The present study ains at analysing the voice of

children along the follow ng paraneters.

Aver age Fundanental Frequency (Fo)
Average Pitch Period (To)
H ghest Fundanental Frequency (Fhi)

Lowest Fundanental Frequency (Flo)

a bk w0 N e

St andard Devi ati on of Fundanental Frequency (STD)
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

1.5

Fo Trenor frequency (Fftr)

Anpl i tude Trenor Frequency (Fatr)
Absolute Jitter (Jita)

Jitter percent (Jitt)

Rel ati ve Average Perturbation (RAP)
Pitch Period Perturbation Quotient (PPQ
Snmoot hed Pitch Period Perturbation Quotient (sPPQ
Fundanment al Frequency Variation (VvFo)
Shimer in dB (ShdB)

Shimrer in percent (Shim

Anpl i tude Perturbation Quotient (APQ
Snoot hed Average Perturbation Quotient (sSAPQ
Peak Anplitude Variation (VvAM

Noi se to Harnonic Ratio (NHR)

Voi ce Turbul ence Index (VTI)

Soft Phonation Index (SPI)

Frequency Trenor Intensity Index (FTR)
Anplitude Trenor Intensity |Index (ATRI)
Degree of Voice Breaks (DVB)

Degree of Sub-Harnonics (DSH)

Degree of Unvoiced Segnents (DW)

Nunber of Voice Breaks (NVB)

Nunber of Sub-Harnonics (NSH)

Nunmber of Unvoiced Segments (NW)
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300 children both nmales and fenales, age ranging
from 5-15 years were considered for the study. Al the
subjects were normal in terns of speech, | anguage and

hearing, and were attending normal schools.

Three trials of the maxi num phonation duration of
[ al were recorded and the best trial was used as the sanple
for analysis. The followwng data were then subjected to

statistical analysis.

The follow ng hypothesis were made:

1. There is no significant difference in t he
acoustic paraneters wth increase in age in

mal es.

2. There iIs no significant difference in t he
acoustic paraneters wth increase in age in

f emal es.

3. There Is no significant difference in t he
acoustic paraneters with increase in age between

mal es and fennl es.

Auxi liary hypothesis

1. a. There is no significant difference in the average
fundanmental frequency (Fo) with increase in age,

for both mal es and fennl es.
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There is no significant difference in t he
fundanmental frequency (Fo) between males and

femal es of the same age group.

There is no significant difference in the
Average Pitch Period (To) with increase in age,

for both males and femml es.

There is no significant difference in t he
Average Pitch Period (To) between nmales and

femal es of the sane age group.

Ther e i's no significant difference in the
H ghest Fundanental Frequency (Fhi) wth increase

in age, for both males and fenul es.

There is no significant difference 1in t he
H ghest Fundanental Frequency (Fhi) between nal es

and fenmal es of the sane age group.

There is no significant difference in the
Lowest Fundanental Frequency (Flo) with increase

in age, for both males and fenal es.

There is no significant difference in t he
Lowest Fundamental Frequency (Fl o) between nules

and fenmales of the sane ge group.
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There I's no significant difference in the
Standard Deviation of Fundanent al Fr equency

(STD) with increase in age, for both nales and

femal es.
There is no significant difference in t he
Standard Deviation of Fundanent al Fr equency

(STD) between nales and fenales of the same age

gr oup.

There I's no significant difference in the
Fo Trenor frequency (Fftr) with increase in age,

for both mal es and femal es.

There is no significant difference in t he
Fo Trenor frequency (Fftr) between nmales and

femal es of the same age group.

There S no significant difference in the
Amplitude Trenmor Frequency (Fatr) wth increase

in age, for both males and fenal es.

There is no significant difference in t he
Anmpl i tude Trenor Frequency (Fatr) between nmales

and femal es of the sane age group.

There i; no significant difference in the
Absol ute Jitter (Jita) with increase in age, for

both mal es and femal es.
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There is no significant difference in t he
Absol ute Jitter (Jita) between males and fenales

of the sane age group.

Ther e i's no significant difference in the
Jitter percent (Jitt) with increase in age, for

both mal es and feml es.

There is no significant difference in t he
Jitter percent (Jitt) between males and fenales

of the sane age group.

There is no significant difference in the
Rel ati ve Average Perturbation (RAP) with increase

in age, for both males and fenal es.

There is no significant difference in t he
Rel ati ve Average Perturbation (RAP) between nal es

and femal es of the sane age group.

There I's no significant difference in the
Pitch Perturbation Quotient (PPQ wth increase

in age, for both males and females.

There is no significant difference in t he
Pitch Perturbation Quotient (PPQ between nales

and females of the sanme age group.
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13.

14.

15.
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There i's no significant difference in the
Smoothed Pitch Perturbation Quot i ent (sPPQ
with increase in age, for both mal es and

f emal es.

There is no significant difference in t he
Smoothed Pitch Perturbation Quoti ent (sPPQ

between males and fenmales of the sane age

gr oup.
There i's no significant difference in the
Fundanental Frequency Vari ation (vFo) with

increase in age, for both males and femal es.

There is no significant difference in t he
Fundanental Frequency Variation (vFo) between

mal es and fenal es of the sane age group.

There is no significant difference in the
Shimrer in dB (ShdB) with increase in age, for

both mal es and fennl es.

There is no significant difference 1in t he
Shinmrer in dB (ShdB) between mal es and fenal es of

t he sanme age group.

There i's no significant difference in the
Shinmrer in percent (Shinm) with increase in age,

for both mal es and fennl es.
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17.

18.
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There is no significant difference in t he
Shimrer in percent (Shinm) between nales and

femal es of the sanme age group.

There 'S no significant difference in the
Anplitude Perturbation Quoti ent (APQ wth

increase in age, for both males and fenal es.

There iIs no significant difference in t he
Amplitude Perturbation Quotient (APQ  between

mal es and fenal es of the sane age group.

There IS no significant difference in the
Snmoot hed Average Perturbation Quotient (SAPQ

with increase in age, for both males and fenal es.

There iIs no significant difference in t he
Snoot hed Average Perturbation Quotient (sSAPQ

between nmales and females of the sane age

gr oup.

There 'S no significant difference in the
Peak Anplitude Variation (vVAmM wth increase in

age, for both males and femal es.

There is no significant difference in t he
Peak Anplitude Variation (vAm between nmales and

femal es of the sane age group.



19.

20.

21.

22.
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There S no significant difference in the
Noi se to Harnonic Ratio (NHR) wth increase in

age, for both males and femal es.

There is no significant difference in t he
Noi se to Harnmonic Ratio (NHR) between nmales and

femal es of the sane age group.

There s no significant difference in the
Voi ce Turbul ence Index (VTl) wth increase in

age, for both males and femal es.

There is no significant difference in t he
Voi ce Turbul ence Index (VTl) between nmales and

femal es of the sane age group.

There S no significant difference in the
Soft Phonation Index (SPI) with increase in age,

for both mal es and femal es.

There is no significant difference 1in t he
Soft Phonation Index (SPI) between males and

femal es of the sane age group.

There IS no significant difference in the
Frequency Trenor Intensity Index (FTRI) wth

increase in age, for both males and fenal es.
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24.

25.
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There is no significant difference in the
Frequency Trenor Intensity Index (FTR) between

mal es and fenal es of the sane age group.

There IS no significant difference in the
Amplitude Trenor Intensity Index (ATRI) wth

increase in age, for both nmales and fenales.

There is no significant difference in t he
Anplitude Trenor Intensity Index (ATRI) between

mal es and femal es of the sane age group.

There i's no significant difference in the
Degree of Voice Breaks (DvVvB) wth increase in

age, for both males and fenal es.

There is no significant difference in t he
Degree of Voice Breaks (DVB) between nales and

femal es of the sane age group.

There is no significant difference in the
Degree of Sub-Harnmonics (DSH) with increase in

age, for both males and fenales.

There is no significant difference 1in t he
Degree of Sub-Harnmonics (DSH) between nales and

femal es of the same age group.



26.

27.

28.

29.
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There S no significant difference in the
Degree of Unvoiced Segnents (DW) wth increase

in age, for both nmales and fenales.

There is no significant difference in t he
Degree of Unvoiced Segnents (DW) between nales

and femal es of the sane age group.

There S no significant difference 1in the
Nunmber of Voice Breaks (NVB) wth increase in

age, for both males and fennl es.

Ther e iIs no significant difference in t he
Nunmber of Voice Breaks (NvB) between males and

femal es of the same age group.

There IS no significant difference in the
Nunmber of Sub-Harnmonics (NSH) with increase in

age, for both males and femal es.

There iIs no significant difference in t he
Nunber of Sub-Harnmonics (NSH) between nales and

femal es of the same age group.

There IS no significant difference in the
Nunmber of Unvoiced Segnents (NW) wth increase

in age, for t)th nmales and fenunl es.
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There is no significant difference in t he
nunber of Unvoiced Segnents (NU) between nales

and fermal es of the sane age group.

Limtations of the study

1.

2.

The nunber of subjects in each age group is

restricted to only 15 males and 15 fenal es.

Only one phonation of /a/ was used to analyze the

paranmeters across age groups.

| nplications of the study

1.

Thi s st udy provi des i nformation on t he
charges in the acoustic par anmet ers (refer
Met hodol ogy) across age groups for males and

f emal es.

This study also provides information on the
differences in the acoustic paraneters (refer
Met hodol ogy) between nales and females of the

same age group.

This study provides information on the acoustic
paraneters (refer Methodol ogy) in normal children

in the age range 5-15 years.
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REVI EW OF LI TERATURE

Communi cation has |long been recognized as one of the
nost fundamental conponents of human behavi or. (Pet erson
1958). The ability of the human beings to wuse their voca
apparatus with other organs to express their feelings, to
describe an event and to establish communication is unique to
them It took mllions of years for human beings to develop
this faculty. The onset of the human era is recognized to
have started wth the acquisition of t he ability to
conmuni cate using the vocal apparatus for social interaction.
No normal person has failed to develop this faculty and no

ot her species is known to have devel oped their ability.

"The act of speaking is a very specialized way of using
the vocal nmechanism The act of singing is even nore so.
Speaki ng and singing demand a conmbination or interaction of
t he mechani sm of respiration, phonation, resonation of speech

articulation" (Boone, 1983).

The underlying basis of speech in voi ce. The
i nportance of voice in speech is very well depicted when one
considers the case of laryngectony or even voice disorders.
The crucial event essential for voice production is vibration
of vocal folds. It changes DC air stream to AC air stream

converting aerodynam c energy to acoustic energy. From this
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point of view, the paraneters involved in the process of

phonation can be divided into 3 major groups.

1. Paraneters which regulate the vibratory pattern the

vocal folds.

2. Parameters which specify the vibratory pattern of

t he vocal folds.

3. Paraneters which specify the nature of round

gener at ed.

Hrano (1981) has further elaborated on this, by
stating that, "The paraneters which regulate the vibratory
pattern of the vocal folds can be divided in tw groups
Physi ol ogi cal and physi cal . The physiological factors are
those related to the activity of the respiratory, phonatory
and articulatory nuscles. The physical factors include the
expiratory force, the conditions of the vocal folds and the

state of the vocal tract.

The vibratory pattern of the vocal folds can be
described wth respect to various paranmeters including the
f undanent al frequency, regularity or periodicity in
successive vibrations, symetry between the two vocal folds

and so on.

The nature of the sound generated is <chiefly by the

vibratory pattern of the vocal folds. It can be specified
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both in acoustic terns and psycho-acoustic ternmns. The
psycho-acoustic terns. The psycho-acoustic paraneters are
natural |y dependent on the acoustic paranmeters. The acoustic
paraneters are fundanental frequency, intensity acoustic
spectrum and their tine-related variations. The pshycho-
acoustic parameters are pitch, loudness and quality of the

voice and their tine-related changes.

Acoustic anal ysis has been considered as the basic tool
in the investigation of voice disorders. It has been
considered vital in the diagnosis and the rmanagenent of

patients with voice disorders.

Hrano (1981) has pointed out that the acoustic
anal ysis of the voice signal nmay be one of the nobst attractive
met hods for assessing phonatory function or | ar yngea
pat hol ogy data. Many acoustic paraneters, derived by various
net hods have been reported to be wuseful in differentiating

bet ween the pathol ogi cal voice and normal voi ce.

Further, a clinician will not really know what to
expect with a nedical diagnosis together with sone adjectives
like "hoarse or rough", until he actually sees the case.
(M chael and Wendahl, 1971). On the other hand, if the
clinician receives a report which includes nmeasures of

frequency ranges, respiratory function, jitter, vol une
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velocity of air flow during the <clinician can then conpare
these values to the norns for each one of the paranmeters and
thus have relatively good idea as to how to produced wth
t herapy even before seeing the patient. Mor eover periodic
nmeasur enent of these paraneters during the course of therapy
may well provide a useful index as to the success of the

treatnent (Mchael and Wendahl, 1971).

An objective nethod of locating optimum pitch was
undertaken by Nataraja (1972). The was done by stinulating
the vocal tract by an external sound source. A relation
between the natural frequency of the vocal tract and the
fundanmental frequency was developed and it was found to be
81 for males in the age range of 20-25 vyears (Nataraja,

1972).

Aratio of 51 was found between the two, in the sane

age range of female population (Shantha, 1973).

Nataraja (1972), Sanuel (1973), Shatha (1973), Sheela
(1974) and Asthana (1977) have used stroboscope wth Tacho
unit and SP2 neter to determ ne the fundanental frequency of
voice in their studies. The subjects were instructed to
phonate a vowel in their normal speaking voice and this
phonation was fed to the stroboscope through the SPL neter
and Tacho unit. The FO was read directly from the Tacho

unit.
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Hirano (1989) did an international survey and has
recormended the following mneasures for clini cal voi ce

eval uati on.

1. Ar Flow
Phonati on Quoti ent
Voi ce Velocity Index (VW)
Maxi mum Phonation Tinme (MT)

2. FO Range
SPL range
Habi t ual SPL
Habi tual FO

3. Electrol ottography

4. Tape recording
Pitch perturbation
Anmpl i tude perturbation
SN ratio
LTAS
I nverse filter acoustic
VOor
I nverse filter acoustic
VOr
Per ceptual eval uation

5. Laryngeal Mrror
Fi broscopy of Larynx
M croscopy of Layrnx
6. X - ray Larynx
7. Vital Capacity

8. Audi onetry

There are various objective nethods to evaluate these
parameters. Stroboscopic procedures, pardue, pitch neter,

hi gh speed ci nemat ography, EGG digi pitch, pitch conputer,
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ultrasonic recordings and t he hi gh resol ution si gnal

anal yser.

But at present various conputer based nethods are being
evol ved which are very faith in terns of analysing the voice
sanples and giving the values of paraneters as such.
Recently these nethods are used in clinical and research work
because they are tinme savi ng and t hey don't need
interpretation on the part of experi ment er si nce t he

paraneters are automatically anal ysed and given.

The present st udy ai ns at I nvestigating sone
aerodynam ¢ and aspects of the speech of children. The review
of literature that follows would show the inportance of these
paranmeters in undertaking the dynamcs of normal speech and
voice and thus helps in diagnosis and treatnment of speech
di sorders. The review also reveals the lack of studies of

t hese paraneters, especially on Indian popul ation
Fundanent al Frequency

Voi ce, the underlying basis of speech has three ngjor

attributes nanely pitch, |oudness and quality.

Pitch is the psychophysical <correlate of frequency.
Al though pitch is often defined in terms of puretones, it is

clear that noises and other a periodic sounds, have nore or
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less definite pitches. The pitch of conplex tones depends of
the frequency of its dom nant conponent, that is fundanental
frequencies in a conplex bone. Planmp (1967) states that even
in a conplex tone, where the fundanmental frequency is absent
or weak, the ear is capable of perceiving the fundanenta
frequency based on the periodicity of the pitch. Eari ckson
(1959) is of the opinion that the vocal cash are the ultimte
determ ners of pitch and that the sane general structure of
the cords seemto deternmine the frequencies that one can

produce.

The factors determining the frequency of vibration of
any vibrator are mass, length and tension of the vibrator.
Thus the nmass, length and tension of the vocal cords

determ ne the fundanmental frequency of voice.

"“... both quality of |oudness of voice are nainly
dependent on the frequency of vibration. Hence it seens
apparent that frequency is an inportant paraneter of voice"

(Anderson, 1961).

There are various objective nethods to evaluate the
fundamental frequency of the vocal cords. St r oboscopi ¢
procedures, hi gh speed ci nemat ogr aphy, el ectrography,
ultrasonic recordings, stroboscopic |am nography (STROL),

cepstrum pitch detection, degipitch, the 3 M plastiform
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Magneti c Tape Viewer, Spectrography, Pitch conmputer and H gh

Resol ution Signal Analyzer.

The changes in voice with age and wthin the speech of
an individual have been the subject of interest to speech
scientists. Various investigations dating back to 1939 have
provided data on various vocal attributes at successive
devel opnental stages from infancy to old age. Fai r banks
(1940, 1949), Curry (1940), Sni decor  (1943), Hanky  (1949),
Mysak (1950), Samuel (1973), Usha Abraham (1978), Copa
(1980), Indira ((1982), Kushal Raj (1983), Rashm (1985) are
sone anong those who have studied the changes in fundanental

frequency of voice with age.

The agi ng trend for males wth respect to the
mean fundanental frequency is one of a progressive |owering of
a pitch level frominfancy through mddle age followed by a

progressive raise in the old age (M/sak, 1966).

Lowering in the fundamental frequency is gradual till
the age of 10 years (Gopal, 1980), 15 vyears (Samuel, 1973),
13 years (Usha, 1978), 14 years (Rashm, 1985) after which
there is a sudden marked lowering in t he f undanent al
frequency. The fundanental frequency values are distinguished
by sex only after the age of 11 years, although that age, Kent
(1976), Usha (197 ), George (1973), Gopal (1980).
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CGopal (1980) reported a gradual I|owering of t he
fundamental frequency as a function of age fromthe age of 7
years to 17 years, for the vowel /9/ in both nales and
femal es. The fundanental frequency drops slightly during the
first 3 weeks or so, but then increases until about the 4th
nmonth of life after which it stabilizes for a period of about

5 nont hs.

Beginning with the first year, FO decreases sharply
until 3 years of age, when it makes a nore gradual decline,
reaching the onset of puberty at 11 or 12 years of age. A
sex difference is apparent by the age of 13 vyears, which
makes the beginning of a substantial drop for male voices,
the well known adolescent voice change in the case of
femal es. The decrenent in to frominfancy to adulthood anbng
females is some what in excess of an octave, whereas males
exhibit an overall decrease approaching tw octaves (Kent,

1976).

Studi es on Indian popul ati on have shown that, in males,
the lowering in the fundanmental frequency is gradual till the
age of 10 years, after with there is a marked lowering in the
fundanmental frequency, which is attributable to the changes
in vocal apparatus at puberty. In case of fenmales a gradua
lowering of FOis seen (Georgy, 1973; Usha, 1979; Gopal
1980; Kushal Raj, 1983; Rashm, 1985).
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The study of fundanmental frequency has i mport ant
clinical inplications. Cooper (1974) has wused spectrographic
analysis, as a clinical tool to describe and conpare the FO
and hoarseness in dysphonic patients before and after voca
rehabilitation. Jayaram in 1975 f ound a signi fi cant
di fference in habitual frequency neasures between normals and

dysphoni cs.

A study was conducted by Asthana (1977) to find the
effect of frequency and intensity variation on the degree of
nasality which in cleft palate speakers. The results of the
st udy showed t hat t he cleft pal at e speakers have
significantly less nasality at higher pitch levels than the
habi tual pitch. But the degree of perceived nasality did not
change significantly when habitual pitch was | owered.

Fundanental frequency is speech for normal |ndian popul ation.
(Based on studies conducted at All SH)

Age G oup Nor mal fundanmental frequency in Hs
(Years) Mal es Femal es

Nat araja and Savithri (1990)

Most of the therapies of voice disorders are based on
the assunption that each individual has an optimum pitch at
which the voice will be of a good quality and wll have

maxi mum i ntensity with |east expense of energy (Nataraja and
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Jayaram 1982). Mst of the therapies aim to alter the
habitual pitch level of the patients or make the patient to
use his optimum pitch (Cowon, 1936; West et al, 1957;
Ander son, 1961; Van riper and Irwin, 1966).

It is apparent that the measurenment of the fundanenta
frequency of voice has inportant applications in both the
di agonosis and treatnment of voice disorders and also reflects

t he neuonuscul ar devel opnent in children (Kent, 1976).
Fundanental frequency in speech

In daily life, man communi cates through speech. An
eval uation of the FO in phonation, nmay not represent the true
fundamental frequency wused by an individual in speech
Hence, it beconmes inportant to eval uat e t he speaki ng

fundamental frequency.

The fundanental frequency in speech is esti mat ed
subj ectively by matching or it is determ ned objectively wth
a pitch nmeter or degipitch. For nore precise neasurenents,

FO histogranms are obtained with the aid of a conputer.

Many i nvestigators have st udi ed t he speaki ng
fundanental frequency as a function of age and in various
pat hol ogi cal conditi ons. The age dependent variations of

speaki ng fundanmental frequency reported by Bohnme and Hecker
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(1970) indicate that the mean speaking fundanental frequency
decreases with age up to the end of adol escence. A narked
| owering takes place during adol escence in nen. In advanced
age, nean fundanental frequency in speech becones higher in

men but is slightly lowered in wonen.

A study of the pitch level in speech in 2 groups of
femal es, between 65 years and 75 years and between 80 and 94
years indicated no significant difference in the pitch |[evel
of between the two groups. Therefore, speaking pitch Ileve

of wonen probably varies little throughout adult-Ilife.

Glbert and Canpbell (1980) studied the speaki ng
fundanmental frequency in 3 groups (4 to 6 years, 8 to 10
years, 16 to 25 years) of hearing inpaired individuals and
reported that the values were higher in the hearing inpaired
groups when conpared to values reported in the Iliterature

for normally hearing individuals of the same age and sex.

Kushal Raj (1983) studied the speaking fundanenta
frequency as a function of age, in children between four and
twel ve years. He inported that the fundanental frequency,
both in the case of males and fenales, decreases wth age,
mal es showi ng a sudden decrease around 11 years of age. No
significant difference in fundanental frequency was found

until the age of 11 years, between male and fenales. The
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fundanmental frequencies of the vowels of /a/, [i/l, [lul, [el
and / o/, occurring in speech, indicated that the fundanental
frequency of vowel /a/ was the Jlowest 1in both nales and
females, /u/ was the highest for males and /i/, the highest

for femal es.

The nean speaki ng fundanental frequency of nmales, age
ranging from20 to 89 years, indicated that there was a
progressive |lowering of the speaking fundanmental frequency
fromage 20 to 40 with a rise in level from age 60 through

the eighties (Hollien and Shipp, 1972).

A study of the speaking pitch level in 2 groups of
femal es, between 65 years and 75 years and between 80 and 94
years, indicated no significant difference in the pitch |evel
between the two groups. Therefore, speaking pitch Ilevel of

wonen, probably varies little throughout adult life.

Many hearing inpaired speakers are unable to control
their speaking fundamental frequency. Meckfessel (1964) and
Thornton (1964) reported speaking fundanental frequency data
for 7 & 8 year old hearing inpaired speakers that were higher

than values for normal heating speakers.

Meckfessel and Thornton (1964) report ed speaki ng
fundanmental frequency values in post pubescent heari ng

inmpaired r.ales that were higher than those obtained for
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normal | y hearing post pubescent males, while values obtained
by Geen (1956) were simlar to those for normal hearing
mal es. For hearing inpaired females, Geen (1956) reported
hi gher values than those obtained for normal hearing fenales,
while Ernovicl R(165) and Gunewald (1966) reported values

that were sim|l ar.

Gl best and Canpbell (1980) studied the speaki ng
fundanental frequency in 3 groups (4 to 6 years, 8 to 10
years, 16 to 25 years) of hearing inpaired individuals and
reported that the valued were higher in the hearing inpaired
groups when conpared to values reported in the literature for

normal |y hearing individuals of the sane age and sex.

In a parallel study, Mirry and Doherty (1980) reported
that along wth other voice production neasures such as
directional and rmagnitudi nal perturbation, the fundanenta
frequency in speech inproved the di scrim nate function

between normal voices and malignancy of the |asynx.

Sawashima (1968) reported a rise in nmean fundanenta
frequency in speech in. Case of sulcur vocalis and a fall in
mean fundanental frequency in speech values results from
di sturbances of nutation in males. At present nean to in

speech is neasured as a clinical test value (Hrano, 1981).

Nataraja and Jagdeesh (1984) neasured Fundanent al

frequency ion phonation, reading, speaking and singing and
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also the optimum frequency in thirty normal nmales and thirty
normal femal es. They observed that the Fundanental frequency
increased from phonation to singing wth speaking and reading
in between. Hence, fundanental frequency has to be neasured
under different conditions in evaluation of voice disorders,
i.e., it may not be enough if one considers one condition to
determ ne the nean fundanental frequency used by the case for

eval uati on of voi ce.

Thus the review of literature shows t hat t he
nmeasurenent of FO both in phonation and speaking is inportant
in assessing the neuronuscul ar devel opnent and diagnosis and
treatment of voice disorders. Few studies have been carried
out to note the changes in fundanental frequency in Indian
popul ation with respect to age. (Sanmuel, 1973; Usha, 1978;
Gopal , 1980, ushal Raj, 1983 and Rashm , 1985;) However the
present study is also Considering t he measur ement of
fundanmental frequency both in phonation and in speech as it
woul d be hel pful in assessing the earlier findings and also to
find the relationship between fundamental frequency and ot her
paraneters that are considered in the present study, as all

the parameters are considered on the sanme popul ation.

Frequency range in Phonation and Speech:

Humans are capable of producing a wde variety of

acoustic signals. The patterned variations cf pitch over
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linguistic wunits of differing length (syl | abl es, wor ds
phrases) vyield the critical prosodi c feature, nanel y

intonation (Freeman, 1982).

Variations in fundanental frequency and the extent of
range used also relate to the intent of the speaker.
(Fai rbanks and pronovast, 1939). More specifically t he
spread of frequency range used corresponds to the nobod of the
speaker, ie as Skinrer (1935) reports, cheerful aninated
speech exhibits greater range wuse than serious thoughtfu

speech.

As far as variability of fundanental frequency is
concerned, the nost extensive study is that of Eguchi and
Hrsh (1969), who collected data for 84 subjects representing
adult hood and the age-levels of 3-13 vyears at one year
intervals for the values /i/, Ix/. /ful. lel. [al and / [ as
produced in the sentence contexts . The variability of
fundanental frequency progressively decreased with age unti
a mninumwas ached at about 10-12 years. This 1is taken as
an index of accuracy of the laryngeal adjustnments during
vowel production, then the accuracy of control I mproves

conti nuously over a period of atleast 7 to 9 years.

Hudson and Hol br cok(1981) studied the Fundanental voca

frequency range in reading, in a group of young black adults
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ranging from 18-29 years. Their results indicated a nean
range from 81.95 to 158.50 Hz in males and from 139.05 Hz to
266.10Hz in fermales. Conpared to a simlar white population
studied by Fitch and Hol brook (1970), the black population
had a greater mean frequency range. Fitch's (2970) white
subjects showed a greater range below the nmean node than
above. This behaviour was reversed for the black subject.
Hudson (1981) pointed out that such patterns of voca
behavi our may be inportant clues which alert the Ilistener to

the speaker racial identity.

General Conclusions about the diagnostic value of
fundanental frequency wvariability are difficult to make
because such neasurenents are helpful in certain pathol ogica

conditions but not in others (Kent, 1976).

During speech, using a normal phonatory nechanism a
certain degree of variability in frequency is expected and is
i ndeed necessary. Too limted or too wide a variation in
frequency is an indication of abnormal. Functioning of the
vocal system However if an individual has a frequency range
within normal limts, he may still wuse little inflection
during speech. An octave and a half in males and 2 octaves

in females is considered normal frequency range.

Seela (1974) has found that the pitch range was

significantly greater in trained singers than in untrained
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singers. Jayaran(1975) reported that in normal males, the
frequency ranged from 90 Hz 510 Hz and it ranged from 30 Hz or

350 Hz in dysphonic mal es.

Shi pp and Huntington (1965) indicated that Ilaryngitic
voices had significantly snaller ranges than did post -
laryngitic voices. The results of a study by Mirry (1978)
showed a reduced semtone range of speaking fundanental
frequency, in patients with vocal card palsy as conpared to
nor mal s. Muirry and Deherty (1980) reported t hat t he
variability in fundamental frequency along wth directional
and magni tudi nal perturbation factor enhanced the ability to
di scrimnate between talkers with no known |aryngeal voca

pat hol ogy and tal kers with cancer of the |arynx.

Nataraja found that the frequency range did not change
much with age in the age range 16-45 years. He also showed a
greater frequency range than nmales in both phonation and
speech. Gopal (1986) froma study of normal males from 16-65

years, reported slightly lower frequency range in speech.

This review indicates that it 1is inportant to have
extensive data on the pitch variations, as a function of age,

before it can be applied to the clinical population.

Hanson, Gerratt and ward (1983) suggested that majority

of phonatory dysfunctions are associated wth abnormal and
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irregular vibrations of the vocal folds. These irregular
vibrations lead to generation of random acoustic energy, i.e.
noi se, fundamental frequency nd intensity variations. Thi s

random energy and a periodicity of FOis perceived by hunal
ears as hoarseness. Hence the spectral, intensity and Fp
paraneters are nore appropriate in quantifying phonatory
dysfunctions. The frequency related paranmeters are the nost
r ugged and sensitive in det ecting anat om cal and

physi ol ogi cal changes in the |arynx.

Anong the Fo-rel ated neasurenents the neasurenents of
FO variation and other parameters are very wuseful in early
indentification, assessnent of Deviate and differentia

di agnosi s in dysphonics.

Cycle to Cycle wvariation in FO is called pitch

perturbation or Jitter. Presence of snmall anmount of
Perturbation in normal voice has been known. (Moore, VMon
Leden, 1958, Von Ledeen et al 1960). A periodic laryngea

vi bratory pattern have been related to the abnormal voice

(Carhart, 1983, 1941; Bowels, 1964).

Bear (1980) explains vocal Jitter as inherent to the
met hod of nuscle excitation based on the neoronuscular nodel
of the fundanmental frequency and nuscle physiol ogy. He has

tested the nodel using EM5 from CT nuscle and voice signals
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and clains reuromuscul ar activities as the major contribution

for the occurrence of Perturbation.

Wke (1969), (1969), Sorenson, Horrit Leonard (1980)
have reported the possible role of laryngeal nucosal freflex

mechani sm in FO perturbation.

Hei berger of Horri (1982) have also said that the
nmucosal receptors in the larynx are inportant in mainting the
| aryngeal tension particularly in sustaining high frequency
tone. They stated that the "Physiological interpretation of
jitter in sustained phonation should probably include both
physi cal  of structural variations of Myo- Veur ol ogi ca

variations during phonation.

A nunber of high speed |aryngoscopic pictures revea
that |aryngeal structures (vocal folds) were not symetric.
di fferent anount of nucous accunul ates on the surface of the
vocal folds during vibration. In addition, turbulent air-
flow at the glottis al so causes sone perturbations
[imtations of | aryngeal - servo mechani sns t hr ough t he
articular-nyotitic nucosal reflex systens (Gould of Ckanura
1974; wyke, 1967) may also introduce snmall perturbations in
| aryngeal nuscle tone. Even without consideration of reflex
mechani sns, t he | ar yngeal nmuscl e t one have i nher ent
perturbation due to he time staggered activities, which

exist in any voluntary nuscle contractions.
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Wlcox (1978), wilcox of Horri (1980) reported that a
greater magnitude of jittle occurs c advancing age which they
attributed to the reduced sensory contribution from |aryngea
nmechano-receptors. However these changes in voice wth age
may also be due to physical changes associ at ed with
respiratory of articulatory nmechanism These perturbations
of related paraneters in pitch of anplitude can be of related
paraneters in pitch of anplitude can be measured. There are
di fferent al gorithns for t he measur enent of pi tch

perturbations of some of them are

Absolute Jitter (Jita) - /usec/

wher e,
(i)

.
| 1]
'O -

1,2,...,N extracted pitch period data
PER, Number of extracted pitch periods

[
N

Jitter per cent (Jitt) /%

wher e,

) ii, i - 1,2,...,N extracted pitch period data
N - PER, Nunber of extracted pitch periods
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Pitch period perturbation quotient (PPQ /%

1 N-4 1 4 Yty .
-—- - To' ™~ """ = To ~ <7 |
-4 1=] 5 r=( |
PPQ = =—— e e e e
1 N (1)
- To
i=1
wher e,
(1) .
To 1 - 1,2,...,N extracted peak to peak

anpl i tude dat a.
N = PER, Number of extracted inpul ses

Snmoot hed pitch period perturbati[on quotient (SPPQ /%

1 N-Sf+1 1 sf-1 :
3 L
______ B ol 1HE ?3[1 m)
N-Sf+1 : bl | [ £ r=0
SPPQ = = e e e e e e e e e e e e e e
N ()
- I'o
N i=1
wher e,
To(l), i =1,2,...,N extracted peak to peak

anpl i tude dat a.

N = Nunber of extracted inpul ses.
F =

S Snmoot hi ng factor

Coefficient of FO variation VFO /%

/ 2
1 N / 1 N -
/ - pot3) - melt)
1 i=1 \/ N j=1
VFO = == = e e e —
FO 1 N
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wher e,

Folt?), i = 1,2,...,N extracted peak to peak
anpli tude dat a.
N = PER, Nunber of extracted i npul ses.

Rel ati ve average perturbation (% (RAP)

L OEEL  faely o (E41)
- TC 4+ TO '
N — 7 l —
I AP = ————cmeme e e e —
1 N (;
o AL
U i=1
wher e,
Tﬁ(i), i = 1,2,...,N extracted peak to peak
anpl i tude dat a.
N = Nunber of extracted inpul ses.
Li ebeerman (1963) found that pitch perturbations in
normal voice never exceeded 5 m sec. in the steady state
portion of sust ai ned vowel s. Simlar vari ati ons in

Fundanental periodicity of the acoustic waveforns have been

measured by Fairbanks (1940).

Iwata and Voa-Leden (1970) reported that the 95%
confidence limts or pitch perturbations in normal subjects

anged from 0.19 to 0. 2ns.
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Several factors have man (1989) reported higher value
of frequency perturbation in mles than fenmales. Gender
di fferences exists not only in magnitude, but also in the

variability and frequency perturbation.

Sorenson and Horii (1983) reported that norrmal fenale
speakers have nore jitter than normal nale speakers. Thi s

result contradicts the findings of H ggimand Saxman (1989).

Robert and Back (1984) reported higher jitter values in
mal es and females. They attributed this difference to FO

Wien FO increases the percentage of jitter val ue decreases.

Zemin (1962) has reported greater jitter values for
/al than for /i/, and /[u/ showed the |owest val ue. Thi s
result is supported by the studies of WIcox (1978) and
linville and Kirabic (1987).

Johnson and M cheal (1969) reported greater jitter
value for high vowels than for Ilow vowels in 12 English

vowel s.

Wlcox and Horii (1980) reported t hat [ ul was
associated with significantly smaller jitter values (0.55%

than for /a/ and /i/ (0.68 and 0.69% respectively).

Sorenson and Hirri (1983) studied the vocal jitter

during sustained phonation of /a/, /i/ and /u/ vowels. The
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result showed that jitter values for /a/ were lowwth 0.71%

high for /i/ with 0.96% and internediate for /u/ wth 0.86%

Rashm (1985) studied the vocal jitter during sustained
phonation of /a/, /i/ and /u/ vowels in children in the age
range of 4-15 vyears. In males, the highest fluctuation
frequency of the vowels in frequency was seen in the age-
group of 12-13 years and the nean fluctuation was 38.3 Hz and
this was followed by the group 45 years who showed a
deviation of 30.3 Hz. Cenerally the fluctuations in frequency
show a decreasing trend upto the age of 8 vyears, followng
which there is a steep increase upto the age of 13 years,

after which there is a reduction again.

In femal es the highest fluctuations in frequency for
the vowels /a/ was found to be the greatest (35.8 Hz) anong

the 4-5 years and decreased to 10.9 Hz vy 14 years of age.

Linville and Korabic (1987) have found that intra-
speaker variability tend to be greatest on the Ilow vowels

[al, with less variability on high vowels /i/ and /u/.

The values of the neasurers of jitter are dependent
upon the vowels produced during sustained phonation and also
the frequency and intensity level of the phonatory sanple and
also :he frequency and intensity level of the phonatory sanple

and also the type of phonatory initiation and term nation.
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Ram g (1980) postulated that jitter values should
i ncrease when subjects are asked to phonate at a specific

intensity and/or as |long as possible.

Cycke to Cycle variation of anplitude is cal |l ed
Perturbation or shinmrer. There perturbations in anplitude can
be neasured using several paraneters. There are different
al gorithm for nmeasurenment of perturbations. Some of them are

gi ven bel ow.

Shimrer in dB (ShdB) /dB/

X

|

|

|

|

J
i

|

|

|

|

|

|

N-1 i=1 | A

wher e,

n{j}, i = 1,2,...,N extracted peak-to-peak anplitude
N = Nunber of extracted inpul ses.

Shi mrer per cent (%

wher e Y

', 1 =1,2,...,N extracted peak-to-peak anp
N - Nunber of extracted inpul ses.

Shimer is any given voice is dependent atleast upon

the nodal frequency |level, the total frequency range and the
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SPL relative to each individual voice, Mchael and Wndahl
(1971) and Ram g postulated that shimrer val ues shoul d
i ncrease when subjects are asked to phonate at a specific

intensity and /or as long as possible.

Kitajim & Goul d, (1976) studied the vocal shimer
during sustained phonation in normal subjects and patients
with Darynpeal polyps. They found the value of vocal shinmmer
ranging from 0.04dB to 0.21dB in normals and from 0.08dB to
3.23dB in the case of vocal polyps. Al t hough, sone overlap
between the two groups was observed they noted that the
neasured value nmay be an useful index 1in screening for
| aryngeal disorder or for diagnosis of such disorders and

differentiation between the two groups.

Vowel produced and sex are the tw factors affecting
shimrer values as reported in the literature. Borensen &
Horii (1983) reported that normal fenmale speakers have |ess
Shimrer than normal male speakers. Wlcox & Horii (1980)
reported that shimer values are different for different
vowel s. Borenson and Horii (1983) studied the vocal shinmer
duri ng sustai ned phonation of /a/, [i/ & /ul vowels. The
results showed that shimmer values was lowest for /u/ wth
0.19dB, highest for /a/ with 0.33dB and internediate for /[i/
C 0.23dB. This result is supported by Horii (1980).
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Several investigators have studied the neasures of
anplitude perturbation in normal and pathol ogical gr oups.
The proposed neasurenent and their obtained data on anplitude
perturbati on have been summarized in Table - 2. Vanaj a
(1986), Tharmar (1991) & Suresh (1991) have reported that as
the age increased there was increase in fluctuations in
frequency and intensity of phonation and this difference was
nmore marked in females. Nataraja (1986) has found that speed
of fluctuation in intensity paraneters were sufficient to

differentiate the dysphonics from nornmals.

Li eberman, (1961, 1967) has shown that pathol ogi cal
voices generally have <charge pareturbation factors t han
normal voices with conparable fundanental frequency and that
this factor is sensitive to size and location of growhs in
| arynx. Pitch perturbation factor was defined as t he
relative frequency of occurrence of perturbation larger than
0.5 msec. Kitajima & Gould (1976) have found that voca
shimrer is a wuseful paraneter for the differentiation of

normal s and vocal cord polyp groups.

H ggimé& Saxman (1989) investigated wthin subject
variation of 3 wvocal frequency perturbation indices over
multiple sessions for 15 female and 5 nmale young adults
(pitch perturbation qg!otient and directional perturbation

factor). Coefficient of wvariation for pitch perturbation
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qgquotient and directional perturbation factor were considered
i ndicative of tenporal stability of these neasures, while
jitter factor of pitch perturbation quot i ent provi ded
redundant information about | ar yngeal behavi our . Al so
jitter factor and pitch perturbation guot i ent varied
considerably within the individual across sessions, while
directional perturbation factor was a nore tenporally stable

nmeasure.

Venkatesh et al ., (1992) reported jitter Ratio (JR),
Rel ative Average Perturbation, 3 point (RAP3), deviation
from Linear Trend (DLT), Shi mmer in dB (ShdB) and
Anplitude Perturbation Quotient (APQ to be nost effective
par anet ers in differentiating bet ween nor mal mal es,
normal femal es and dysphonic groups. They added that in the
clinical application, shinmrer in dB is nost effective and can
act like a screening device and in pitch perturbation neasures
like Jitter Ratio (JR), Relative Average Perturbation (3
point) and DLT are nost useful in differentiating |aryngea

di sorders.

Sridhara (1986) studied |aryngeal waveforns of young
normal males and females.- The results are given belowin the

Tables a & b.
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Tabl e a

Mean val ues of Jitter (in ns)

[ al [i] [ul

Mal es 0. 065 0.11 0. 067
Femal es 0. 058 0. 03 0. 048

Table b

Mean val ues of Shimer (in dB)

I al lil lul

Mal es 0. 033 0. 66 0.15
Fenal es 0. 070 0. 37 0.44

Chandrashekar (1987 found significant difference 1in
jitter values in /a/ for males and /i/ and /u/ in females
when conpared wth dysphonics. Al so, the shinmmer val ues
were greater for vocal nodule cases than normals wth respect
to both male and fenmale groups. But the values wer e
significant only for males. On the whole he found significant
difference in jitter and shimer values between normals and

dysphoni cs.

Anitha (1993) reported Absolute Jitter (Jita), Jditter
per cent (Jitt), Relative Anplitude Perturbation (RAP), Shim
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(in dB), Anplitude Perturbation Quotient (APQ), and Shinmer
per cent and reported that these paraneters can be used to
differentiate between normal males, nornal femal es and

dysphoni cs.

Thus it is seen from research that nmany researchers
have carried out studies concerning various paraneters of

Voi ce.

However there are very limted studies depicting the
voi ce changes as a function of age in children wusing MDVP

sof t war e.

Hence an attenpt is made to study the sanme and also
establish normative dat a whi ch can suffice clinica

popul ati on.
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METHODOL OGY

Mul ti dinensional analysis of voice

The purpose of the present study is ainmed to exam ne
the various paraneters of voice in children and establish
normative values using nultidinmensional analysis of voice
program devel oped and mar keted by Kay Elenetrics 1Inc.,
New Jersey. It was decided to consider maximum phonation
duration for the follow ng acoustic paraneters to establish

the normati ve val ues.

Aver age Fundanental Frequency (Fo)

Average Pitch Period (To)

H ghest Fundanental Frequency (Fhi)

Lowest Fundanmental Frequency (Fl o)

St andard Devi ati on of Fundanental Frequency (STD)
Fo Frequency Trenor (Fftr)

Ampl i tude Trenor Frequency (Fatr)

Absolute Jitter (Jita)

© ©® N o U » W N e

Jitter percent (Jitt)

[ —
©

Rel ati ve Average Perturbation (RAP)

[ —
[ —

Pitch Period Perturbation Quotient (PPQ

=
N

Snoot hed Pitch Period Perturbation Quotient (sPPQ

[ —
w

Coefficient of Fundanental Frequency Variation

(vFo)



14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

Subj ect s

Shi nmer

Degr ee
Degr ee
Degr ee
Nunber
Nunber
Nunber

Snmoot hed Anplitude Perturbation Quotient

of
of
of
of
of

of

3.2

Shi nmrer in dB (ShdB)

n percent (Shim

Ampl i tude Perturbation Quotient (APQ

Coefficient of Anplitude Variation (VAT
Noi se to Harnonic Ratio (NHR)

Voi ce Turbul ence I ndex (VTI)

Soft Phonation I ndex (SPl)

Frequency Trenor Intensity Index (FTRI)

Amplitude Trenor Intensity Index (ATRI)

Voi ce Breaks (DVB)

Sub- Har noni ¢ Br eaks ( DSH)
Voi cel ess (DWV)

Voi ce Breaks (NVB)

Sub- Har noni ¢ Segnment s ( NSH)
Unvoi ced Segnents (NUWV)

Children both nales and fenales in the age range

5-15 years were

randomy selected for the study.

subj ects of these groups had no apparent speech, hearing

E.N.T. problens and were considered nornmal .

(sAPQ

of
The

or
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Age range Mal es Femal es
4-5 10 10
5-6 10 10
6-7 10 10
7-8 10 10
8-9 10 10
9-10 10 10

10-11 10 10
11-12 10 10
12-13 10 10
13-14 10 10
14- 15 10 10

| nstrunent ati on

The followi ng instruments were used in the present

st udy.

Dynam ¢ m crophone (Cardi od, Sony F-760)
Preanplifier

C.S.L. speech interface unit (Mdel 430C B)
486 SX with C S.L.-50 hardware card

MDVP sof t war e

o 0 A W b

M crophone (cardiod, unidirectional, 33-992 A



Photograph showing the graphic display of the parameters studiec
and the instruments used for Acoustic Analysis.
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7. Preanplifier
8. Recording deck (Sonodyne-740)

These neasurenments were carried out in a sound
treated room of the Phoniatrics Laboratory of the Departnent

of Speech Sciences, A l.l.S H

(Note: Items 3, 4 and 5 were supplied by Kay Elenetrics,

Inc., New Jersey).

Procedures used to neasure different paraneters

1. Maxi num Phonation Duration (MPD)

MPD has been defined as the duration for which an
i ndi vidual can sustain phonation after a deep inhalation.

The subject was instructed as follows:

"Take a deep breath and say /a/ as long as you can
with the voice that you usually use. Please try to nmmintain

it at a constant |evel".

The procedure was denonstrated. Then the subject was
asked to phonate /a/ as 1long as possible. This recorded
sanple was line fed to the conputer through the C S L.
speech interface unit (Mdel 4300 B) and anal ysed.

2. Acoustic paraneter

For t he pur pose of automati c extracti onof the

acousti c paranet ersusi ngt he MDVPsof t wareit was deci ded
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to use the phonation of only the vowel /a/. For this purpose
three trials of phonation of vowel /a/, which the subject
produced to determ ne the maxi mum phonation duration were
recorded using the recording deck (Sonodyne SD-740). The
m crophone was kept 4-6 inches fromthe subjects nmouth. The
best of the three trials was chosen and I|ine fed to the

computer for analysis.

Bl ock di agram

Speech |
d ----| Preamplifier —-—— interface -——| PC 486 SsX
unit ’
’ MDVP ‘
|
Deck
d ==--| Preamplifier - Sonodyne

(SD=740)
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DATA ACQUI SI TION OF ANALYSI S FLOW CHART
Enter MDVP

Connect microphone or
other inputs to
external module

Adjust input level on CS2 external
module to avoid overloading. If
using microphone, turn of speaker
volume or select capture on the
main menu of the
"set monitor input ON/OFF"

Adjust captive parameters by
selecting 'capture' on the main menu
and then "set for sustained phonation"
or "set for running speech"

Initiate acquisition process using
pull-down menu or by pressing the F1l
key for single channel capturing

Immediately after desired signal is
recorded; press any key to stop
recording

Press the F7 key for analysis of the
captured signal. After the analysis is
over, press the F8 key for the display
of the values of parameters and F9 key

for the graphical display
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This voice sanple was analysed wusing the MWP
software. After the analysis the display and printout of the
results were obtained for the vowel wth the maxinum
phonation duration. For all subjects of both the groups,
further data was submtted to statistical analysis wusing
NCSS software to obtain descriptive as well as inferential

statistical infornmation.
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RESULTS AND DI SCUSSI ONS

The present study ainmed at exam ning the changes in the
paraneters, as a function of age and sex in children ranging

in age from5 years to 15 years.

1. Average Fundanental Frequency (Fo)

2. Average Pitch Period (To)

3. Highest Fundanental Frequency (Fhi)

4. Lowest Fundanental Frequency (Flo)

5. Standard deviation of the Fundanental Frequency (STD)
6. Fo Trenor Frequency (Fftr)

7. Anplitude Trenor Frequency (Fatr)

8. Absolute Jitter (JITA)

9. Jitter Percent (JITT)

10. Relative Average Perturbation (RAP)

11. Pitch Period Perturbation (PPQ

12. Snoothed Pitch Period Quotient (sPPQ

13. Fundanental Frequency variation (VFO

14. Shimrer in dB (ShdB)

15. Shimrer Percent (Shim

16. Anplitude Perturbation Quotient (APQ

17. Snoothed Anplitude Perturbation Quotient (sAPQ
18. Peak Anplitude Variation (VAM

19. Noise to Harnonic Ratio (NHR

20. Voi ce Turbul ence Index (VTI)
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21. Soft Phonation Index (SPl)

22. Fo Trenor Intensity Index (FTR)

23. Anplitude Trenor Intensity Index (ATR)
24. Degree of Voice breaks (DVB)

25. Degree of Sub-harnonics (DSH)

26. Degree of Unvoiced (DW)

27. Nunber of Voice Breaks (NVB)

28. Nunber of Sub-harnonics (NSH)

29. Nunber of Unvoiced (NW)

The nean and standard devi ati on for all the
paraneters in each age group have been cal cul ated, for
both males and females. The significance of difference
between the age groups and bet ween males and fenales
have been determned wusing the Mnn -Witney 'U test,
descriptive statistics wth the help of NCSS statistica

software program (Hintze, 1992).

1. Average Fundanental Frequency (Fo)

The nmean and standard devi ati on for average Fo
for males and females are present ed in Table 4.1 and

G aph 4. 1.

In nmal es, a consistent decrease in the fundanenta
frequency was observed as a function of age till t he

10-11 yrs age group, Were a sudden drop in frequency



Tabl e 4. 1:

4.3

Mean and SD of average fundanental frequency (Fo)
across age groups in nmales and fenal es

Mal es Femal es
9% 9LavR, Mean S.D Mean S.D.
5-6 353. 30 33.02 301. 12 33. 66
6-7 310. 47 43. 06 328. 36 36. 84
7-8 334. 57 46. 13 296. 05 39. 28
8-9 305. 91 44. 02 294.52 36. 70
9-10 303. 40 55. 39 279. 88 32.95
10-11 246. 03 45, 17 251. 32 47. 87
11-12 242. 61 60. 50 246. 03 45, 17
12-13 245. 79 32.34 249. 35 38. 70
13-14 213.01 49, 33 243. 22 38. 14
14- 15 180. 79 49. 00 238.73 42. 00

Graph 4.1

Mean Fo
gr oups

in

8-9 9-10 10-11 11-12 12-13 13-14 14-16
Age

—&— Males —— Females

mal es and fenales across age
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Table 4.M 1. Significance table showi ng the difference across
age groups in males for Fo

1 2 3 4 5 6 7 8 9 10
1 — S - S S S S S S S
2 S — — - - S S S S S
3 - — — - S S S S S S
4 S — — - - S S S S S
5 S — S - - S S S S S
6 S S S S S - - - S S
7 S S S S S - - - S S
8 S S S S S - - - S S
9 S S S S S S S S - S
10 S S S S S S S S S -

FR = 31.13; PROB = 0.000; HM= 353.3075 ( ); LM= 180.79 ( )

Table 4.F. 1: Significance table showing the difference across
age groups in females for Fo

1 2 3 4 5 6 7 8 9 10
1 - - - - S S - -
2 — — S S S S S S S S
3 — S — - S S - - -
4 — S — — - S S - - -
5 — S — - - S - - -
6 S S S s - - - - - -
7 S S S S S - - - - -
8 - S — - - - -
9 - S - - - - - - - -
10 _ S — — - - - - -
FR = 5.92; PROB = 0.0000; HM= 328.3675 (2); LM= 238.93 (7)



4.5

was observed. Further sudden drop in frequency was al so

observed at the 14-15 yrs age group.

Statistical test results reveal ed a consi st ent
statistical difference at the 0.05 | evel in the age
range 10-11 yrs, 11-12 yrs, 12-13 yrs, 13-14 yrs and
14-15 yrs . The highest nean Fo was observed in t he
age group 56 yrs, (353.3 Hz) which dropped to 246.03 Hz
at 10-11 yrs and again dropped to 180.79 Hz at 14-15 yrs.
Hence the null hypot hesi s stating that there is no
significant difference in the Fo as a function of age
is partly accepted and partly rejected in males. The
results of earlier studi es on Indian population have
indicated that the lowering in the Fo is gr adual til
the age of 10 yrs (Copal,1980) 13 yrs (Usha, 1978); 14 yrs
(Rashm , 1985) and 15 yrs (Sanuel, 1973). In the ©present
study, a sudden nmarked |owering was observed at 10-11 yrs

and again further lowering at 14-15 yrs.

In the case of females also, a gradual [|owering
of Fo was obser ved. The mean val ues decreased from
301.12 Hz at 56 yrs of age to 238.73 Hz in the 14-15
yrs age group. Thus the nul | hypot hesi s stating that
there is no significant difference in t he Fo as a
function of age 1is partly accepted and partly rejected in

f emnl es.
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Statistical t est resul ts reveal ed a consistent
significant difference in the 6-7 yrs age group in t he
0.05 level. A sudden drop in Fo was observed at t he
7-8 yrs age group. Hence the hypothesis stating t hat
there is no significant difference in t he Fo as a

function of age 1is partly accepted and partly rejected.

A conparison of the Fo was nmade between nales and
femal es and f ound t hat t here was a si gni ficant
difference at the 5-6 yrs, 13-14 yrs and 14-15 yrs age
group. Hence the hypothesis stating that there i's no
significant difference between nales and females of t he
sane age group is partly rejected and partly accept ed.
The results of a study by Gopal (1980) reveal ed t hat
there was no significant difference between nales and
females up to the age of 10 yrs, after which a marked
difference was obtained between the 2 sexes. The results
of a study by Rashm (1985) indicated a significant
difference at 11-12 yrs, 13-14 yrs and the 14-15 yrs age

groups.

The present study mrrors the findings of other
investigators from the 10-11 yrs age group onwards in the
case of both nmales and females. However in the case  of
males and females, the Fo was found to be very high from

the 56 yrs age group to the 9-10 yrs age group when
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conpared with the findings of other investigators. In nales
the sudden Ilowering of Fo was attributed to the changes
in the vocal apparatus at puberty which is seen to occur
at the age of 10 yrs, which agrees with the findings of
Copal (1980), but lower than the findings of Usha, 1978
(13 yrs); Rashm, 1985 (14 yrs) and Samuel, 1973 (15 yrs).

Thus the study of Average Fo in males and fenales

in the age group 5-15 yrs revealed the follow ng:

a. In males there is a gradual |owering of Fo
up to 10 yrs after which there was a narked decrease in
the Fo and there was further lowering of Fc at the

14-15 yrs age range.

b. In females, a gradual Ilowering of Fo was seen

from the 7-8 yrs age group to 14-15 yrs.

c. A significant difference in t he Fo bet ween
mal es and femal es was observed in t he age gr oup

56 yrs, 13-14 yrs and 14-15 yrs.

2. Average Pitch Period (To)

The mean and st andard deviation for To are

presented in Table 4.2 and Gaph 4.2.

The statistical t est results revealed that there

was no significant difference in the age range 56 yrs
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Table 4.2: Mean and SD of average pitch period (To) ¢cross
age groups in nmales and fenal es
Mal es Feral es
(in years) Mean S. D Mean S. D
5-6 2.85 0.28 3.43 0. 44
6-7 3.30 0.48 3.08 0. 38
7-8 2.96 0.32 3.42 0. 46
8-9 3.34 0.53 3.48 0. 49
9-10 3.33 0.61 3.61 0. 42
10-11 4.16 0.58 4.08 0.59
11-12 3.97 0.75 4.16 0. 57
12-13 3.63 0.38 3.77 0. 49
13- 14 3. 96 0. 68 3.72 0. 49
14- 15 3.75 0. 60 3.79 0.51
" K;g TS
\\\\::?4;“_%J,,2;ﬂs

2.6 T =T | T T T T T

6-6 6-7 7-8 8- 9 9-10 10-11 11-12 12-18 13-14 14-15
Age
—4— Males —+— Females I
Graph 4.2 Mean To in males and fermales across age

gr oups
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Table 4.M 2: Significance table showi ng the difference across
age groups in males for To
1 2 3 4 5 6 7 8 9 10

1 — S — S S S S S S S
2 S — - - - S S - S S
3 - — - - - S S S S S
4 S — - - - S S - S S
5 S — — - - S S - S S
6 S S S S S - - S - -
7 S S S S S - - - - -
8 S — S - - S - - - -
9 S S S S S - - - - -

10 S S S S S - -

FR = 9.92; PROB = 0.0000; HM= 4.16 (6); LM= 2.85 (7)

Table 4.F. 2: Significance table showing the difference across

age groups in females for To
1 2 3 4 5 6 7 8 9 10

1 ' ' - s s -
2 — — — S S S S S S
3 —_ - — — - S S - - -
4 — S — — - S S - - -
) — S — — - S S - - -
6 S S S S S - - - - -
7 S S S S S - - - S -
8 — S — - - - - - - -
9 - S — - - - S - - -
10 — S — —_ — — —_ -
FR .50; PROB = 0.0000; HM = 4.16 (7); LM= 3.08 (2)
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to 9-10 yrs in mal es. A significant difference was
observed at the 0.05 Ilevel in the 10-11 yrs, 11-12 yrs,
12-13 yrs, 13-14 yrs and 14-15 yrs age group. A few
random significant differences were found in scr.e groups.
Thus the hypotheses stating that there is no signi ficant
difference in the To as the function of age S partly

accepted and partly rejected in males.

In the case of females, a significant difference
was observed in the 10-11 yrs and 11-12 yrs age groups
at the 0.05 |level. The highest To was observed in t he
11-12 yrs age group with a nean of 4.16 ns. and the
|owest To was observed in the 6-7 yrs age group wth
a nean of 3.08 ns. Thus t he hypot hesis stating t hat
there is no significant difference the To as a function
of age is partly accept ed and partly rejected in

f emnl es.

A conparison of t he aver age To between males
and fenales reveal ed t hat the statistical di fference
was observed at t he 56 yrs age group at the 0.05
| evel . Thus the hypothesis stating that there is no
significant difference in the To as a function of age is
partly accepted and partly rejected between nales and

f emal es.
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Thus the results summarized are as foll ows:

a. In males, a significant difference was noticed
at the 10-11 yrs age group Wwhere t he mean val ue was

4.16 ms.

b. In females a significant difference was noticed
at the 10-11 yrs and 11-12 yrs age group as against the

ot her age groups.

c. Wen mal es and femal es wer e conpar ed for
average To a significant difference was found in the 5-6

yrs age group only.
3. Highest Fundanental Frequency (Fhi)

The nmean and standard deviation of Fhi has been
presented in Table 43 and Gaph 4.3. In nales the highest
Fhi was found in the 5-6 yrs age group with a nean of
390.14 Hz and the lowest Fhi was observed in the 14-15 yrs
age group wth a nean of 236.62 Hz. The highest Fhi is
seen to drop from 314.86 Hz in the 9-10 yrs age group
to 276.51 Hz in the 10-11 yrs age group.

The statistical test results revealed that there
was a significant difference at the 0.05 level for t he
5-6 yrs age group. Thus the null hypothesis seating that
there is no significant difference in the Fhi in mal es

is partly accepted and partly rejected.
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Mean and SD of highest fundanental frequency
(Fhi) across age groups in nmales and fenal es

Mal es Femal es
Age group
(in years) Mean S. D. Mean S. D
5-6 390. 14 43. 77 328. 80 27.14
6-7 326. 81 39. 66 350. 46 43. 81
7-8 264. 77 33. 87 323. 46 28. 66
8-9 322.85 41.76 320. 87 38.31
9-10 314. 86 60. 14 290. 96 35.70
10-11 276. 57 90. 15 265. 80 44,78
11-12 268. 73 95. 97 276. 57 90. 15
12-13 282. 68 49. 01 282. 87 43. 30
13-14 255. 59 82. 65 326.72 94, 31
14- 15 236. 62 80. 12 306. 66 83. 60
Highest fundamental frequency (Hz)
400 ]

360 - ]

300 e " / \\\L“ \\\\ - il ——

\‘k\\ N 4__,_’/;7A——~V/

e

250 e e S e \&‘L‘:—\__‘\

A

200 i ] T I I I T I I i
5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-183 13-14 14-16

Age
—&— males —+— Females
Graph 4.3 Mean Fhi in males and fenmales across age

gr oups



4.13

Table 4.M 3: Significance table showing the difference across
age groups in males for Fhi

1 2 3 4 5 6 7 8 9 10
1 S _ S S S S s S s
2 S - - — - - - - s .
3 - - - - - S S S S s
4 S - - - - - - - S -
5 S - - - - - - - S -
6 S - S - - - - - - -
7 S - S — - - - - - -
8 S - S — — - - - - -
9 S S S S S - - - - -

10 S — S —  — — —_ = = =

FR = 5.34; PROB = 0.0000; HM = 390.1456 (1); LM= 259.99 (9)

Table 4.F.3: Significance table showi ng the difference across
age groups in females for Fhi

1 2 3 4 5 6 7 8 9 10
1 - _ — — _ S S - -
2 — — — — S S S S - -
3 - - - - - S - - - -
4 - - — — - S - - - -
5 - S - - - - - - - -
6 S S S S - - - s -
7 S S - - - - - - S -
8 - S — - — - - - - -
9 - - - — - s S — -
10 — — — — - = — - - —
FR = 3.26; PROB = 0.001 ; HM= 350.46 (2); LM= 265.80 (6)
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In females, the highest Fhi was found to occur in
the 6-7 yrs age group wth a nean of 350.46 Hz and the
| owest nean was observed to occur in the 10-11 yrs age
group with a nean of 265.80 Hz. The statistical test
results revealed that there was a difference at the 0.05
| evel for the 5-6 yrs age gr oup. Hence t he nul |
hypothesis stating that there is no significant difference
in the Fhi as a function of age is partly accepted and

partly rejected in fenales.

A conmparison of the highest Fhi between nmales and
females was nmade. The statistical test results revealed
that there was no difference between any age group from
56 yrs to 14-15 yrs age group. Thus the hypothesis
stating that there is no significant difference in t he
Fhi as a function of age is partly accepted and partly

rejected in fenales.

The decreasing trend in the highest Fhi may be a
consequence of neuromuscular maturation and this along with

the lowest Fhi could be taken as an index of accuracy in

t he | ar yngeal adj ust nent s, indicating that finer co-
ordination is gained over the larynx with increase in
age.

A conparison of the highest Fhi between nales and

femal es has been done. The statistical rest results
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revealed a few random significant differences between sone
age groups. A significant difference was observed between
the 9-10 yrs and 10-11 yrs age groups. Thus the null
hypot hesi s stating t hat t here s no signi ficant
difference in the Fhi as a function of age is partly

accepted and partly rejected in fenales.

Thus the study of Fhi in nales and females in

the age group 5-15 yrs revealed the follow ng

a. In males there was a gradual [|owering of t he
Fhi up to the 9-10 yrs age group, after which there was

a marked decrease in the Fhi.

b. In females, there was a gradual | oweri ng of
the Fhi upto the 89 yrs age group after whi ch t here

was a nmarked decrease in the Fhi.

C. The conpari son bet ween mal es and femal es
revealed a statistical difference bet ween t he 9-10 yrs

and 10-11 yrs age groups.

4. Lowest Fundanental Frequency (Flo)

The nean and standard deviation of the Flo are
presented in Table 44 and Gaph 4.4. In nmales there was a
gradual |owering of the Fhi fromthe 56 yrs age group

to the 14-15 yrs age group wth the highest nean value
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gr oups

Table 4.4: Mean and SD of |owest fundanental frequency (Flo)
across age groups in males and femal es
Mal es Femal es
Age group
(in years) Mean S. D Mean S. D
5-6 320. 29 101. 83 274. 24 50. 37
6-7 276. 18 46. 64 298. 09 43. 64
7-8 309. 33 39.43 272.19 47.77
8-9 289. 65 42.19 263. 08 58. 43
9-10 290. 79 59. 58 271. 07 31.68
10-11 215. 82 26. 25 306. 81 74. 34
11-12 215.76 78. 33 215. 82 26. 25
12-13 230. 90 40. 52 258. 03 34. 96
13- 14 199. 04 38.58 248. 45 29. 97
14- 15 168. 67 35. 38 248.73 39.12
Lowest fundamental frequency (Hz)
380 T
N
300 = B ._X_\,'"'i’\.___‘__ i ST SEP T AL
L aﬁ)
250 P e T N e T S __\\ B __'.‘;_.__'_.____,__,_
‘ O \ s
A ~
\\\
200 B - S P L g —— T s . ._";&__ I
\\\\
160 T T T T T —T T T
5-6 8-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-16
Age
—4— Males —+— Females
G aph 4.4 Mean Flo in males and females across age
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Table 4. M 4: Significance table showing the difference across
age groups in males for Flo

1 2 3 4 5 6 7 8 9 10
1 — S - S S S S S
2 S — — — - S S - S -
3 - - - - - S S S S S
4 - - - - - S S - S S
5 - - - - - S S - S S
6 S S S S S - - S - -
7 S S S S S - - S - -
8 S - S - - S S - -
9 S S S S S - - -

10 S — S S s — — — — —

FR = 9.09; PROB = 0.0000; HM = 320.29 (1); LM = 215.820 (6)

Table 4.F.4: Significance table show ng the difference across
age groups in females for Flo

1 2 3 4 5 6 7 8 9 10
1 — — — - S S —
2 — — — S - S S S S S
3 - - - - - S S - - -
4 — s — - - - S - - -
5 - — - - - S S - - -
6 S S S - S - - - - -
7 S S S S S - - S S -
8 - S — — - S - - -
9 - S — — - - S - - -
10 — s e — — - = =

FR = 4.41; PROB = 0.0000; HM = 290.09 (2); LM= 215.82 (7)



4.18

observed at the 56 yrs age group i.e., 320.29 Hz and t he
| ownest nean value observed at the 14-15 yrs age group,
reading 168.67 Hz. The statistical test results revealed a
significant difference in the 10-11 vyrs, 11-12 yrs age
group. A sudden drop in the Flo from 290.79 Hz in the
9-10 yrs age group to 215.82 Hz in the 10-11 vyrs age
group was observed. Simlarly a drop from230.90 Hz in the
12-13 yrs age group to 199.40 Hz in the 13-14 yrs age
group was observed. Thus the hypothesis stating there is
no significant difference in the Fhi in males s partly

accepted and partly rejected.

I n femal es, statistical anal ysi s reveal ed a
significant difference in the 10-11 yrs age group. As can
be observed from Table 4.4 and G aph 4.4, there is a
sudden drop in the Fhi from a nean of 306.81 Hz in t he
10-11 yrs age group to a nean of 215.82 Hz in the 11-12
yrs age group. This sudden change can be attributed to
neuronmuscul ar maturation in the pubertal period. Thus t he
hypothesis stating that there is no significant di fference
in the Fhi, in fenales S partly accepted and partly

rej ected.

The statistical test results of the Fhi conparing
males and fe tales revealed that there was a significant

difference at the 0.05 Ilevel in the 10-11 yrs age group.
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Thus the hypot hesi s stating there is no significant
difference between nmales and females with respect to Fhi

is partly accepted and partly rejected.

Briefly summarizing the results, it can be stated

t hat :

a. There was a gradual Ilowering in the Fhi till
the 9-10 yrs age group after which there was a sudden
drop in the Fhi in the 10-11 yrs from 290.79 Hz to
215.82 Hz.

b. There was a significant difference in the 11-12
yrs, 13-14 yrs and 14-15 yrs age gr oup. There was an
abrupt drop in the 10-11 yrs age group from a nmean of

306.81 Hz to 215.82 Hz.

c. A conparison bet ween mal es and femal es of
each group refl ect a statistical di fference at t he

11-12 yrs, 13-14 yrs and 14-15 yrs age group.
5. Standard Devi ation of the Fundanental Frequency (STD)

The nean and standard deviation of STD has been
provided in Table 4.5 and G aph 4.5. In males, t he
hi ghest nmean was observed in the 7-8 yrs age group wth
a men of 3.16 Hz and the |owest nean observed in the

12-13 yrs age group. The statistical test revealed a few
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Table 4.5: Mean and SD of standard devi ati on of
frequency (STD) across age groups

f undanent al
n nmales and

f emal es
Mal es Fenal es

?9% 9%3?%) Mean S. D Mean S.D
5-6 6. 02 3.24 4.38 1.64
6-7 5.32 1.28 6. 83 3.38
7-8 6. 82 3.39 4. 64 1.86
8-9 4.13 1. 66 4. 77 0. 80
9-10 3.77 1.19 4.58 0.29
10-11 4,78 3.44 3.34 0. 87
11-12 4.03 3.49 4. 77 3.45
12-13 3.62 2.13 3.62 1.82
13-14 4. 45 2.76 5.45 3.83
14- 15 5.29 3.88 5.16 3.57

Standard deviatlon of Fo (Hz)
7

AWAVA

7

A s

T T T T 1 T T T T
5-6 6-7 7-8 8-9 9-10 10-11  11-12  12-13 13-14 14-16
© Age
—4— Males —— Females
G aph 4.5 Mean STD in nmamles and fenmles across age

gr oups
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Table 4.M5: Significance table showing the difference across
age groups in males for STD

1 2 3 4 5 6 7 8 9 10
1 o o — - — S — —
2 S - - - — - - - - -
3 - S - S S - S S S -
4 s - - - — - - - - -
5 s - - - - - - - - -
6 - - - - - — - i} - -
7 s - - - - - - - - -
8 S - S — — - - - - -
9 S - - — — - - - - -
10 — —_ — — —_ — — — — —

FR = 2.03; PROB = 0.0403; HV = 6.82 (3); LM= 3.61 (8)

Table 4.F.5: Significance table showing the difference across
age groups in females for STD

1 2 3 4 5 6 7 8 9 10
1 S - - - - -
2 - - - - - - - - - -
3 - S - - - - - - -
4 - S - - - - - - - -
5 - S - - - - - s -
6 - S - - - - - - - -
7 - S - - - - - - - -
8 - s - - - - - - - -
9 - . - - - S - - - -
10 e — — — — — —
FR = 2.88; PROB = 0.0038; HV = 6.38 (2); LM= 3.09 (5)
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random si gni fi cant differences. Thus the hypothesis stating
there is no significant difference in SID is partly

accepted and partly rejected.

In females the highest nean observed was 6.83 Hz
in the 6-7 yrs age group and the |owest observed was
3.09 Hz in the 9-10 yrs age group. The statistical test
revealed an inconsistent significant difference in the 5-6
yrs, 7-8 yrs, 89 yrs, 9-10 yrs, 10-11 yrs, 11-12 yrs and
12-13 yrs age groups against the 6-7 yrs age group. Thus
t he hypot hesi s stating that there s no signi ficant
difference in the SID in fenales is partly accepted and

partly rejected.

When the STD  between nmmles and femal es wer e
conpared, statistical results reveal ed no significant
di fference between them Hence the hypothesis stating
that there is no significant difference between nmales and

females with respect to STD is accepted.

Thus the follow ng concl usions have been reached on the

STD bet ween mal es and f emal es:

a. In mles a few random significant di fferences
wer e observed Wi th t he hi ghest mean falling in the
7-8 yrs, the nmean being 6.82 Hz and the | owest nmean

showirg 3.62Hz at the 12-13 yrs age group.
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b. In fermales also an I nconsi st ent significant
di fference was observed at the 6-7 yrs age group against the

age groups 56 yrs and 7-8 yrs to 12-13 yrs.

C. VWhen STD bet ween mal es and f emal es was

conpared, no significant difference was observed.

6. Fo trenor Frequency (Fftr)

Fo trenmor frequency (FFTR) is the frequency of the nost
intensive |low frequency Fo nodulating conponent in t he

specified Fo-trenor analysis range.

The nean and standard deviation of the Fo trenor
frequency in males and fermales are presented in Table 4.6 and

G aph 4.6.

In males, as can be seen from Table 4.6 and
Graph 4.6, there was no significant difference in the Fo
trenor frequency across age groups thus accepting the nul
hypot hesis stating that there is no significant difference in

the Fo trenor frequency across the age group 5-15 yrs.

In femal es al so, there was no si gni fi cant
difference in the Fo trenor frequency across t he age
groups 5-15 yrs again accepting the hypothesis stating that
there is no significant difference in t he Fo trenor

frequency across the age group 5-15 yrs in females.
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Table 4.6: Mean and SD of F, trenor frequency (Fftr) across
age groups in males and fenal es

Mal es Femal es
98 963R) Mean ) Mean S.D
5-6 2.84 2.25 2.69 4. 38
6-7 2.63 1.34 2.02 0.45
7-8 2.03 0. 45 2.81 1.29
8-9 2.52 1.85 1.82 0. 22
9-10 2.31 2.04 1.90 0. 60
10-11 1.78 3.44 3.29 1.94
11-12 4.54 5.70 4. 25 5. 36
12-13 2.45 1.19 1.94 0. 65
13-14 4. 29 5.40 2.16 0.73
14- 15 3. 47 5.50 2.29 1.24
Fo tremor frequency (Hz)
1 ] T I I T I T |
56 6-7 7-8 8-9 9-10 10-11 T11-12 12-13 13-14 14-16
Age
—&— Males —— Females
Graph 4.6 Mean Fftr in males and females across age

gr oups
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Table 4.M6: Significance table showing the difference across
age groups in males for Fftr

Qouoo~NOUIRWNE
|
|
|
1
1
1

=

FR = 0.46; PROB = 0.8968; HM = 4.29 (9): LM= 1.78 (6)

Table 4.F.6: Significance table showi ng the difference across
age groups in females for Fftr

1 2 3 4 5 6 7 8 9 10
1 _ _ _ _ _ _ _ _
2 - - - - - - S - - -
3 — - — - - - - - - -
4 - — - - - — S S —
5 R — - — — — S - - -
6 — — - — — — T - — -
7 — s - S S — s S
8 - — - — — - S Z - -
9 - — - - — - S _ - i

10 - — A — — — s — - —

FR=1.74; PROB = 0.0884; HM= 4.25 (7); LM= 1.8 (4)
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The difference between nmales and fermales for Fo trenor
frequency was al so observed and statistical results revealed
no significant difference in any of the age groups and thus
accepting the hypothesis stating that there is no significant
difference between nales and fenales across the age groups

5-15 yrs for Fo trenor frequency.

7. Anplitude Trenor Frequency (Fatr)

It is defined as the frequency of the nobst intensive
| ow frequency anplitude nodul ati ng conponent in the specified

anplitude trenor range.

The nean standard deviation of the Fatr across age

groups are presented in Table 4.7 and G aph 4.7.

In mal es, the highest mean was observed in the age
group 7-8 yrs with a value of 529 Hz and statistical results
revealed a significant difference in the 7-8 yrs age group. A
few random scattered significant differences wer e al so
observed. Thus the null hypothesis stating that there is no
significant difference in the anplitude trenor frequency
across age groups in males is partly accepted and partly

rej ect ed.

In females , the highest nean was observed in the age

group 6-7 yr with a mean of 4.91 Hz and a low nean of 1.99
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Table 4.7: Mean and SD of anplitude trenmor frequency (Fatr)
across age groups in males and fenal es

Mal es Femal es

Age group
(in years) Mean S. D Mean S. D
5-6 4. 80 4.44 3.59 2.09
6-7 3.34 2.07 4.91 3.12
7-8 5.29 3.01 3.72 2.06
8-9 3.68 3.73 4. 22 2.20
9-10 3.64 3.00 1.99 1.78
10-11 1.78 3.44 4.43 4.03
11-12 3.83 3.59 3.06 1.99
12-13 2.81 2.09 2.28 1. 47
13-14 2.45 1.62 2.23 1.50
14- 15 2.10 4.27 2.94 1.73

Amplitude tremor frequency (Hz)

0 1 T I 1 I ] T |
5-6 6-7 7-8 8-9 9-10 10-11  11-12 12-13 13-14 14-15

Age

—=— Males —— Females

Gaph 4.7 Mean Fatr in nmales and fermales across age
groups
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Table 4. M7: Significance table showing the difference across
age groups in males for Fatr

1 2 3 4 5 6 7 8 9 10
1 — - - - - - -
2 - - S - - - - - - -
3 - S - S - - S S S S
4 - — S - - - - - - -
5 - - _ ; - - - - - ;
6 - - - - - - - - - -
7 - - S - - - - - -
8 - - S - - - - - -
9 - - S - - - - - - -
10 — — s — — — — — — —
FR = 2.07, PROB = 0.0444; HM=5.29 (3); LM = 2.1 (10)

Table 4.F.7: Significance table show ng the difference across
age groups in females for Fatr

1 2 3 4 5 6 7 8 9 10
1 _ _ _ _
2 . . . . S . . S S s
3 - - - - - - - - - -
4 — - - - S - - S S -
5 — S - S - S - - - -
6 — - - - S - - S S -
7 - - - - - - - - - -
8 — S - S - S - - - -
9 - S - S - S - - -
10 — s — - - = = = = =

FR = 2.78, PROB = 0.0056; HM = 4.91 (2); LM= 1.99 (5)
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was observed in the age group 9-10 yrs . The statistical test
results revealed a signi fi cant di fference in the age
groups 9-10 yrs, 12-13 yrs and 14-15 yrs . Thus t he

hypot hesis stating that there is no significant difference in
the Fatr in females across the age group 5-15 yrs is partly

accepted and partly rejected.

A conparison between males and fenales across age
groups yielded no significant difference, hence the hypothesis
stating that there is no statistical difference in Fatr

between mal es and fenal es across age groups is accepted.

8. Absolute Jitter (JITA)

It is evaluation of the period to period variability of

the pitch period within the analyzed speech sanple.

The nmean and standard deviation of the Absolute Jitter
has been presented in Table 4.8 and Graph 4.8. In males, the
hi ghest JI TA was observed at the age group of 10-11 yrs wth
the nmean value falling at 71.7 us. and the |owest value
falling at 17.29 wus in the age group of 89 yrs The
statistical test results revealed a significant difference
in the age group 10-11 yrs and a few random significant
di fferences. Hence the hypothesis stating that there is no
significant difference in the JITA in males from t e age
group 56 yrs to 14-15 vyrs is partly accepted and partly

rej ect ed.
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Table 4.8: Mean and SD of absolute jitter (Jita) across age
groups in nmales and fenal es
Mal es Feral es
Age group
(in years) Mean S. D Mean S. D
5-6 19. 31 10. 90 23. 44 12. 68
6-7 20. 82 12. 62 21.97 13.01
7-8 20. 89 13. 18 24. 47 12. 74
8-9 17. 29 6. 75 30. 56 50. 95
9-10 20. 97 10. 90 20. 97 4. 46
10-11 71.70 3.44 34.00 31.89
11-12 30.76 23.25 43. 87 27. 25
12-13 25. 83 29. 49 29. 28 15.72
13- 14 34.70 18. 26 37.62 30. 68
14- 15 40. 18 25.91 29.78 23.57
Absolute Jitter (us)
62
42 B / A h
” /\ ‘ v N
22— =t / T
12 T | | T T T Y T
5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-16
Age
—&— Males —+— Females
Graph 4.8 Mean Jita in males and female  across age

gr oups



4. 31

Table 4.M 8: Significance table showing the difference across
age groups in males for Jita

1 2 3 4 5 6 7 8 9 10
1 - — - - - S — —  — s
2 - - - - - S — - -
3 - - - - - S - - - _
4 - — — - - S - —  — S
5 - - S - - - .
6 S S S S S - S S s g
7 - - — - - S _ — — -
8 — - = - - S - - — S
9 - _— — - S - — - -
10 S - - S - S — s - —
FR = 5.54; PROB = 0.0000; HV = 91.7 (6); LM= 17.29 (4)

Table 4.F. 8. Significance table show ng the difference across
age groups in females for Jita

1 2 3 4 5 6 7 8 9 10
1 - - - - =  — s — - -
2 — - — — - — S — s -
3 — = — - - - S - - -
4 - — — — - S S - S -
S — - — - - - S - S -
6 - - - S - - - - - -
7 S S S S S - - - - -
8 - - - - - - - - - -
9 - S - S S - - - - -
10 - - - - - - - - - -
FR = 2.94; PROB = 0.0031; HV = 43.87 (7); LM= 17.22 (4)
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In females also there was a significant difference in
the age group 11-12 yrs with highest nean falling at 43.87 us
for the 11-12 yrs age group and the lowest nean falling at
17.22 us in the 8-9 yrs age group. Thus the hypothesis stating
that there is no significant difference in the JITA in females

from5-15 yrs is partly accepted and partly rejected.

A conparison between males and females showed no
significant difference thus accepting the null hypothesis that
there is no significant difference in JITA between males and

females in the age group 5-15 yrs.

A study by Anitha(1994) using adult males and females
reveal ed that the JITA values were higher in nales conpared to
females. Results of the present study have revealed that
there is no significant difference and this may be attributed

to maturati onal factors.
9. Jitter percent (JITT)

The nean and standard deviation of the JITT across
different age groups in nmales and fenmales are presented in

Table 4.9 and G aph 4.9.

In males the highest nean (2.11% was observed at
the age group 10-11 yrs and the |owest nean at the age

group 8-9 yrs (0.51). The statistical test result revealed
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Table 4.9: Mean and SD of jitter percent (Jitt) across age
groups in males and fenal es

Mal es Femal es

Age group
(in years) Mean S. D Mean S. D
5-6 0. 68 0.28 0.64 0.31
6-7 2.72 8.02 0.71 0. 32
7-8 0.70 0.33 0. 68 0.28
8-9 0.51 0.16 0. 80 1.14
9-10 0. 63 0.27 0.57 0.11
10-11 2.11 3.44 0.79 0.44
11-12 0.78 0. 48 0.94 0. 56
12-13 0. 62 11. 24 0.79 0.53
13- 14 0.92 0. 60 0.16 17.97
14- 15 1.15 0.90 3.80 11. 20

Jitter percent (%)

v

6-6 EL?' 7-8 8-9 9-10 10-1 1-12  12-13 13-14 14-16
Age

—&— Males —— Females

Mean Jitt in males and females across age

Graph 4.9
gr oups
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Table 4.M9: Significance table showi ng the difference across
age groups in males for Jitt

1 2 3 4 5 6 7 8 9 10
1 — = - — — S - - - -
2 — - — - - S - — = =
3 — - — - - S - - = —
4 — - — - — S - - - =
5 — - - - - S - — - -
6 S S S S S - S S S s
7 —_ — — - - S - — — -
8 — — - - - S - — — -
9 — - — - - S - - - —
10 — - — — — S - - -
FR = 2.71; PROB = 0.0064; HM = 2.11 (6); LM = 0.51 (4)

Table 4.F.9: Significance table showing the difference across
age groups in females for Jitt

1 2 3 4 5 6 7 8 9 10
1 S — — — — — - — s -
2 — — — - - - - - - -
3 - - - - - - - - - -
4 — - - - - - - - - -
5 — - - - - - - - S
6 — N - - - - - - - -
7 —_ — — - - - - - - -
8 S . - . . . -
9 S - - - - - - - -
10 _ - - - - - - - - -
FR = 1.14; PROB = 0.3421; HV = 1.18 (9); LM = 0.57 (5)
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a consistent difference between the age group 10-11 yrs and
others. The results of a study by Anitha (1994) had reveal ed
that the nean of normal adult JITT values for phonation [/al
was 0.654. These values were conpared with the values of the
present study. The sudden change to higher JITT val ue of
2.11% in the age group 10-11 yrs may be a result of the onset
of pubertal changes and because the JITT values in the 11-12
yrs had dropped down to 0.78 , probably an indication that
the child has adjusted to the changes in the vocal system at
puberty, a significant difference was noticed. Thus the
hypot hesis stating that there is no significant difference in
the absolute jitter across age groups in males is partly

accepted and partly rejected.

In females the JITT values were consistent throughout
the age group studied wth the maxi mum nean falling to 0.94%
in the age group 11-12 yrs age range and the |owest nean at
0.57% in the age group 9-10 yrs. The results of statistical
analysis revealed no significant difference. Thus accepting
the null hypothesis stating that there is no significant
difference in the JITT values in the age range 5-15 yrs in

f emal es.

A conparison between nmales and females revealed no
significant difference on statistical analysis thus accepting
the hypothesis that there is no significant difference in the

JITT val ues between nales and fenmml es.
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10. Rel ative Average Perturbation (RAP)

It is defined as the relative evaluation of the period
to period variability of the pitch of the analyzed voiced

sanple with a snoothing factor of 3 periods.

In mal es, the highest nean was seen in the age group
10-11 yrs with a value of 1.31% and the |owest nean was seen
at 0.29 in 89 yr age group. Statistical results revealed
significant difference between the age group 10-11 vyrs like
ot her age groups. As can be seen from Table 4.10, the RAP goes
up to 1.37 in the age group 10-11 yr from 0.37 in the age
group 9-10 yr olds. This change may be the result of the
pubertal changes in the age group 10-11 yrs because the RAP
values drop down to 0.47 in the age group 11-12 vyrs which
may be explained as an adjustnment to the pubertal changes.
Thus the hypothesis stating that there is no significant
difference in the RAP in nmales in partly accepted and partly

rej ect ed.

In females a significantly high value is observed in
the age group 13-14 yrs wth the nmean being 0. 84. Statistical
results confirm the findings as the results revealed a
significant difference in the age group 9-10 yrs . Thus
the hypothesis stating that t here IS no signi ficant
difference in the RAP in females is partly accepted and partly

rej ect ed.



4. 37

Table 4.10: Mean and SD of relative average perturbation
(RAP) across age groups in nales and fenal es

Mal es Fenal es

%9% 9%398) Mean S. D. Mean S. D
5-6 0.41 0.16 0. 38 0.18
6-7 0. 43 0.23 0.41 0.19
7-8 0.41 0.20 0. 39 0.18
8-9 0.29 0. 09 0. 46 0. 67
9-10 0. 37 0.16 0.33 0.07
10-11 1.31 3.44 0. 47 0.27
11-12 0. 47 0.29 0.65 0.35
12-13 0. 48 0. 46 0. 47 0.33
13- 14 0.52 0. 34 0.84 0.63
14- 15 0. 68 0.56 0. 55 0.48

Relatlve average perturbation (%)

5
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G aph 4.10 Mean RAP in males and fenmales across age
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Tabl e 4. M 10: Significance table showing the difference across
age groups in nmales for RAP

Qv ~NOUIDWNE
nuunumrnuunum nm

[ —

T

Py
Il

N

.41; PROB = 0.0146; HV = 1.31 (6); LM= 0.29 (4)

Table 4. F. 10: Significance table showi ng the difference across
age groups in females for RAP

1 2 3 4 5 6 7 8 9 10
1 - - - - = = = - s -
2 - — - - . - - - s -
3 - - - - - - - . s -
4 - - - - - - . . s -
5 - - - - - - - . s -
6 - - - - — - - - s -
7 - - - - - - — - _ -
8 . . . . . . . . s -
9 s s S S S S . s - .
10 - - - - - - - - — -
FR = 2.24; PROB = 0.0225; HM= 0.84 (9); LM= 0.33 (5)
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Wen males and fenmales were conpared there was no
significant difference in the RAP. Further, it was confirned
by statistical analysis. Thus, the hypothesis stating that
there is no difference in the RAP between males and females is

accept ed.
11. Pitch Period quotient (PPQ

The nmean and standard deviation of PPQ are given

in Table 4.11 and G aph 4.11.

In mal es the values were found to vary minimally froma
high of 1.48 in the age group 7-8 yrs to a low of 0.30 in the
age group 89 yrs Statistical test results revealed that there

was no significant difference across groups in males, thus

accepting t he hypot hesis stating t hat t here i's no
significant difference of the pitch period quotient in
mal es.

In females also there was no significant difference
on the statistical test wth values ranging from 1.48
in the age group 6-7 yrs to 0.35 in the age group 9-10 yrs
distributed across age groups. Statistical test results
indicated that there was* no significant difference. Hence
hypot hesi s stating t hat t here 'S no significant

difference in PPQ in fenmales 1is accepted.
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Table 4.11: Mean and SD of pitch period perturbation
gquotient (PPQ across age groups in nales and
femal es

Mal es Femal es

Age group
(in years) Mean S. D. Mean S.D
5-6 0.42 0.15 0.41 0.16
6-7 0.94 2. 17 1.48 2.97
7-8 1.48 2.97 1.42 0.16
8-9 0.30 0.90 0.49 0.72
9-10 0. 36 0.14 0.35 0. 06
10-11 1.20 3.44 0.48 0. 26
11-12 0.53 0.33 0.70 0.34
12-13 0. 45 0. 39 0. 47 0.29
13- 14 0.55 0.31 0.76 0.59
14-15 0.69 0.54 0.53 0. 46

1.8
1.4 *“ﬁ
3.2

L/ /

\ LN\ :
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0.2
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5-6 6-7 7-8 8-9 9-1C 10-11 11-12 12-13 13-14 14-16

Age
—&— Males —— Females
G aph 4.11 Mean PPQ in nmales and fenmales across age

gr oups
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Table 4. M 11: Significance table show ng the difference across
age groups in males for PPQ

Quooo~NoUIThhWNE
|
|
|
|
|
|

=

FR=1.17; PROB = 0.3209; HV = 1.48 (3); LM= 0.30 (4)

Table 4.F.11: Significance table showing the difference across
age groups in females for PPQ

1 2 3 4 5 6 7 8 9 10
1 — S - - - - - - - -
2 S - S S S S S S - S
3 - S - - - - - - - -
4 — S - - - - - - - -
5 - S - - - - —_ - - -
6 - S - - - - - - - -
7 - S - - - - - - - -
8 — S — - - - - - - -
9 - _ - - - - - - - -
10 - S - - - - - - - -

FR = 1.62; PROB = 0.1155; HVM = 1.48 (2); LM= 0.35 (5)
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Wen a conpari son between nales and femal es were done,
results on the statistical test revealed that there was no
signi ficant di fference bet ween mal es and fenales t hus
accepting the hypothesis that t here is no significant
difference in the pitch period quotient values bet ween

mal es and femal es.

12. Snoot hed pitch period quotient (SPPQ

This is the relative evaluation of the short or |ong
term variability of the pitch period wthin the analyzed

voi ce sanple at snoothing factor.

The nean and standard devi ati on of males and
females across different age groups are presented in
Table 4.12 and G aph 4.12. The statistical test results
revealed that there was no significant difference in
mal es, females across different age groups and between
males and fenmales of each age group. The highest nean
val ue was obtained in the age group 10-11 yrs wth the nean
reading 1.32% and this change may be attributed to puberta

changes.

Thus the hypot hesi s stating t hat there is no
significant difference in nmales and femal es across age
groups and between nales and females of each group was

accept ed.
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Table 4.12: Mean and SD  of snoot hed pitch peri od
perturbation quotient (SPPQ across age groups
in mal es and fenmales

Mal es Femal es

Age group
(In years) Mean S. D Mean S.D
5-6 0. 62 0.21 0.59 0.16
6-7 0. 56 0.16 0.58 0.17
7-8 0. 56 0.18 0.59 0.16
8-9 0.49 0.11 0.93 1. 80
9-10 0.54 0.13 0.51 0. 06
10-11 1.32 3.44 0. 66 0.23
11-12 0.59 0.27 0.74 0.32
12-13 1. 09 1. 89 0.63 0.23
13-14 1.76 0. 30 0. 89 0. 56
14-15 0.83 0. 48 1.23 1.82

Smoothed pitch period perturbation (%)

0.5

0 I T I I I T I T
6-6 6-7 7-8 8-9 9-10 10-11 1112 12-13 13-14 14-16

Age

—&— Male —— female

Mean sPPQ in nales and females across age

Graph 4.12
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Table 4.M 12: Significance table show ng the difference across
age groups in males for sPPQ

QUOWO~NOOUIAWNE
1
1
|
|
|
|
|
|
|
|

=

FR = 1.22; PROB = 0.2905; HV = 1.318 (6); LM = 0.4997 (4)

Table 4.F.12: Significance table show ng the difference across
age groups in females for sPPQ

1 2 3 4 5 6 7 8 9 10

1 - - - - - - - - - -
2 - - - - - - - - - -
3 - - - - - - - - - -
4 - - - - - — - - - -
5 - - - - - - — - — -
6 - — - - - - - - - -
7 - - - - - — - - - -
8 - N N N - N N N N -
g J— - - - - - - - - -
10 - — - - - - - - - -
FR = 0.99; PROB = 0.4496; HM= 1.23 (10); LM= 0.51 (5)
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13. Fundanental frequency variation (VvFo)

This represents the relative standard deviation of the

period to period calculated Fundanental Frequency.

The nean and standard deviation of nmales and fenales

are represented in Table 4.13 and G aph 4.13.

In mal es the highest nean values was observed in the
age group 10-11 yrs with a nean value of 2.275% of the
| owest, regarding 1.24% at 9-10 yrs. The statistical test
revealed that there was no significant difference across age
groups. Thus t he hypot hesi s stating that there 1is no
significant difference in Fundanental Frequency variation

across age groups in males is accepted.

In femal es the highest nean was observed in the age
group 6-7 yrs with a nean value of 2.07% and the |owest
r eadi ng 1.04% in t he age group 9-10 yrs. The
statistical test results again revealed that there was no
significant di fference acr oss age gr oups. Thus t he
hypot hesis stating that there is no significant difference in
Fundanental frequency variation across age groups in females
is accepted. Results also revealed that there was no
significant difference between nmales and femal es.  Thus
the hypothesis stacing that t here 'S no si gni ficant

difference in Fo variation across age groups in males is
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Table 4.13: Mean and SD of fundanmental frequency variation
(vFo) across age groups in nmales and fenal es

Mal es Femal es

Age group
(in years) Mean S. D Mean S. D
5-6 1.81 1.02 1. 49 0.57
6-7 1.35 0. 45 2.07 1.01
7-8 2.02 1.06 1.59 0.69
8-9 1.33 0.42 2.68 0.42
9-10 1.24 0.41 1.04 0.24
10-11 2.25 3.44 1.39 0. 46
11-12 1.53 0.90 1.88 0.87
12-13 1.25 0.90 1.32 0.48
13- 14 1.36 0.57 1.81 1.15
14- 15 1.61 0.90 1.30 0. 87

AN _

56 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-16
Age

—&— Males —+— Females

Mean vFo in males and fenmales across age
gr oups

G aph 4.13



4.47

Table 4.M 13: Significance table showi ng the difference across
age groups in males for vFo
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FR = 1.69; PRCB = 0.0973; HM= 2.25 (6); LM= 1.24 (5)

Table 4.F. 13: Significance table showi ng the difference across
age groups in fermales for vFo

1 2 3 4 5 6 7 8 9 10
1 _ _ — _ — _ _
2 - — - S S S - S - -
3 — - - - ° - - - -
4 — S - - — - - - - -
5 — S - - - - S - S -
6 - S - - — - - - - -
7 — — — S - - - - -
8 — S - — _ _ - - - .
9 — - - - S _ - - - -
10 — - — — _ _ — — - —
FR=2.39; PRBB = 0.0151; HM= 2.07 (2); LM= 1.04 (5)
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accepted. Results of Anitha's study (1994) revealed a nean Fo
variation value of 0.939% in nales and 0.868 % in fenales.
The results of the present study indicate a nean val ue
of 1.51 % in mles and 1.57 % in females and this higher
variation could be expl ai ned on the basis that the
children do not have greater <control over their voca
mechani sms as in case of adults and further this may also be
because of the mat ur at i onal changes t aki ng pl ace til

puberty. The sudden rise in t he val ues of this
paraneter in t he age group 10-11 yrs in mal es may
be a result of the pubertal changes occurring at that

tinme.

14. Shimrer in dB (ShdB)

This neasure is the very short term (cycle to cycle)
irregularity in the peak to peak anplitude of the voice.
The mean and standard deviation are presented in Table 4.14

and Gaph 4.14 for both nales and fenuales.

In mal es the highest value was observed in the age
group 10-11 yrs wth a nean of 0.56 dB and the |[|owest
nmean value, reading 0.23 in the age group 89 yrs. Results of
statistical analysis revealed that there was no significant
di fference across age groups thus accepting the hypothesis
that there is no significant difference across age groups in

mal es.
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Table 4.14: Mean and SD of shimrer in dB (ShdB) across age
groups in males and fenal es

Mal es Femal es
Age group
(in years) Mean S. D Mean S. D
5-6 0.51 0.71 0. 26 0.14
6-7 0.38 0.42 0.38 0.19
7-8 0.36 0.20 0.28 0.14
8-9 0.23 0. 06 0.31 0.18
9-10 0. 36 0. 30 0.27 0.07
10- 11 0.56 3.44 0. 26 0.10
11-12 0.38 0. 26 0.41 0. 60
12-13 0. 38 0. 30 0. 30 1.11
13- 14 0. 49 0.76 0.73 0. 60
14- 15 0.41 0.32 0. 50 0. 42
Shimmer In dB
0.8
0.7
0.6
0.5 Jk\ T
0.4 - N _—
0.3 / \*_,,_---"'4-‘
0-2 I 1 i i I I I T
6-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-16
Age
—4— Males —+— Females
Graph 4.14 Mean ShdB in nales and fenmales across age

gr oups
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Table 4. M 14: Significance table showi ng the difference across
age groups in nmales for ShdB

1 2 3 4 5 6 7 8 9 10
1 —_ —_ —_ - - - - - - -
2 — — — — — — — — — —
3 N - N - - - - N N N
4 — — — - - — — — — —
5 — — — — — — — — — —
6 — — — — - — — — — —
7 N N N N N N N N N N
8 —_ - - - - - - - —_ -
9 — - - - — - - — — —
10 S — — — — — — - - =
FR = 0.49: PROB = 0.8775; HM= 0.56 (6); LM = 0.23 (4)

Table 4.F. 14: Significance table showing the difference across
age groups in femal es for ShdB

1 2 3 4 5 6 7 8 9 10
1 —_ - — - - - - - S S
2 - = = = - : . - s -
3 - - - - - -  — - s
4 — — — — — — — - S -
5 — — - - - - - - S -
6 — - - = - - - - s s
7 — — — - - - - - S -
8 — - - - - - - - S -
9 S S S S S S S S - S
10 S — - - - S — - S -
FR = 4.36; PROB = 0.0000; HM= 0.73 (9); LM= 0.26 (1)
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In femal es, the shimmer value was found to increase in
the age group 13-14 yrs to 0.73 which was found to be
significantly different against the other groups. Thus the
hypot hesis stating that there was no statistical difference

in shimer value in nmal es across the age groups.

There was no significant difference between nales and
females as was seen on statistical analysis. Thus, the
hypot hesi s stating t hat t here i's no statistica
difference between males and females for shinmer val ues

in dB across age groups was accepted.

These results found to match wth shimer values
obtained for normal nales and fermales by Anitha study (1994)
where value was observed to be 0.798 for mal es and
0.404 for females, except that shimer val ues is male
children were found to be slightly lower than the adult nale

val ues.

15. Shinmer in percent (Shimn

The mean and standard deviation for nmales and fenales

are presented in Table 4.15 and G aph 4.15.

It can be observed from Table 4.15, the shimer
val ue increased to 6.38% in the age group 10-11 yrs from 3.97%

in the age group 9-10 yrs. The statistical test results
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Tabl e 4.15: Mean and SD of shimrer percent (Shin) across age
groups in males and femnal es

Mal es Femal es
%9% 9%8?@) Mean S. D. Mean S. D
5-6 3.41 1.44 2.95 1.58
6-7 2.88 2.05 4.21 2.02
7-8 3.97 2.09 3.16 1.63
8-9 2. 64 0. 68 3.48 4.01
9-10 2.97 13. 15 3.13 0. 86
10-11 6. 38 3.44 3.04 1.19
11-12 3.52 1.53 3.76 1.63
12-13 3.43 4. 37 3.47 1.21
13- 14 3.36 1.53 5.62 3.78
14-15 4.50 3.43 4.97 2.71
Shimmer percent
2 T I L LN . T T T T
5-6 6-7 7-8 8-9 9-10 10-11 1112 12-13 13-14 14-156
Age
—&— Males —+— Females
G aph 4.15 Mean Shimin nmales and fenales across age

gr oups
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Table 4. M 15: Significance table showing the difference across
age groups in males for Shim

1 2 3 4 5 6 7 8 9 10
1 - - : : - s = - - -
2 ; i i i ; S ; .
3 - i i ] S ] - -
4 - . . - 3 - -
5 - . . - S - -
6 s s S S S : S S s g
7 - - - - - S - - - -
8 — . . i S ] -
9 - - = — 3 . -
10 - - - - - 3 - = =
FR = 1.09: PROB = 0.3764; HM= 6.38 (6): LM= 2.64 (4)

Table 4.F. 15: Significance table showing the difference across
age groups in females for Shim

1 2 3 4 5 6 7 8 9 10
1 — - = - - - - - - s
2 - — - - - - - - - -
3 - = - - - - - - - s
4 — - - - . . - . . :
5 — - - - - - - - - S
6 - = = - - - - - - s
7 - - = - - - - = - .
8 N — - - - -
9 - - . - . . - - . ]
10 s - S - S S - - . ]
FR = 1.58; PROB = 0.1275; HM = 4.57 (10); LM= 2.95 (1)
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16. Anplitude Perturbation Quotient (APQ

APQ is defined as the relative evaluation of the
period to peri od variability of t he peak to peak

anplitude wthin the anal yzed voice sanple.

The nean and st andard deviation of mles and
females are presented in Table 4.16 and G aph 4.16. In
males the highest nean value was observed in the age

group 10-11 yrs wth the nean value reading 4.22% which
was found to be slightly higher than the nean values of

other age groups.

Statistical anal ysi s reveal ed no significant
di fference thus accepting t he hypot hesis stating t hat
there is no significant difference in APQ  across age

groups in males.

In females the APQ was found to be high in the
age group 13-14 yrs wth a nean value of 5.7 % The
| owest nean was observed in the age group 5-6 yrs with a nean
val ue of 2.32 % Statistical anal ysi s reveal ed a
consistent significant difference between the age group
13-14 yrs also as can be seen from Table4.F.16. partly
accepting ard partly rejecting the hypothesis stating
that there is no significant difference in the APQ in

f ennl es.
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Table 4.16: Mean and SD of anplitude perturbation quotient
(APQ across age groups in males and fenal es

Mal es Femal es

Age group
(in years) Mean S. D. Mean S. D
5-6 2.94 1.17 2.32 1.10
6-7 2.29 1.29 3.29 1.20
7-8 3.12 1.31 2.39 1.15
8-9 2.32 0. 60 2.78 1.48
9-10 2.72 0. 66 2.56 0. 67
10-11 4.22 3.44 2.30 0. 96
11-12 3.15 1.19 3.38 1.94
12-13 2.92 1.87 2.68 0.78
13- 14 2. 96 1.34 5.70 3.45
14- 15 3.74 2.96 4. 55 2.53

Amplitude perturbation quotient (%)

2 T T T T

T T I I
5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-16
Age
—A— Males —— Females
Graph 4.16 Mean APQ in males and fenales across age

gr oups
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Table 4. M 16: Significance table showing the difference across
age groups in nmales for APQ

Swoo~NoOUOITA~WNE
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1
1
1
1
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FR = 0.92; PROB = 0.5128; HM = 4.22 (6); LM= 2.28 (2)

Table 4.F.16: Significance table showi ng the difference across
age groups in females for APQ

1 2 3 4 5 6 7 8 9 10
1 - - - - — — — - S S
2 - - - - - - - - S —
3 - - - - - - - - S S
4 - - - - — - - - S S
5 - - - - - - - - s s
6 - - - - - - - — S s
7 - - - - - — - - S -
8 - - - - - - — — S s
9 S S S S S S S S - -
10 S — S S S S - S — -
FR = 5.26; PROB = 0.0000; HM= 4.76 (9); LM= 2.23 (1)
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revealed a consistent significant difference between t he
10-11 vyear age group wth others, thus accepting partly
and rejecting partly the hypothesis stating t hat t here
is no significant difference in the shimer values in

mal es across age groups.

In females results and statistical analysis reveal ed
that there is no significant difference in the shinmer
values thus accepting the hypothesis that there 1is no
significant di fference in t he shi mmer val ues across

femal e subjects.

Statistical analysis also revealed that there was no
significant difference between males and fenmales across age
groups than again accepting the hypothesis that there is
no significant difference between nmales and fenales for

the shimer values across different age groups.

The results of study by Anitha (1994) on normal adult
mal es reveal ed a nean shimer value of 3.25% for /a/ and a
mean off 2.68% in females. In conparison, the male children
have a nean shimer value of 3.36 % which was not mnuch
different fromthe values of adult nales as reported by Anitha
(1994). The values in female children were found to be
slightly higher than normal adult females (Anitha, 1994) wth
the nmean val ues reading 3.59% for fermale children of 2.68% for

adult femal es.
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In the conpari son bet ween mal e and females, a
significant difference was observed in the are groups
10-11 yrs and 13-14 yrs thus partly accepting and partly
rejecting the hypothesis that there I's no significant
difference in the APQ between nmale and females across

di fferent age groups.

The results of +the present study was conpared to
the results reported by Anitha (1994) where the mean of
normal adult males was found to be 2.24 and that of
females, where the nmean was 1.9 It was seen that t he
mean values of both nmale <children and female children
were higher than adult males and females. This could be
the result of nmaturation changes occurring in the nmale
and female children where the nmale and fenmale children had

difficulty in controlling their voice.

17. Snoothed Anplitude Perturbation Quotient (SAPQ

The nmean and standard deviation of the SAPPQ of

males and fermales are presented in Table 4.17 and G aph 4.17.

In males, results of statistical analysis revealed

t hat t here was no signi ficant di fference t hen
accepting the hypothesis that t here is no significant
difference in t he SAPPQ in males. The mean of nmale

children was conpared wth that of adult nmales (Anitha
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Table 4.17: Mean and SD of snoothed anplitude perturbation
gquotient (SAPQ across age groups in males and

femal es
Mal es Femal es

Age grou
(?n 9earg) Mean S. D Mean S. D
5-6 5.64 2.01 4. 07 2.11
6-7 3.96 2.22 6. 03 2.13
7-8 5.82 2.32 4. 31 2.28
8-9 4. 67 1.78 4.71 2. 47
9-10 5.69 2.24 4.78 1.23
10- 11 5.03 3.44 4. 04 1.43
11-12 5.06 3.70 5.30 3.60
12-13 5.58 3.01 4. 29 1.75
13- 14 5.61 3.04 8.22 4,23
14- 15 6. 68 4. 68 7.88 3.48

10

T T T

56 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-15
Age

—&— Male —+— Female

Graph 4.17 Mean sAPQ in males and females across age
groups
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Table 4.M17: Significance table showng the difference across
age groups in males for sAPQ

QOUoO~NOOUITDAWNE
|
|
|
|
|
1
1
|
1
1

[ —

FR=0.93; PROB = 0.5024; HV = 6.68 (8); LM= 3.96 (2)

Table 4.F.17: Significance table showing the difference across
age groups in females for sAPQ

1 2 3 4 5 6 7 8 9 10
1 - - = = - : : : S s
2 - - - - - - - - - -
3 —_ - - - - - - - S S
4 —_ — - - - - - - S S
5 —_ — — - — - - - S S
6 — - — — — - - - S S
7 —_ — — — — - - - - S
8 — - — - - - - - S S
9 S — S S S S - S - -
10 S — S S S S S S — -

FR = 4.40;, PROB = 0.0000;, HM= 7.88 (10); LM= 4.04 (6)
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1994) and it was observed t hat the SAPPQ was slightly
higher in male children conpared to male adults, t he
means, reading 5.41 in male children and 4.09 in adul t

mal es.

In femal es t he statistical analysis revealed a
significant difference between the age groups 13-14 yrs and
14-15 yrs the age group with a highest nmean of 8.22 in the age
group 13-14 yrs and lowest mean, reading 4.04 in the ace
group 14-15 yrs . Thus the hypothesis stating that there
IS no si gni ficant difference in the SAPPQ is partly
accepted and partly rejected. The neans of female children
was conpared to the nean of adult female children was conpared
to the mean of adult females (Anitha 1994) and it was observed
that the nmean of female <children was slightly higher than

adult femal es.

Further analysis using statistical test revealed that
there was no difference between males and fermales then
accepting the hypothesis that there is no difference in the

SAPQ between nales and fenales.

18. Peak Anplitude Variation (VA

Peak anmplitude variation is defined as the relative
standard deviation of the peak to peak anplitude. The
mean and standard devi ati on of mles and females are

presented in Table 4.18 and G aph 4.18.
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Table 4.18: Mean and SD of peak anplitude variation (VAD)
across age groups in males and fenal es

Mal es Femal es

Age group
(in years) Mean S. D Mean S. D
5-6 12.03 6. 94 9.81 8.18
6-7 9.52 8.29 14. 64 7.43
7-8 14.12 7.05 10. 30 8.08
8-9 8.28 3.64 8. 28 3.98
9-10 9.59 4.18 6.71 2.42
10-11 12. 14 3.44 14. 10 9.09
11-12 14. 45 7.81 16. 64 8.32
12-13 9.92 5. 69 7.20 3.82
13-14 10. 17 7.19 15. 05 6. 47
14-15 11.97 8. 27 13.95 7.76

5 T T T T T T T T
6-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-156

—&— Male —— Female

Graph 4.18 Mean VAmin males and females across age
gr oups
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Table 4.M 18: Significance table show ng the difference across
age groups in males for vAm

QOwoo~NOUITA~WNEF
|
|
|
|
|
1
|
|
1
1

[ —

FR = 1.31; PROB = 0.2392; HM = 14.45 (7): LM= 8.28 (4)

Table 4.F. 18: Significance table showing the difference across
age groups in females for vAm

12 3 4 5 6 7 8 9 10
1 - - - - - - S -
2 - — = s : - s - -
3 - - = - : S _ - -
4 — S - -  —  — s - s S
S — S — — - S S - s S
6 — — — - S - - - - -
7 S — S S S - — S - —
8 — S — - - - S - s S
9 — —  — s S - — s - -
10 - - - S S - - 5 — —

FR = 4.37; PROB = 0.0000; HV= 16.64 (7); LM= 6.71 (5)
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In males, statistical test results revealed that
there is no significant difference. The highest nean val ue was
observed to be 14.45% in the age group 11-12 yrs and the
| onest as 8.28% in t he age group 8-9 yrs . The
hypot hesi s stating t hat t here s no significant
difference in the VAM in males was accepted. Wen the
nmean of VAM  was conpar ed to nor mal adul t mal es
(Anitha, 1994) it was found that it was higher in nale
children in the age group 11-13 yrs (11.13) t han in adult
males (8.61).

In females statistical test results revealed that
there is a significant difference in the age group 11-12
yrs wth the nmaximum nean, reading 16.64 and the maxi num
reading 6.71 in the age group 10-11 yrs. This sudden increase
in man value may be attributed to pubertal changes. Then
the hypothesis stating that there was no significant
difference in the VAM was partly accepted and partly
rejected. The nean of the fenale children in the age
group 11-15 yrs was observed to be hi gher than adult
females (8.79) as reported by Anitha (1994).

A conparison between nmales and femal es reveal ed
that there was no significant difference between them on
statistical test, t hus accepting t he hypothesis t hat
there is no signi ficant di fference between mal es and

fenrmles for the VAM
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Table 4.19: Mean and SD of noise harnonic ratio (NHR) across
age groups in nmales and fenal es
Mal es Femal es

95 9620 Mean S.D Mean S.D
5-6 0.10 0. 02 0.12 0. 01
6-7 0.42 1.17 0.11 0. 01
7-8 0.11 0.01 0.11 0.01

8-9 0.10 0.01 0.13 0. 09
9-10 0.12 0. 02 0.11 0. 01

10- 11 0.14 3.44 0.16 0. 22
11-12 2.19 7.79 2.13 7. 80
12-13 0.11 0. 02 0.22 0. 01
13- 14 0.11 0.12 2.10 5. 30
14- 15 0.13 0.12 0.12 0. 02

1.2

0.8

0.6

74 S —— :
0 T =T T T I- T T 'R
5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-16
Age
—é— Male —+— Female
G aph 4.19 Mean NHR in males and fenmales across age

gr oups
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Table 4.M 19: Significance table showing the difference across
age groups in males for NHR

1 2 3 4 5 6 7 8 9 10
1 - — — - — - - - -
2 - — — — — — — - —
3 - — — - - — - - - -
4 - — — — - — - - - -
5 - — — — — — - - -
6 - — — - — - - - —
7 - — — - - - - — - —
8 - — - - - - - - -
9 - — — - - — - — - —
10 — — — — — — — - -

FR = 0.86; PROB = 0.5608; HM = 0.41 (2); LM= 0.10 (1)

Table 4.F. 19: Significance table showing the difference across
age groups in females for NHR

1 2 3 4 5 6 7 8 9 10
l J— J— J— J— J— J— J— J— J— J—
2 — — — — — — - — — -
3 — — — — — — - - - -
4 — — — — — - - - - -
5 — — — — — — — - — -
6 — — — — — — - — — -
7 — — — — — — — — — —
8 — — — — - - - - -
9 — — — — — — — - — —
10 — — — — — - — — — —

FR = 1.13; PROB = 0.3097; HM= 2.13 (7); LM= 0.11 (5)
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19. Noise to Harnonic ratio (NHR

The nean and st andar d devi ati on of males and
females in the age group 5 - 15 yrs are presented in
Table 4.19 and G aph 4.19. In nales the statistical test
results revealed that there was no significant difference
in the NHR The highest nmean was observed in the age group
6-7yrs with nean value of 0.41. Thus the hypothesis
stating that there is no significant difference in the
NHR in males was accepted. The nean value in male children
was conpared to the nean value of the normal adult male
(Anitha, 1994) and it was observed that there was not
much difference with the nean value of mal e children
reading 0.6 and that of normal adults males reading O.13.

In females also the statistical analysis revealed
that there was no significant difference. Thus accepting
the hypothesis that there is no significant difference of
the NHR in females from5 to 15 yrs. The nean in case  of
female children (0.73) was conpared to the nean of nornal
adult females (0.13) ( Anitha, 1994 ) and it was observed
that there was not nmuch difference.

A conparison bet ween mal es and femal es using
statistical test revealed that there was no significant
difference thus accepting the null hypothesis stating that
there is no significant difference in nmales and fermales for

the noise harnonic ratio.

20. Voice turbul ence index (VTl) :
VTl nostly correlates wth the turbul ence caused

by the inconplete or | oose adduction of the voca
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Table 4.20: Mean and SD of voice turbulence index (VTI)
across age groups in males and fenal es

Mal es Femal es
n year an . D. an . D.
9% 953rR) Ve S.D Ve S.D
5-6 0.04 1.34 0. 05 0.01
6-7 0. 05 0. 02 0. 06 0.02
7-8 0. 06 0. 02 0. 05 0.02
8-9 0.04 0.01 0. 06 0.01
9-10 0.05 0.01 0. 06 0. 07
10-11 0.04 3.44 0. 07 0.11
11-12 0. 05 0. 02 0.04 0.02
12-13 0.04 0.01 0. 05 0.01
13-14 0. 03 3.81 0. 05 0.02
14- 15 0.05 0.01 0. 05 0.01
Voice turbulence Index
0.07 /\
0.06 1 . M-— b 3
0.04 . \/
0.03 — - % -
0-02 T i I T I I T I
5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-16
Age
—&— Males 1 —+ Female 2
G aph 4.20 Mean VTl in males and females across age

gr oups
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Table 4. M 20: Significance table showing the difference across
age groups in males for VTI

1 2 3 4 5 6 7 8 9 10
1 - - - - - - - - - -
2 - - - - - - — — — -
3 - - — - - — _ — — -
4 - - - - - - — - - -
5 - - — - — — — — — —
6 - - - - - - - — — —
7 - - - - - - - - - -
8 - - - - - - - - - -
9 - - - - - - - - - -
10 - - - - - - - - - -
FR = 0.81; PROB = 0.6046; HVM = 1.03 (1); LM= 0.04 (4)

Tabl e 4. F.20: Significance table show ng the difference across
age groups in females for VTI

1 2 3 4 5 6 7 8 9 10
l J— J— J— J— - - - - - -
2 — — — — - - - - - -
3 - — — — - - - - - -
4 — — — - - - - - - -
5 — — — - - - - - - -
6 — — — — — — — - - —
7 N N N N N N N - N -
8 — — — — — — — — — -
9 - — - — — — — — — —
10 - — - - — — — - - .

FR = 0.81; PROB = 0.9152; HM = 0.07 (6); LM= 0.04 (7)
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folds. It analyzes high frequency conponents to extract an
acoustic correlate to breathiness. The nean and standard
deviation of males and females are presented in Tabl e -

4.20 and Gaph - 4.20.

In males it was found from statistical analysis
that there was no si gni fi cant di fference across age
groups. Thus the null hypothesis stating that there 1is
no significant difference in males for VII was accepted.
A conpari son with nor mal adult rmales (Ani t ha, 1994)
revealed that there was not much difference with the
nmean in male chil dren reading .03 and t he nmean of

normal adult nmales reading .O05.

In case of femal es al so t he statistical test
results reveal ed no si gni fi cant di fference. Thus

accepting the hypothesis stating that there is no

In males it was found from statistical analysis
that there was no si gni fi cant di fference across age
groups. Thus the null hypothesis stating that there 1is
no significant difference in nales for VII was accepted.
A conpari son with nor mal adult males (Ani t ha, 1994)
revealed that there was not much difference with the
nmean in nale children reading .03 and t he mean of

normal adult nales reading .O05.

In case of f emal es al so t he statistical t est

results revealed no significant difference. Thus accepting



4.71

the hypothesis stating t hat t here s no significant
difference in fennles for VTI . The nmean val ues for
female children were found to mat ch mean val ues of

normal adult ferales (Anitha, 1994).

A conparison between mal es and females on the
statistical test revealed that there was no significant
difference. Thus the hypothesis stating that there is no
significant difference between nales and females for VTI

was accepted

21. Soft Phonation Index (SPl)

The nmean and st andard devi ati on of mal es and
females across ages for SPI are presented in Table4. 21
and Gaph 4.21. The highest nmean (13.46) for nmales was
observed in the age group 11-12 yrs and the |owest nean
(2.48) was observed in the 6-7 yrs age group. The
statistical analysis revealed that there was a consistent
significant difference between the 11-12 yrs age group as
against others thus partly accepting and partly rejecting
the null hypothesis stating that there is no significant
difference in mles for SPlI across ages. The nmean SP
in male children (5.95) was found to be considerably |ow
conpared to the nean of normal adult nales (Ani t ha,

1994) which read 9. 08.
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Table 4.21: Mean and SD of soft phonation index (SPl) across
age groups in males and fenal es

Mal es Femal es

Age group
(in years) Mean S. D. Mean S. D
5-6 3.88 2.04 3.96 4.91
6-7 3.28 3.79 3. 67 4. 95
7-8 2. 86 1.51 4.01 4.90
8-9 4. 95 4.82 2.24 1.54
9-10 4.26 3.84 4. 20 2.21
10-11 10. 09 3.45 19. 02 12. 83
11-12 15. 75 3.76 19. 25 12. 31
12-13 6. 80 3.24 4.94 3.01
13-14 7.61 4.78 7.38 4.48
14- 15 7.45 3.08 5.33 1.36

Soft phonatlon Index

20—[

L

10—

5-6 6-7 7-8 8-9 9-10 10-11 1112 12-13 13-14 14-16
Age
—&— Male —— Female

Graph 4.21 Mean SPI in males and females across age
gr oups
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Table 4.M 21: Significance table showing the difference across
age groups in nmales for SPI

1 2 3 4 5 6 7 8 9 10
1 - _ - - S s - - -
2 - - — S S - - -
3 - - - - - S S - - -
4 - - - - - S - - -
5 - - - - - - S - - -
6 S S S - - - - - - -
7 S - — S S S S S s
8 R — - - R C - _
9 i - — — - — s - _
10 I — S — - - S - .
FR = 7.02; PROB = 0.0000; HVI= 13.46 (7); LM= 2.48 (2)

Table 4.F. 21: Significance table showing the difference across
age groups in fermales for SPI

1 2 3 4 5 6 7 8 9 10
1 - — — - — S S - - -
2 - - - - — S S - - -
3 - — — - - S S - S -
4 - — - - — S S - S -
5 - - — - - S s - - -
6 S — S S S S S S s s
7 S S S - S S S S S S
8 — - - - S S - - -
9 - - S S - S S - - -
10 - - - - - S S - - -

FR = 13.39; PROB = 0.0000; HM= 19.25 (7); LM= 2.24 (4)
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In females the statistical test results revealed a
significant difference between the 10-11 yrs and 11-12 yrs
age groups. The highest nean was observed in t he age
group 11-12 yrs and the nean value reading was 19. 25.
The lowest nmean was observed in the age group 8-9 yrs
and the reading was 2.24. Thus the hypothesis stating
that there is no significant difference in SPI acr oss
ages in females was partly accepted and partly rejected.
The nean values of female children were seen to be | ow
when conpared to the nean (8.54) of normal adult femal es

(Anitha, 1994).

The statistical test results revealed that there
was no significant difference between nmales and fenales
of different age groups thus accepting the hypothesis
that there is no significant difference between males and

femal es for SPI
22. Frequency Trenor Intensity Index (FTRI)

FTRI is defined as t he aver age ratio of the
frequency magnitude of the nost intensive |ow frequency
magnitude of the nost intensive low frequency nodulating
conponent to the total frequency magnitude of the analyzed
signal. The nean and standard deviation of mal es and

females are presented in Table 4.22 and G aph 4.22.
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Table 4.22: Mean and SD of Fo trenor intensity index (FTRI)
across age groups in males and fenal es

Mal es Femal es
Age group
(rn years) Mean S. D Mean S.D.
5-6 0.54 0. 30 0.73 0. 65
6-7 1.04 2.04 0. 66 0.17
7-8 0. 60 0.24 0.55 0.33
8-9 0.71 0.52 0.53 0.28
9-10 0.59 0. 32 0.52 0. 26
10- 11 0.50 3.44 0.53 0. 32
11-12 0.58 0.53 0.51 0.31
12-13 0.50 0.19 0.58 0.29
13-14 0. 65 0. 62 0.78 1. 57
14- 15 0.50 0.21 0. 58 0.16
Fo tremor Intensity index (%)
1
0.9 i /R\ R ——
0.8 P\J/ \;“‘
0.7 4 /
0.6 + //\\ '
0.5 %
0.4 T T T B | I T 1 T
56 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-16
Age
—&— Male —+— female
G aph 4.22 Mean FTRI in males and fenmales across age

gr oups
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Table 4. M 22: Significance table showi ng the difference across
age groups in males for FTRI

1 2 3 4 5 6 7 8 9 10
1 - - —_ —_ - - - - - -
2 — — — — — — — — — —
3 —_— J— J— J— - - - - - J—
4 _ — — - — - - - — —
5 — — — - - - - - - -
6 — — — — — - - — — —
7 — — — — - - - - - -
8 — — — - - - - - - -
9 - — — - - - - - - -
10 o _ _ B o o B
FR = 0.46; PROB = 0.8987; HM= 1.04 (2); LM= 0.50 (8)

Table 4.F.22: Significance table showi ng the difference across
age groups in females for FTRI

1 2 3 4 5 6 7 8 9 10
1 — — — — — — - - — —
2 — — — - - - - - - -
3 [ - - - - - - - - -
4 — — - - - - - - - -
5 - - - - - - - - - -
6 — - - - - - - - - -
7 - — — — — - - - - -
8 - — — — - - - - - -
9 — — — - - - - - - -
10 - - - - - - - - - -
FR = 0.33; PRO = 0.9620; HM= 0.78 (9); LM = 0.50 (10)
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In bot h mal es and femal es, t here was no
significant difference as revealed by t he statistica
tests thus accepting the hypothesis that t here IS no
significant difference in both mles and females across
the age groups in ternms of the FTRI. A conparison wth
Anitha's study (1994) on nornmal adult males and fenales
was done and it was observed that there was a very

m ni mal difference in both mles and fenmnles.

Statistical analysis revealed t hat there was no
significant difference between nmales and females across
different age groups thus accepting the null hypothesis
stating that there is no significant difference bet ween

males and females for FTRI.
23. Amplitude Trenor Intensity Index (ATRI)

The nean and st andard deviation for nmales and

females are presented in Table 4.23 and G aph 4.23.

In males the statistical analysis revealed that there
was no significant difference across the age groups,
with the highest nean value being 5.74, in t he 11-12
yrs age group and the mninum value, 3.083, observed in
the 6-7 yrs age group. Thus the hypothesis stating t hat
there is no significant difference in males across t he

age groups in terns of ATRI, was accepted.



4.78

Table 4.23: Mean and SD of anplitude trenor intensity index
(ATRI') across age groups in males and femal es
Mal es Femal es
Age group
(in years) Mean S.D Mean S. D
5-6 4.10 2.24 3.56 3.45
6-7 3.03 2.60 5.12 1.90
7-8 4. 87 2.04 4.15 3.23
8-9 3.86 1.98 3.59 2.14
9-10 4.33 2.76 2.82 1.22
10-11 0.50 3.44 3.65 1.51
11-12 5.74 4.89 6. 16 4. 38
12-13 4.28 2.39 3.08 2.70
13- 14 4. 68 2.68 5.14 2.13
14- 15 4. 62 2.68 5.61 2.44

Amplitude tremor Intensity Index (%)

A

7N

] /5
/ AN/ A\
N X ]V

2 of

1 T . T T , . [ T

5-6 8-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-16

Age
—&— Male —+— Female

G aph 4.23 Mean ATRI in males and females across age

gr oups
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Table 4. M 23: Significance table showi ng the difference across
age groups in males for ATRI

SCowo~NoUuhr~hwWNE

=

FR=0.84; PROB = 0.569; HM= 5.74 (7); LM= 3.03 (2)

Tabl e 4.F.23: Significance table show ng the difference across
age groups in females for ATRI

1 2 3 4 5 6 7 8 9 10

1 - — - - - S S - - -
2 - - - - - - - -
3 - - - - - - - - - -
4 — - - - - - - - - -
5 — - - - - — S - -
6 - - -  — s — - s - S
7 — - - - — — S - - _
8 - — - — - - 0 - - _
9 - — - — - - - - -

10 - - - - S - = =

FR = 2.12; PROB = 0.0335 HM= 6.06 (7); LM= 2.82 (5)
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In fenmales the statistical test results reveal ed
random significant differences 1in sone age gr oups as
showmn in Table. The highest nmean was observed at 6-7
yrs with the nean value reading 6.07 and t he | ownest
nean value of 2.82 was observed at 9-10 yrs. Thus the
hypot hesi s stating t hat t here 'S no signi ficant
difference in females across the age groups in terns

of ATRI, was partly accepted and partly rejected.

The statistical analysis between males and fenales
reveal ed no si gni fi cant difference thus accepting the
hypothesis stating that there is no significant difference

between males and fenmales for ATRI.
24. Degree of voice Breaks (DVB)

It is defined as the ratio of the total l|ength of
ar eas representing voi ce breaks to the time of the
conplete voice sanple. It neasures the ability of the
voice to sustain uninterrupted voi cing. The mean and
standard deviation of males and fenales across age groups

are presented in Table 4.24 and G aph 4. 24.

In males results . of statistical t est reveal ed
that there was a significant difference between the 6-7
'rs age group and others as can be observed from

Fable 4. M 24. As can be seen from Table 4.24 and G aph
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Tabl e 4. 24: Mean and SD of degree of voice breaks (DVB)
across age groups in males and fenal es
Mal es Femal es

%9% 9%39@) Mean S. D Mean S. D
5-6 0.00 0.00 0.24 0.93
6-7 0. 175 0. 67 0. 00 0.00
7-8 0.00 0.00 0.00 0.00
8-9 0. 00 0.00 0. 00 0.00
9-10 0.00 0. 00 0.00 0.00
10- 11 0.00 0.00 0.04 0.15
11-12 0.00 0.00 0. 00 0. 00
12-13 0. 00 0.00 0. 00 0.00
13-14 0.00 0.00 0. 46 1.77

14- 15 0.00 0.00 0. 06 0. 007

Degree of voice breaks (%)

0.18

A
\

0.1

A

\

/\/\

&-

G aph

0.06 /
0
6

6-7 7-8 9-10 10-11
Age
—a— Male
4.24 Mean DVB in nmal es

gr oups

and

1m1-12

—— Female

12-13

f emal es

13-14

14-16

across age
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Table 4.M 24: Significance table show ng the difference across
age groups in males for DVB
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Table 4.F. 24: Significance table showing the difference across
age groups in females for DVB

1 2 3 4 5 6 7 8 9 10
1 - - - - - - - - - -
2 - - — - - - - - - -
3 — - - - - - - - - -
4 _  — — - - - - - - -
5 — - - - - - - - - -
6 - - - - - - - - - -
7 — - - - - - - - - -
8 - - - - - - - - - -
9 - - — - - - - - - -
10 - - - - - - - - - -
FR = 0.88; PROB = 0.5410; HM = 0.46 (9); LM= -
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4.24 the values of all age croups are 0 except the

6-7 yrs age

group and the nean val ue of 0 coincides

with the normative threshold of degree of voice br eaks

whi ch consi der ed to be 0 and hence the hypothesis

stating that
across the

accepted and

there is no significant difference in nmales

age gr oups in terms of DVB, was partly

partly rejected.

In f emal es, results of statistical anal ysi s

reveal ed that

there was no significant difference and

thus the hypothesis stating that there is no significant

difference in

females across the age groups in terns of

DVB was accept ed. Further, the nean values observed on

Tabl e 4. 24.

adults (Anitha,

mat ched the normative threshol d of 0 that of

1994) .

The statistical test results revealed no significant

di fference

bet ween mal es and femal es and t hus t he

hypot hesis stating that there is no significant difference

bet ween nul es

25. Degree of

It is
harnmonics to
and standard

in Table 4.25

and females for DVB was accepted.

Sub- Har noni cs ( DSH)

defined as the relative evaluation of sub-
Fo conmponents in the voice sanple. The nean
deviation of males and fenmales are presented

and G aph 4. 25.
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Table 4.25: Mean and SD of degree of subharnonics (DSH)
across age groups in males and fenal es

Mal es Femal es
Age group
(in years) Mean S. D Mean S. D
5-6 0.12 0. 46 0. 00 0.00
6-7 0.24 0. 93 1.33 1.74
7-8 1. 09 1.65 0.24 0.93
8-9 0. 36 1.01 2.90 8.32
9-10 0.12 0. 46 0.36 1.01
10-11 0. 60 2.34 0.12 0. 46
11-12 0.24 0.93 0. 84 2.46
12-13 1.09 4.22 0.48 1. 07
13-14 0.12 0. 46 3.93 5. 63
14- 15 1.45 3.44 1.83 4.41
Degree of sub-harmonics (%)
4
3 - /
5
§ M
0 T ) T
5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-15
Age
—4— Male —+— Female
G aph 4.25 Mean DSH in nmmles and fenales across age

gr oups
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Table 4. M 25: Significance table showi ng the difference across
age groups in males for DSH

12 3 4 5 6 7 8 9 10
1 R R R - R - R - - -
2 — — — - - - - - - -
3 — — — - - - - - - -
4 — — — - - - - - - -
5 — — — — - - - - - -
6 — — — — - - - - - -
7 — — — - — - - - - -
8 — — — - — - - - - -
9 R - - - - - - - - -
10 - - - - - - - - - -
FR = 0.78; PROB = 0.6341; HM= 1.45 (10); LM= 0.12 (9)

Table 4.F. 25: Significance table showi ng the difference across
age groups in females for DSH

1 2 3 4 5 6 7 8 9 10
1 — — — — — — - — S -
2 — — — — - - - - S -
3 — — — — — - - - S -
4 — — — — - - - - S -
5 — — — - - - - - S -
6 — — — - - - - - S -
7 — — — - — - - - S -
8 — — - - - - - - S -
9 S S S S S S S S - S
10 - - - - - - - - S -
FR = 3.16; PROB = 0.0017; HM= 3.93 (9); LM=0 (1)
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In nmales, statistical analysis revealed there is
no significant difference thus accepting the hypothesis
that there is no significant difference in mles and

fermles for the DSH

I n femal es statistical anal ysi s reveal ed a
consi st ent signi ficant di fference bet ween the age group
13-14 yrs and other age gr oups with the mean val ue
reading 3.93. Thus the hypothesis stating that there is
no significant difference in fenales across age gr oups

was partly rejected and partly accepted.

A conparison between nales and females revealed no
significant di fference thus accepting t he hypot hesi s
stating that there is no significant difference bet ween

males and females in terns of DSH, was accepted.

26. Degree of Unvoiced Segnents (DUWV)

It is an esti mat ed relative evaluation of non-
harmonic areas (where Fo cannot be detected) in the
voice sanple. The nean and standard deviation of nmales
and fenales across age groups are presented in Table4.26

and Graph 4. 26.

In males and fenmles the statistical test results

revealed no si gni fi cant difference thus accepting the
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Tabl e 4.26: Mean and SD of degree of unvoi ced segnents (DW)
across age groups in males and fenmal es
Mal es Femal es
Age group
(in years) Mean S.D Mean S. D
5-6 0.12 0.47 0. 00 0.00
6-7 0. 00 0. 00 0.12 0.47
7-8 0.12 0.47 0. 00 0.00
8-9 0. 00 0. 00 0.10 4.23
9-10 0.12 0.47 0. 00 0.00
10-11 0.00 0. 00 0.00 0.00
11-12 0.12 0.47 0.24 0.64
12-13 0.00 0. 00 0. 00 0.00
13- 14 0.12 0.47 0.27 0. 58
14- 15 0.00 0. 00 0.13 0. 48
Degree of unvoiced segments (%)
0'25 e — e S ——— /A\
0'2 = [ = — —— R — S ——— / K
0.16 B -/ \
4
0.1 A s I {2 ///\\ //A\ =
M/AVAVAVANIV /N
0 7 I L 1 L T i g p
6-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-16
Age
—&— Male —+— Female
G aph 4.26 Mean DWWV in males and females across age

gr oups
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Table 4. M 26: Significance table showi ng the difference across
age groups in males for DU

1 2 3 4 5 6 7 8 9 10
1 [R— [R— [R— [R— [R— [R— [R— [R— [R— [R—
2 — — — — — — — — — —
3 — — — — — — — — — —
4 — — — — — — — — — —
5 — — — - — — — — — —
6 — - - — — — - - - —
7 — - - - - - - - - —
8 — - - — - - - - - —
9 - - - — — — - - - —
10 - - - - - - - - - -
FR = 0.66; PROB = 0.7447; HM= 0.12 (1); LM= -

Table 4. F. 26: Significance table show ng the difference across
age groups in femal es for DU

1 2 3 4 5 6 7 8 9 10
1 [— [— [— [— [— [— - - [— -
2 — - - - - - - - - -
3 R R - - - - - - - -
4 — — - - - - - - - -
5 — — - - - - - - - -
6 — — - - - - - - - -
7 — — - - - - - - - -
8 R R R R R - - - - -
9 — — — — — - - - - -
10 - - - - - - - - - -
FR=1.6; PROB = 0.2661, HM= 0.27 (9); LM= -
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hypothesis stating that there is no significant difference

in the DUV across the age groups in nmales and fenal es.

A conmparison between mal es and fenmales revealed
that there was no statistical difference between them thus
accepting the hypothesis that there is no significant
difference in the DUV across the age groups in males and

f enal es.

27. Nunber of Voice breaks (NVB)

NVB is t he nunmber of times the voice was
i nterrupted during t he voi ce  sanple. The nean and
standard deviation of males and females are presented in

Table 4.27 and Gaph 4.27.

In males and fermales statistical analysis reveal ed
no significant difference in the NVB across the age
groups in both males and femal es thus accepting t he
hypothesis stating that there is no significant difference
in the NvB across the age groups both in males and

f enal es.

A comparison between males and fenmales revealed no
significant difference for the NVB. Thus the hypothesis
stating that there is no significant difference in t he
NVB across the age groups in nmales and the fenales was

accept ed.
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Table 4.27: Mean and SD of nunber of voice breaks (NvB)
across age groups in nmales and fenal es

Mal es Femal es

Age group
(in years) Mean S. D Mean S. D
5-6 0. 00 0. 00 0.13 0.52
6-7 0.13 0.52 0. 00 0.00
7-8 0.00 0. 00 0. 00 0.00
8-9 0.00 0. 00 0. 60 0. 26
9-10 0. 00 0. 00 0.00 0.00
10-11 0.00 0. 00 0. 60 0. 26
11-12 0. 00 0. 00 0. 00 0.00
12-13 0. 00 0. 00 0. 00 0.00
13- 14 0. 00 0.00 0.00 0.00
14- 15 0.00 0. 00 0. 00 0.00

Number of voice breaks (%)

0.6

0.4

0.3

0.2

0.1 P74

1- “ +- -
56 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-16
Age

—&— Male —— Female

Mean NVB in males and females across age

G aph 4.27
gr oups
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Table 4.M 27: Significance table show ng the difference across
age groups in males for NVB

1 2 3 4 5 6 7 8 9 10
1 N - - - - - - -
2 - - S S — - — -
s ~— s 2 0z - T T I 3
4 — S i - - - - - - _
5 — g - - - - ; — - i
6 — . - - - ; - - i
7 — . _ - - - ; - - _
8 - - - - - - ; - - _
9 - i - - - - - =
10 - _ - - — - - =

'n
Py
I
|
o
e
é
I

0.4430; HM= 0.13 (2); LM= -

Table 4. F. 27: Significance table showi ng the difference across
age groups in fermales for NVB

1 2 3 4 5 6 7 8 9 10
1 — — - - - - - - - -
2 — - - - - — — - = =
3 N - - - - N N N N -
4 — - - - — — - — — —

5 - - - — — — — — — —

6 - - - — — — - -

7 - - - - - — — — - —

8 - - - - - — — — -

9 - - - — - — — — -

10 - - — S — — — - - =

FR= 0.81; PROB = 0.6034; HM= 0.13 (1); LM= -
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Tabl e 4.28: Mean and SD of nunber of subharnonic segnents
(NSH) across age groups in males and fenal es

Mal es Femal es
Age group
(in years) Mean S. D Mean S. D
5-6 0.47 0.83 0.00 0. 00
6-7 0.13 0.52 1. 00 1.00
7-8 0. 86 0.99 0.13 0.52
8-9 0.20 0. 56 0. 60 0. 26
9-10 0. 00 0. 00 0. 20 0. 56
10-11 0. 33 1.29 0. 06 0. 26
11-12 0. 06 0. 26 0.40 1.29
12-13 0. 60 2.32 0. 26 0.59
13- 14 0. 00 0. 00 2.20 3.05
14- 15 0. 80 1.89 1.00 2.39
Number of sub-harmonic segmenta
2
1.5 ) I
1 - e —————————————————
0.6 \\y//;x/*\
0 1 | I = i T
5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-16
Age
—a— Male —+— Female
G aph 4.28 Mean NSH in males and fermales across age

gr oups
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Table 4. M 28: Significance table showi ng the difference across
age groups in males for NSH

1 2 3 4 5 6 7 8 9 10
L - ~ ~ ~ ~ .
) - - - - - — - - - —
3 - —_ —_ - - —_ - - - -
4 — — — — — — - - - —
5 N N N - N N N N N N
6 - — — — — — — - — —
7 N N N - N N - N N N
8 - —_ - - - —_ —_ —_ - -
9 - - - - - — — — - -
10 — — — — — — — —
FR=1.15 PROB = 0.3344; HVM = 0.86 (3); LM= 0 (5)

Table 4.F.28: Significance table showi ng the difference across
age groups in femal es for NSH

wrooonunununnom

S

QUOONOUITA~AWNE

[ER
rwm

FR = 3.53; PROB = 0.0006; HM= 2.2 (9); LM= 0 (1)
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28. Nunber of Sub-Harnonic Segnents (NSH)

The nean and st andar d devi ati on of mles and
females across age groups are presented in Table 4.28

and G aph 4.28.

In mal es t he statistical anal ysis revealed no
significant difference across age groups and thus t he
hypot hesi s stating t hat t here 'S no significant
difference in mles across the age groups in terns of

NSH was accepted.

In fermales, a consistent significant difference was
observed at the 13-14 yr age group with the mean val ue
reading 2.2. Thus the hypothesis stating that there is no
significant difference in females across the age groups in

terms of NSH was partly accepted and partly rejected.

A conparison between nmales and females revealed no
signi ficant di fference on the statistical test, t hus
accepting the hypothesis that there is no difference
between nmales and fenmales across the age groups in terns

of NSH.

29. Nunber of Unvoiced (NW)

NV  neasures the ability of voice to sustain

phonation. The nean and st andard devi ati on of mal es
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Table 4.29: Mean and SD of nunber of unvoiced segnents (NW)
across age groups in males and femal es

Mal es Femal es

%9% 9%8?%) Mean S. D Mean S. D
5-6 0. 06 0. 26 0.00 0.00
6-7 0.00 0.00 0.60 0. 26
7-8 0. 06 0. 26 0.00 0.00
8-9 0.00 0.00 0.60 2.32
9-10 0.13 0.35 0.00 0. 00
10- 11 0.00 0.00 0.00 0.00
11-12 0.15 0.55 0.21 0.58
12-13 0.00 0.00 0.00 0.00
13-14 0.00 0.00 0.20 0.41
14- 15 0.00 0.00 0. 06 0.26

Number of unvoiced segments

0.7

AR
[\ [\

0.4

0.3

0.2

0.1

0 ™ T b T T Lu

».
56 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-16
Age

—&— Male —+— Female

G aph 4. 29: Mean NUV in males and fenales across age
groups
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Table 4. M 29: Significance table showi ng the difference across
age groups in males for NUW

1 2 3 4 5 6 7 8 9 10
1 — — — — — — — — — —
2 — - — — — — — — — —
3 — - - - - — - — - -
4 - - - — - — — — - —
5 - - - - — — — — — —
6 - — - — — — — — — —
7 - - - — — — — — — —
8 — — — - — — — — — —
9 — — — — — — — — — —
10 - - - - - - - - - -

FR= 0.98; PROB = 0.4622; HM= 0.153 (7); LM= -

Table 4. F.29: Significance table showng the difference across
age groups in females for NWV

1 2 3 4 5 6 7 8 9 10
1 — — — — — — — JR— JR— —
2 — - — — — — — - - -
3 - - - - - - - - - -
4 - ; ] ; ] ] ] ] ] ]
5 — - — - — — - - - -
6 - — - — — - - - - -
7 —_ - — - - — - - - -
8 - - - - - - - - - -
9 - - - - - - - - - -
10 - - - - - - ; - - -
FR = 0.88; PROB = 0.5465; HM= 0.6 (4); LM= -
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and females across age groups are presented in Tabl e

4.29 and G aph 4.29.

I n bot h mal es and f emal es, there was no
signi ficant di fference on t he statistical test thus
accepting the hypot hesi s stating t hat there is no
signi ficant di fference acr oss mal e and fermale age

groups for the NUV.

A conparison between nales and fenales revealed
no significant difference on the statistical test thus
accepting the hypothesis that there is no significant

di fference between males and females for the NUV.

Thus the results of the present study can be

summari zed as follows:
1. Average Fundnental Frequency (Fo)

a. A consistent significant difference was observed
between the age groups 10-11 vyears, 11-12 years,
12-13 years, 13-14 years and 14-15 vyears, in males
(Table 4. M 1).

b. A consistent significant difference was observed in
the age group 6-7 years, when conpared to other age

roups in case of females (Table 4.F.1).



C.
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A significant difference was observed in the 56
years, 13-14 years and 14-15 years age group between

mal es and fenal es across age groups.

2. Average Pitch Period (To)

a.

A significant difference was observed in the 10-11
years, 11-12 years, 12-13 years, 13-14 years and 14-15

years age groups in males (Table 4. M 2).

A significant difference was observed in the 10-11
years and 11-12 years age groups against other age

groups in females (Table 4.F. 2).

A significant difference was observed in the 5-6 years
age group agai nst other age groups between nmales and

femal es across age groups.

3. Highest Fundanental Frequency (Fhi)

a.

A significant difference was observed in the 5-6 years
age group against the other age groups in nmales (Table

4.M 3).

A significant difference was observed in the 10-11
years age group against the 5-6 years, 6-7 years, 7-8
years and 8-9 years age groups, 1in fenmales (Table

4.F.3).
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A few random significant differences were observed
bet ween sonme age groups when nales and females were

conpared across age groups.

4. Lowest Fundanental Frequency (FLO

a.

A significant difference was observed in the 10-11
years, 11-12 years and 13-14 years age groups agai nst

the other age groups in males (Table 4. M 4).

A significant difference was observed in the 6-7
years, 10-11 years and 11-12 years age group agai nst

t he other age groups, females (Table 4.F. 4).

A significant difference was observed in the 10-11
years age group between males anfe fenal es across age

groups.

5. Standard Devi ation of Fundanental Frequency (STD)

a.

A few random significant differences were observed

bet ween sone age groups in nales (Table 4. M 5).

An inconsistent significant difference in the 5-6
years, 7-8 years, 8-9 years, 9-10 years, 10-11 years,
11-12 years and 12-13 years age groups against the
6-7 years age group was observed in fenales (Table

4.F.5).
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c. No significant difference was observed between nules

and femal es across age groups.

6. Fo Trenor frequency (Fftr)

a. No significant difference was observed across age

groups in nmales (Table 4. M 6).

b. A significant difference was observed in the 11-12
years age groups agai nst other age groups, in females

(Table 4.F.6).

c. No significant difference was observed across age

groups between nmal es and fenal es.

7. Anplitude Trenmor Frequency (Fatr)

a. Asignificant difference was observed in 7-8 years age
group against the 11-12 vyears, 12-13 years, 13-14
years and 14-15 years age groups, in males (Table

4.M7.).

b. A few consistent significant difference was observed
in the 6-7 years, 9-10 years, 12-13 vyears and 14-15
years age group against the other age groups in

females (Table 4.F. 7).

c. No significant difference was observed between nales

and fenmal es across age groups.
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8. Absolute Jitter (Jita)

a. A consistent significant difference was observed in
10-11 years age group against the other age groups, in

mal es (Table 4. M 8).

b. A significant difference was observed in the 11-12
years age group against the 5-6 years, 6-7 years, 7-8
years, 89 years and 9-10 years age groups, in

femal es (Table 4. F. 8).

A few random significant differences wer e al so

observed as can be seen from Table 4. M 8.

c. No significant difference was observed between nales

and femal es across age groups.
9. Jitter percent (Jitt)

a. Asignificant difference was observed in the 13-14
years age group against the 5-6 years age group, in

mal es (Table 4. M 9.).

b. No significant difference was observed across age

groups in females (Table 4.F.9).

c. No significant difference was observed between nmales

and fenmal es across age groups.
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10. Rel ative Average Perturbation (RAP)

a. A consistent significant difference was observed in
the 10-11 years age group against the other age

groups, in nmales (Table 4. M 10).

b. A consistent significant difference was observed in
the 13-14 years age group against the other age

groups, in fermales (Table 4. F. 10).

c. No significant difference was observed between nales

and fenal es across age groups.
11. Pitch Period Perturbation Quotient (PPQ

a. No significant difference was observed in males across

age groups (Table 4. M 11).

b. A consistent significant difference was observed in
the 5-6 years age group against the other age groups,

in females (Table 4.F. 11).

c. No significant difference was observed between nales

and femal es across age groups.
12. Snoothed Pitch Period Perturbation Quotient (sPPQ

a. No significant difference was observed in nales across

age groups (Table 4. M 12).



b.

C.

13.

a.

C.

14.

a.
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No significant difference was observed in fenmales

across age groups (Table 4.F.12).

No significant difference was observed between nales

and femal es across age groups.

Fundanment al Frequency Variation (VvFo)

No significant difference was observed in nales across

age groups (Table 4. M 13).

A significant difference was observed in the 6-7 years
age group against the 89 vyears, 9-10 years, 10-11
years and 12-13 years age groups, in females across

age groups (Table 4.F. 13).

No significant difference was observed between males

and femal es across age groups.

Shinmrer in dB (ShdB)

No significant difference was observed in nales across

age groups (Table 4. M 14).

A significant difference was observed in 13- 14
years age group against the other age groups, in

femal es (Table 4.F. 14).

No significant difference was observed between nales

and femal es across age groups.
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a.

C.

16.

a.

4.104

Shi mrer percent (Shim

A consistent significant difference was observed in
the 10-11 years age group against the other age

groups, in nmales (Table 4. M 15).

A significant difference was observed in the 14-15
years against the 5-6 years, 7-8 years, 9-10 years,
10- 11 years age groups, in fenmales across age groups

(Tabl e 4. F. 15).

No significant difference was observed between nales

and fenmal es across age groups.

Anpl i tude Perturbation Quotient (APQ

No significant difference was observed in nales across

all age groups (Table 4. M 16).

A consistent significant difference was observed in
the 13-14 vyears against the other age groups in

femal es (Table 4. F. 16).

A consistent significant differences was al so observed
in the 14-15 years age group against the 5-6 years,
7-8 years, 8-9 years, 9-10 years, 10-11 years age
groups, in females (Table 4. F. 16).

A significant difference was observed in 10-11 years
and 13-14 years age group between males and fenales

across the age groups.
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17. Snoot hed Anplitude Perturbation Quotient (sSAPQ

a. No significant difference was observed in males across

all the age groups (Table 4. M 17).

b. A consistent significant difference was observed
between the 13-14 years and 14-15 years age groups
against the other age groups, in females (Table

4.F. 17)

c. No significant difference was observed between nales

and fermal es across the age groups.
18. Peak Anplitude Variation (VA

a. No significant difference was observed in nmal es across

the age groups (Table 4. M 18).

b. A consistent significant difference was observed in
the age 11-12 age group against the 5-6 years, 7-8
years, 8-9 years, 9-10 years and 12-13 years age
groups, in fermales (Table 4. F. 18).

A few random significant differences wer e al so

observed in the ot her age groups (Table 4.F.18).

c. No significant difference was observed between nales

and femal es across the age groups.
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a.

b

C.
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Noi se to Harnonic Ratio (NHR

No significant difference was observed in males across

the age groups (Table 4. M 19).

No significant difference was observed in fenales

across the age groups (Table 4.F.19).

No significant difference was observed between nales

and femal es across the age groups.

20. Voi ce Turbul ence Index (VTI)

a.

b.

C.

21.

a.

No significant difference was observed in mal es across

the age groups (Table 4. M 20).

No significant difference was observed in fenales

across the age groups (Table 4. M 20).

No significant difference was observed between nales

and fenmal es across the age groups.

Soft Phonation Index (SPI)

A consistent significant difference was observed in
the 11-12 years age group against the other age

groups, inmales (Table 4. M 21).

A consistent significant difference was observed in
the 10-11 years against the 56 years, 6-7 years and
7-8 years age groups, in nales (Table 4. M 21).
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b. A consistent significant difference was observed in
the 10-11 years and 11-12 years age group agai nst the

ot her age groups, in females (Table 4.F. 21).

c. No significant difference was observed between nales

and femal es across the age groups.
22. Frequency Trenor Intensity Index (FTRI)

a. No significant difference was observed in males across

the age groups (Table 4. M 22).

b. No significant difference was observed in fenales

across the age groups (Table 4.F. 22).

c. No significant difference was observed between nales

and femal es across the age groups.
23. Anplitude Trenor Intensity Index (ATRI)

a. No significant difference was observed in mal es across

the age groups (Table 4. M 23).

b. A random significant difference was observed in sone

age groups, in fenales (Table 4.F. 23).

c. No significant difference was observed between nales

and feral es across the age groups.



24.

a.

25.

a.

26.

a.

4.108

Degree of Voice Breaks (DVB)

A significant difference was observed in the 6-7 years
age group against the 7-8 years, 89 years and 9-10

years age groups, in nales (Table 4. M 24).

No significant difference was observed in fenales

across the age groups (Table 4.F.24).

No significant difference was observed between nmnales

and femal es across the age groups.

Degree of Sub-Harnoni c Breaks (DSH)

No significant difference was observed in nales across

the age groups (Table 4. M 25).

A consistent significant difference was observed
in the 13-14 years age group against the other age

groups, in females (Table 4. F. 25).

No significant difference was observed between nales

and femal es across the age groups.

Degree of Unvoi ced Segnents (DUWV)

No significant difference was observed in males across

t he age gr oups (Tabl e 4. M 26) .
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C.

27.

a.

b.

C.

28.

a.
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No significant difference was observed in females

across the age groups (Table 4.F. 26).

No significant difference was observed between nales

and fenmal es across the age groups.

Nunber of Voice Breaks (NVB)

No significant difference was observed in nmales across

the age groups (Table 4. M 27).

No significant difference was observed in fenales

across the age groups (Table 4.F. 27).

No significant difference was observed between nales

and femal es across the age groups.

Nunber of Sub-Harnonic Segnents ( NSH)

No significant difference was observed in nales across

the age groups (Table 4. M 28).

A consistent significant difference was observed in
the 13-14 vyears age group against the other age

groups, in females (Table 4. F. 28).

No significant difference was observed between nales

and femal es across the age groups.
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29. Nunber of Unvoiced Segnments (NW)

a. No significant difference was observed in nal es across

the age groups (Table 4. M 29).

b. No significant difference was observed in fenales

across the age groups (Table 4.F.29).

c. No significant difference was observed between nales

and fenal es across the age groups.
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SUMVARY AND CONCLUSI ONS

| nt r oducti on

In the present study Milti Di nensi onal \oi ce
Program 4305 was used to acquire, analyse and display the
followng 29 paraneters froma single vocalisation. These
extracted paraneters were available as a nunerical value

file which was subjected to statistical analysis.

1. Average Fundanental Frequency (Fo)

2. Average Pitch Period (To)

3. Highest Fundanental Frequency (Fhi)

4. Lowest Fundanental Frequency (Flo)

5. Standard Devi ation of Fundanmental Frequency (STD)
6. Fo Trenor frequency (Fftr)

7. Anplitude Trenor Frequency (Fatr)

8. Absolute Jitter (Jita)

9. Jitter percent (Jitt)

10. Relative Average Perturbation (RAP)

11. Pitch Period Perturbation Quotient (PPQ

12. Snoothed Pitch Period Perturbation Quotient (sPPQ
13. Coefficient of Fundanental Frequency Variation

(vFo)
14. Shimrer in dB (ShdB)
15. Shimer percent (Shim
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16. Anplitude Perturbation Quotient (APQ
17. Snoothed Anplitude Perturbation Quotient (SAPQ
18. Peak Anplitude Variation (vVAmM

19. Noise to Harnonic Ratio (NHR)

20. Voi ce Turbul ence Index (VTIl)

21. Soft Phonation Index (SPl)

22. Frequency Trenor Intensity Index (FTRI)
23. Amplitude Trenor Intensity |Index (ATRI)
24. Degree of Voice Breaks (DVB)

25. Degree of Sub-Harnonic Breaks (DSH)

26. Degree of Voiceless (DW)

27. Nunmber of Voice Breaks (NvVB)

28. Nunmber of Sub-Harnonic Segnents (NSH)
29. Nunmber of Unvoiced Segnents (NW)

These paraneters were neasured across 10 age groups
(15 males and 15 fenml es/age group). A single phonation of
the vowel /a/ was recorded and fed to the conputer for
anal ysis. The obtained results were subjected to statistica
anal ysis (Mann Whitney 'U test and descriptive statistics)

using the NCSS software program

Thus the follow ng conclusions were drawn based on

the results of the present study.

A) A conparison of different age groups in case of

mal es showed that there was a consistent significant
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difference across the age groups in terns of the follow ng

par amet ers.

© ® N O g A w N e

Aver age Fundanental Frequency (Fo)

Average Pitch Period (To)

H ghest Fundanental Frequency (Fhi)
Lowest Fundanental Frequency (Flo)

Absol ute Jitter (Jita)

Jitter percent (Jitt)

Rel ati ve Average Perturbation (RAP)
Shimer in percent (Shinm

Soft Phonation Index (SPI)

B) A conparison of different age groups in fenales

showed that there was a consistent significant difference

across the age groups in terns of the follow ng paraneters:

© ® N o o~ W NP

Aver age Fundanental Frequency (Fo)
Average Pitch Period (To)

H ghest Fundanental Frequency (Fhi)
Lowest Fundanental Frequency (Flo)

Absol ute Jitter (Jita)

Rel ati ve Average Perturbation (RAP)
Pitch Period Perturbation Quotient (PPQ
Shinmrer in dB (ShdB)

Average Perturbation Quo ient (APQ
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10. Snoot hed Average Perturbation Quotient (SAPQ
11. Peak Anplitude Variation (vAmM

12. Soft Phonation Index (SPl)

13. Degree of Sub-Harnonic (DSH)

C) A conparison between mal es and fenal es across age
groups showed that there was a significant difference across

the age groups in terns of the follow ng paraneters:
Aver age Fundanental Frequency (Fo)

Average Pitch Period (To)

1

2

3. Highest Fundanental Frequency (Fhi)
4. Lowest Fundanental Frequency (Flo)
5

Amplitude Perturbation Quotient (APQ
Recommendati ons for further study

1. These paraneters may be studied with a larger
nunber of sanples, i.e., with three sanples of the phonation

[al, i/, /lul and speech.

2. O her paraneters |ike aerodynam c paraneters can
be considered and <correlated with these paraneters for

further study.

3. Mre nunber of male subjects and fenmal e subjects

may be used for further study.
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APPENDI X |

The definition of the 29 paraneters as given in the

MDVP manual are as foll ows: -

1. AVERAGE FUNDAMENTAL FREQUENCY (Fo-Hz)

Average value of all extracted period to peri od
fundanmental frequency val ues. Voice break areas are excl uded.

Fo is conputed fromthe extracted period to period pitch data

as:
Ij (i)
PO = =—— Fo
N i=1
_ 1
where Fo' ===epgy = period to period fo frequency.
7o' 1) =12, N - extracted pitch period data

N = PER - nunber of extracted pitch peri ods.

2. AVERAGE PI TCH PERIOD (To-nsec)

Average volune of all extracted pitch period values

voi ce break areas are excl uded.

where o't | = 1,2,....N - extracted pitch period data.

N = PER - nunber of extracted pitch periods.
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3. H GHEST FUNDAMENTAL FREQUENCY ( Fhi -Hz)

The greatest of all extracted period to peri od

fundanmental frequency val ues. Voice break areas are excluded.

It 1s conputed as

= ===—==— - period to period fundanenta
frequency val ues.

To (1 , 1 =1,2,...8N - extracted pitch period data.
4. LONEST FUNDAMENTAL FREQUENCY ( Fl o-Hz)

The Ilowest of all extracted peri od to peri od

fundanental frequency values voice break areas are excluded.

(1)

Flo = min [Fo 7"], 1 =1,2,....N,
1
where Fo(i) = ——pyy - period fundanental frequency val ues
To:" = ’
(1) . . .
To' "' =1 =1,2,....N - extracted pitch period data.

5. STANDARD DEVI ATI ON OF FUNDAMENTAL FREQUENCY (STD- Hz)

Standard deviation of al | extracted peri od to
period fundanental frequency values. Voice break areas are

excl uded.
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where Fo = --- ~ po't) = -=777 - period to period
N i=] To ~ f undament al

frequency val ues

rolt) = 1,2,....N - extracted pitch period data.

N = nunber of extracted pitch period data.
6. Fo - TREMOR FREQUENCY (Fftr-Hz)

The frequency of the nost intensive |ow frequency Fo
nodul ati ng conponent in the specified Fo - trenmor analysis
range. If the corresponding FTRI values is below the

threshold, the Fftr value is zero.
7. AMPLI TUDE TREMOR FREQUENCY (Fatr-Hz)

The frequency of the nost intensive |low frequency
anplitude nodul ating conmponent in the specified anplitude
trenor analysis range. If the corresponding ATRIA value is

bel ow the specified threshold, the Fatr value is zero.
8. ABSOLUTE JI TTER(Jit a- usec)

An evaluation of the period to period variability of
the pitch period within the analyzed voice sanple. Voi ce

break areas are excluded.

Jita is conputed as:

1 N-1 £ (il |

Jita = —-—- 5 To' ~' = To '~ ' |

N-1 i=1 |

where 7o'*) = i=lI,2,....N - extracted pitch period data.
PER - nunber of extracted pitch peri ods.
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Absolute Jitter neasures of the pitch short term
(cycle-to-cycle) irregularity of the pitch periods in the
voice sanple. This neasure is widely used in the research
literature on voice perturbation (Iwata and Vonl eden 1970). It
is very sensitive to the pitch variations occuring between
consecutive pitch periods. However, pitch extraction errors

may affect absolute jitter significantly.

The pitch of the voice can vary for a nunber of
reasons, cycle-to-cycle irregularity can be associated wth
the inability of the vocal <cords to support a periodic
vibration for a defined period. Usually this type of
variation is random They are typically associated wth

hoar se voi ces.

Both Jita and Jitt represent evaluations of the same
type of pitch perturbation. Jita is an absolute neasure and
shows the result in mcro-seconds which nakes it dependent on
t he average fundamental frequency of voice. For this reason
the normative values on Jita for nmen and wonmen differ
significantly. Hi gher pitch results into lower Jita. That's
why, the Jita value of two subjects with different pitch are

difficult to conpare.

9. JITTER PERCENT (Jitt-%

Rel ative evaluation of the period-to-period (every
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short term variability of the pitch wthin the analyzed

Voi ce

wher e To(i), i=l,2, N - extracted pitch period data.

N = PER - nunber of extracted pitch periods.

Jitter percent neasures the very short term (cycle-
to-cycle) irregularity of the pitch period of the voice.
Jitt is a relative nmeasure and the influence of t he
average fundanmental frequency of the subject is significantly

r educed.
10. RELATI VE AVERAGE PERTURBATI ON ( RAP-%

Rel ative evaluation of the period-to-period variability
of the pitch within the analyzed voice sanple wth snoothing
factor of 3 periods. Voice breaks areas are excluded. It is

conputed as:

\ .
1 N-1 |To(d ’+Tﬁ(l)+!4(l L) L
a0 ]| e v e iy o g S — TCJ' 1
N-2 i=2 3
e o B~ i O B, . . VN . B,
1 N i
- Z ro 't
N 1=1
(1) . . .
where To "’ i = 1,2,...,N - extracted pitch period data.

N = PER - nunber of extracted pitch peri ods.
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Rel ati ve Average perturbation measures the short term
(cycle-to-cycle wth snoot hi ng factor of 3 peri ods)
irregularity of the pitch period of the voice. The snoothing
reduces the sensitivity of RAP to pitch extraction errors.
However, it is less sensitive to the very short term period-
to-period variations, but describes he short term pitch

perturbation of the voice very well.

The pitch of the voice <can vary for a nunber of
reasons, cycle-to-cycle irregularity can be associated wth
the inability of the wvocal <cords to support a periodic
vibration with a defined period. Hoarse and/or breathy voices

may have an increased RAP.
11. PITCH PERI OD PERTURBATI ON QUOTI ENT ( PPQ %

Rel ati ve eval uation of t he peri od-to-period
variability of the pitch within the analyzed voice sanple with
a snmoothing factor of 5 periods. Voice break areas are

excluded. PPQ is conputed as,

where To™ | i=l,2,...... N - extracted pitch period data,

N = PER - nunber of extracted pitch peri ods.
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PPQ neasures the short term (cycle-to-cycle wth a
snoothing factor of 5 periods) irregularity of the pitch
period of the voice. The snoothing reduces the sensitivity of
PPQ to pitch-extraction errors while it is less sensitive to
period-to-period variations, it describes the short-termpitch
perturbation of the voice very well. Hoarse and/or breathy

voi ces may have an increased PPQ
12. SMOOTHED PI TCH PERI OD PERTURBATI ON QUOTI ENT (SAPQ %

Rel ative evaluation of the short or Jlong term
variability of the pitch period wthin the analyzed voice
sanpl e at snoothing factor defined by the user. The factory
setup for the snoothing factor defined by the user. The
factory setup for the snoothing factor is 55 periods, voice

break areas are excl uded.

I
}—
—
Ht

I
r

where A" =i=,2, N extracted peak to peak
N = nunber of extracted inpul ses anplitude data.

Sf= snoot hing factor

sPPQ all ows the experinmenter to define his own pitch

perturbation measure by changing the snmoothing factor from
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1 to 99 periods. This is desirable because in the scientific
literature researchers use pitch perturbation neasures wth

di fferent snpbothing factors or w thout snoothing.

Wth a small smoothing factor, sPPQ is sensitive
nostly to the short-term pitch variation of the voi ce
i mpul ses. Wth a snoothing factor of 1 (no snoothing), sPPQis
identical to Jitter variations occurring between consecutive
pitch periods. Usually this type of variation is random It
is typical for hoarse voices. However, pitch extraction errors

may object Jitter percent significantly.
13. FUNDAMENTAL FREQUENCY VARI ATI ON (VvFo-%

Rel ati ve standard deviation of t he f undanent a
frequency. It reflects, in general, the variation of Fo (short
termto long term, within the analyzed voice sanple. Voice

break areas are excl uded.
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vFo reveals the variations in t he f undanent a
frequency. The vFo value increases regardless of the type of
pitch variation. Ei ther random or regular short termor [|ong
termvariations increase the value of VvFo. Because the
sustai ned phonation nornmative thresholds assune that the
fundanental frequency should not change, any variations in the
fundanental frequency are reflected in VvFo. These changes
could be frequency trenors (i.e., periodic nodulation of the
voi ce) or non periodic changes, very high jitter or sinply

rising or falling pitch over the analysis |ength.
14. SH MVER I N dB (shdB-dB)

Evaluation 1is dB of t he peri od-to-period (very
short term) wvariability of the peak-to-peak anplitude wth
in the anal yzed voi ce sanpl e voice break areas are

excl uded.

Shimer in dB neasures the very short term cycle-to-
cycle irregularity of peak-peak anplitude of the voice. This
measure is widely used in the research |literature on voice

perturbation (lwata & Von Leden 1970). It is very sensitive
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to the anplitude variation occurring between consecutive pitch
peri ods. However, pitch extraction errors may affect shimer

percent significantly.

The anmplitude of the voice can vary for a nunber of
reasons. Cycle-to-cycle irregularity of anplitude can be
associated with the inability of the vocal fol ds to
support a periodic vibration for a defined period and

with the presence of turbulent noise in the voice signa

usually this type of variation in random It is typically
associated wth hoarse and breathy voices. APQ is the
preferred nmeasurenent for shimer because it i's | ess
sensitive to pitch extraction errors while still providing a

reliable indication of short-term anplitude variability in the

Voi ce.

Both shim and shdB are rel ative eval uati ons of
the sane type of anplitude perturbation but they use

di fferent nmeasures for the result percent and dB.

15. SH MVER PERCENT ( Shi m %

Rel ative evaluation of the ©period-to-period (very
short term variation -of t he peak-t o- peak anpl i tude
within the analyzed voice sanple voice break neans are

excl uded.
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where A(i1), i=l,2, = N - extracted peak to peak
anpl i t ude

N = nunber of extracted i npul ses.

Shi mer percent neasure the very short term (cycle-
to-cycle) irregularity of the peak-to-peak anplitude of the

Voi ce.
16. AMPLI TUDE PERTURBATI ON QUOTI ENT ( APQ %

Rel ati ve eval uati on of t he peri od-to-period
variation, variability of the peak-to-peak anplitude wthin
t he anal yzed voice sanple at snoothing of 11 periods. Voice

break areas are excl uded.

A\ - 4 1 Vi
_}_ [‘. : 1 (i+r) _ d__\'fi 2)
N-4 i=] 5 r=0
.\.-Jlx} ——————————————————————————————————
ol G T
N i=l
where A, i-1,2, N extracted peak to peak
anpl i tude
N = nunber of extracted i npul ses.

APQ neasures that the short term (cycle-to-cycle with

snoothing factor of 11 periods) irregularity of the peak-to-
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peak anplitude of the voice while it is less sensitive to the
period-to-period anplitude variations it still describes the
short term anplitude perturbation of the voice very well
breathy and hoarse voice usually have an increased APQ APQ
should be regarded as the preferred neasurenent for shimrer in

VDVP.

17. SMOOTHED AMPLI TUDE PERTURBATI ON QUOTI ENT (sAPQ %)

Rel ative evaluation of the short or long term
variability of the peak-to-peak anplitude within the analyzed
voi ce sanple at snoothing for the snoothing factor is 55
periods (providing relatively long-termvariability the user

can change this value as desired) voice break areas are

excl uded.
. L |
1 N-sf+1 1 EJ, | () Fitigmy
N-sE+1 =]
APQ =  ——mmmm e e
1 N ()
™ \ 1)
o A
(i) N i=1
where AT, i=1, N - extracted peak-to-peak

amplitude data
N = nunber of extracted inpul ses.

sf = snoothing factor.

SAPQ allows wuser to define their own anplitude
perturbation neasure by changing the snobothing factor from

1 to 99 peri ods.
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18. PEAK AMPLI TUDE VARI ATI ON (vAMm %

Rel ati ve standard deviati on of peak-to-peak anplitude.
It reflects in general the peak-to-peak anplitude wvariations
(short termto long term wthin the analyzed voice sanple,

voi ce break areas are excl uded.

VAm is conputed as ratio of the standard deviation to
the average value of the extracted peak-to-peak anplitude

data as:

where A | i=l,2, N - extracted peak to peak
anplitude data

N - nunber of extracted i npul ses.

VAm reveals the variations in the cycle-to-cycle
anplitude of the voice. The vAm value increases regardl ess of
the type of anplitude variation. Either random or regular

short termor long termvariation increase the value of vAmM
19. NO SE TO HARMONI C RATI O ( NHR)

Average ratio of the inharnonic spectral energy in the

frequency range 1500-4500 Hz to the harnonic spectral energy
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in the frequency range 70-4500 Hz. This is a genera

eval uation of noise present in the signal analyzed.

20. SOFT PHONATI ON | NDEX (SPI)

Aver age rati o of the I|ower frequency harnonic
energy (70-1600Hz) to the higher frequency (1600-4500 Hz)
har moni ¢ ener gy. I ncr eased val ue of SPI may be an
indication of inconpletely or |oosely adducted vocal folds

during phonati on.

21. VOCAL TURBULENCE | NDEX (VTI)

Vocal turbulence index 1is an aver age ratio of
the spectral inharnmonic high frequency ener gy in t he
range 2800-5800 Hz to the spectral harnonic energy in
the 4500 Hz in areas of the signal where the influence
of the frequency and amtitude variations, voice breaks and

sub- har noni ¢ conponents are m ni mal .

22. FREQUENCY TREMOR | NTENSITY I NDEX (FTRI-%

Average ratio of the frequency magnitude of the nost
sensitive |lowfrequency magnitude of the analyzed voi ce

si gnal .

23. AMPLI TUDE TREMCOR | NTENSI TY | NDEX (ATRI -%

Average ration of the anplitude of the nobst intense
| ow-frequency anplitude nodulating conponent to the tota

anplitude of the analyzed voice signal.



7.15

The nethod for conputation is sane as FTRI except that
here the peak to peak anplitude data has been taken into

consideration instead of fo data.
24. DEGREE OF VO CE BREAKS (DVB-%

Ratio of the total length of the areas representing

voi ce breaks to the tinme of the conplete voice sanple.

PR = o T e e e e i e B
where t1, t2 ... tn - Lengths of the 1st, 2nd,... voice
br eak
T - Length of analyzed voice data sanpl es.

DVB does not reflect the pauses before the Ist and
after the last voiced areas of the recording. It neasure the
ability of the voice to sustained uninterrupted voicing. The
normative threshold is "0" because a normal voice, during the
task of sustaining voice, should not have any voice break
areas. In cases of phonation wth pauses (such as running
speech, voice breaks, delayed start or earlier and of
sust ai ned phonation) DVB evaluates only the pauses between the

voi ced ar eas.
25. DEGREE OF SUBHARMONI C COVPONENTS ( DSH %

Rel ati ve eval uation of sub-harnonic to Fo conponents in

t he voi ce sanpl e.



