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The production of voice is a conplex process. It
depends on the synchrony between the respiratory, the
phonatory and the resonatory systens which inturn requires
preci se control by the central nervous system H rano (1981)
states that, "during speech and singing the higher order
centers including the speech centres in the cerebral cortex
control voice production and all the activities of the
central nervous system is finally reflected in nuscular
activity of t he voi ce organs". Because of t he
i nterdependence of the respiratory, phonatory and t he
resonatory systens during the process of voice production
di surbance in any one of the systemnmay lead to deviant or
abnormal voice quality. Voice plays a major role in speech
and hence in comunication. Therefore, voice needs to be
constantly nonitered and in t he event of abnor ma
functioning of voice, an immediate assessnment should be
undertaken which would lead to the diagnosis and not only
identifies the voice disorders but also acts as an indicator

for the treatnent and nmanagenent to be foll owed.

The ultimate aim of studies on normal ity and
abnormality of voice and assessnent and diagnosis of the

voice disorders is to enforce a procedure which wll



eventual ly bring back the voice of an individual to nornal

or optimm | evel.

There are various neans of analysing voice, devel oped
by different workers, to note the factors which are
responsible for creating an inpression of a particular

"voice" (Hrano, 1981; Nataraja, 1979; Rashm , 1985).

The human ear has a remarkable capacity to identify
and discrimnate varying sound conplex. One can identify the
speakers sinply by listening the voice. Well trained voice
clinicians are frequently able to determne the causative
pat hol ogi es on the basis of psychoacoustic inpression of

voi ce (Takhashi, 1974; Takhashi et al, 1974; H rano, 1975).

The psycho-acoustic evaluation of voice is done based
on pitch, loudness and quality of the voice sanple. Due to
its subjectivity the perceptual judgenent of voice has been

considered less worthy than the objective neasurenent.

There are ot her obj ective nmet hods like EMG,
Stroboscopy, ultra-sound glottography, ultra-high speed
phot ogr aphy, photo-electric glottography, electroglottogra-

phy, aerodynam c measurenents, acoustic analysis etc.



Presently acoustic analysis of voice is gaining nore

i nportance. Hirano (1981) states that this nmay be one
of the nost attractive nmethod of assessing the phonatory
function or |aryngeal pathology because it is non-invasive
and provides objective and quantitative data". Acoustic
anal ysis can be done by using nethods such as spectrography,

peak picking, inverse filtering, conputer based nmethods and

ot hers.

I n conputer based techniques there are many software
prograns which are designed to extract different paranmeters
of voice. However, the software programused in the present
study "Miltidinentional voice program - Model 4305"
devel oped and marketed by Kay Elenetrics Inc., New Jersey,
acquires, analyses and di spl ays thrity t hree voi ce
paraneters froma single vocalization. This programuses the
Comput eri sed Speech Lab hardware system for the signa
acqui sition, analysis and playback. Thrity three extracted
paraneters are available as nuneriacal file or they can be
di spl ayed graphically in conparision with a data base. This
conmparision graphically provides a visual "snapshot" of
clients vocalization. This graphic analysis can also be

printed for a patient's file.



The advantage of a nmultiple paraneters extraction is
that different paraneters are inportant for the diagnosis of
di fferent vocal pathol ogies. For exanple, a breathy voice
may have normal jitter values but the degree of breathiness
is likely to be revealed in the -extracted "turbulence"
paraneter. The trenor paraneters will neasure the nodul ation
of the voice by analysing the voice and extracting anplitude
and frequency trenor rate and anplitude. A patient wth
Par ki nson' s di sease may have a normal voice except for the

trenor.

Need for the Present Study:
1. To establish normative data concerning the |Indian

popul ati on using a |arger nunber of subjects.

2. To findout whether it is possible to differentiate
bet ween normals and dysphonics using the paraneters

weighted in differentiating the two groups.

In the present study MDVP software was used to extract
the follow ng paraneters:
1. Average Fundanental Frequency (Fo)

2. Average Pitch Period (To)
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10.
11.
12.
13.
14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24.

H ghest Fundamental Frequency (HFo)

Lowest Fundanental Frequency (LFo)

Standard Devi ation of Fundamental Frequency (STD)
Phonat ory Fundanmental Frequency Range (PFR)

Fo Frequency Trenor (Fftr)

Anplitude Trenor Frequency (Fatr)

Length of Anal ysed Voice Data Sanple (TSam).
Absolute Jitter (Jita)

Jitter Percent (Jitt)

Rel ati ve Average Perturbation (RAP)

Pitch Period Perturbation Quotient (PPQ

Snmoot hed Pitch Period Perturbation Quotient (SPPQ
Co-efficient of Fundanental Frequency Variation
(vFo)

Shimrer in dB (ShdB)

Shi nmrer in Percent (Shim

Anpl i tude Perturbation Quotient (SAPQ

Snoot hed Anplitude Perturbation Quotient (SAPQ
Co-efficient of Anplitude Variation (VAmM

Noi se to Harnonic Ratio (NHR

Voi ce Turbul ence I ndex (VTI)

Soft Phonation | ndex (SPI)

Frequency Trenor Intensity |Index (FTRI)



25. Anplitude Trenor Intensity Index (ATRI)
26. Degree of Voice Breaks (DvB)

27. Degree of Sub-Harnonic Conponents (DSH)
28. Degree of Voicel ess (DWW

29. Nunber of Voice Breaks (NVB)

30. Nunber of Sub-Harnonic Segnents (NSH)
31. Nunber of Unvoiced Segnents (NW)

32. Total Nunmber of Segnents (SEQ

33. Nunber of Pitch Periods (PER)

A group of 60 normal subjects which fornmed the control
group (30 males and 30 females) in the age range of 17 to 25
years and second group of thirty dysphonic subjects which
formed the experinental group (18 males and 12 fenmales) in
the age range of 20 to 60 years were considered for the

st udy.

Al'l the above nentioned paraneters were neasured for 3
trails of phonation of vowels /a/, /i/ and /u/ and 3 trials
of sentence /ali/ /ga:di/ /ide/. The following hypothesis

were considered in the present study.

Hypot hesi s:
| a. There is no significant difference between the
three trials of phonation of vowel /a/ interns of

the different paraneters.



b.

There is no significant difference between the
three trials of phonation of vowel /i/ interns of

the different paraneters.

There is no significant difference between the
three trials of phonation of vowel /u/ interns of

the different paraneters.

There is no significant difference between the
three thrials of sentence /ali/ [/ga:di/ [ide/

interns of different paraneters.

There is no significant di fference bet ween
phonation of the vowels /a/ and /i/ internms of

the different paraneters.

There is no significant di fference bet ween
phonation of the vowels /a/ and /u/ internms of

the different paraneters.

There is no significant di fference bet ween
phonation of the vowel /a/ and the sentence

interms of the different paraneters.



There is no significant di fference bet ween
phonation of the vowels /i/ and /u/ interns of

the different paraneters.

There is no significant di fference bet ween
phonation of the vowel /i/ and the sentence

interns of the different paraneters.

There is no significant di fference bet ween
phonation of the vowel /u/ and the sentence

interns of the different paraneters.

There is no significant difference between the
two groups - normal rmales and normal fenal es

interms of the different paraneters.

There is no significant difference between the
two groups - normal males and dysphonic rmales

interms of the different parameters.

There is no significant difference between the
two groups - nornmal females and dysphonic fenales

interms of the different paraneters.
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d. There is no significant difference between the
two groups - dysphonic nmales and dysphoni c

females internms of the different paraneters.

Limtations of the Study:
1. The nunber of nornal subj ect s st udi ed wer e
restricted to 30 males and 30/femal es.
2. The nunber of dysphonic studied were 30 (12 fenual es
and 18 mal es).
3. The control and the experinental group were not

mat ched interns of their age

| nplications of the Study:
1. njectiveness in analysis of voice.
2. Helps in objective diagnosis.
3. More efficient treatnment which wll bet ainmed at
treating the specific aspect of voice rather than
the earlier and nore general way of treating the

voi ce di sorder.
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REVI EW OF LI TERATURE

Communi cation has |ong been recognized as one of the
nost fundanental conponents of human behavi our (Peterson
1958). The ability of the human beings to use their voca
apparatus with other organs to express their feelings, to
describe an event and to establish comrunication is unique
to them It took mllions of years for hunman beings to
develop this faculty. The onset of +the human era is
recogni zed to have started wth the acquisition of the
ability to comruni cate using the vocal apparatus for socia
interaction. No normal person has failed to develop this
faculty and no other species is known to have devel oped this

ability.

"The act of speaking is a very specialised way of
using the vocal nechanism The act of singing is even nore
so. Speaking and singing demand a conbination or interaction
of the mechani smof respiration, phonation, resonation and

speech articul ati on" (Boone, 1983).

The underlying basis of speech is voice. The inportance
of voice in speech is very well depicted when one considers

the cases of laryngectony or even voice disorders.
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The crucial event essential for voice production is
vi bration of the vocal folds. It changes DC air streamto AC
air stream converting aerodynam c energy into acoustica
energy. Fromthis point of view, the paraneters involved in

the process of phonation can be divided into three nmjor

groups:
1. The paraneters which regulate the vibratory pattern
of the vocal folds.
2. The paraneters which specify the vibratory pattern
of the vocal folds.
3. The paraneters which specify the nature of sound
generated (Cotz, 1961).
Hirano (1981) has further elaborated on this, by
stating that, "The paraneters which regulate the vibratory

pattern of the vocal folds can be divided into two groups:
physi ol ogi cal and physical. 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”



13

The vibratory pattern of the wvocal folds can be
described with respect to various paraneters including the
f undanent al frequency, reqgularity or periodicity in
successive vibrations, symetry between the two vocal folds,
uniformty in the novenent of different points wthin each
vocal fold, glottal closure during vibration, contact area

bet ween the two vocal folds, and so on.

The nature of sound generated is chiefly determ ned by
the vibratory pattern of the vocal folds. It can be
specified both in acoustic ternms and in psycho-acoustic
terms. The psycho-acoustic par anet ers are natural ly
dependent on the acoustic par anmet ers. The acoustic
paranmeters are fundanmental frequency, intensity, acoustic
spectrumand their tine-related variations. The psycho-
acoustic parameters are pitch, |oudness and quality of the

voice and their tinme related changes.

Acoustic analysis has been considered as the basic
tool in the investigation of voice disorder. It has been
considered vital in the diagnosis and the managenent of

patients with voice disorders.
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Hrano (1981) has pointed out that the acoustic
analysis of the voice signal my be one of the nost
attractive nethods for assessing phonatory function or
| aryngeal pathol ogy because it is non-invasive and provides

obj ective &quantitative data.

Further, a clinician will not really know what to
expect with a nedical diagnosis having a conplete physical
description of the larynx together with some adjectives like
"hoarse" or "rough" until he actually sees the case (Mchae
and Wendahl 1971). On the other hand, if the clinician
receives a report which includes neasures of frequency
ranges, respiratory function, jitter, shimer, their rel ated
vari ati ons, noise and harnonic conmponents etc., in the form
of a voice profile, the clinician can then conpare these
values to the norns for each one of the paraneters and thus
have a relatively good idea as to how to proceed wth

t herapy even before seeing the patient. Moreover, periodic

measur ement of t hese paraneters during the course of therapy

may well provide an useful index so as to the success of the

treatnment. (Mchael and Wendahl, 1971).

An objective method of locating optimm pitch was

undertaken by Nataraja (1972). This was done by stinulating
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the vocal tract by an external sound source. A relation
between the natural frequency of the wvocal tract and the
fundanental frequency was devel oped and it was found to be
81 for males in the age range of 20-25 years (Nataraja,

1972).

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

age range of femal e, population (Shantha, 1973).

Jayaram (1975) has nade an attenpt to conpare sone of
the paraneters of voice between normals and dysphonics. A
significant difference in the habitual frequency neasures

were got between the subjects of both the groups.

Nataraja (1972), Samuel (1973), Shanta (1973), Sheela
(1974) and Asthana (1977) have used stroboscope w th Tacho
unit and SPL neter to determ ne 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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Del i ysKki (1990) presented an acoustic nodel of
pat hol ogi cal voi ce production which describes the non-linear
effects occuring in the acoustic wave-form of disordered
voi ces. The noi se conmponents such as fundanental frequency
and anplitude irregularities and variations, sub-harnonic
conponents, turbulent noise and voice breaks are fornmally
expressed as a result of randomtine function influence on
the excitation function and the glottal filter. Quantitative

eval uation of these random functions is done by conputation

of their statistical characteristics which can be useful in
assessing voice in clinical practice. Thi s set of
parameters, which corresponds to the nodel, allows a

mul ti di mensi onal voice quality assessnment. Since any single
acoustic parameter is not sufficient to denonstrate the
entire spectrum of vocal function or of |aryngeal pathol ogy,
mul ti di mensional analysis using nmultiple acoustic paraneters
has been attenpted by sonme investigators. Davis (1976) used
paranmeters such as pitch perturbation quotient, anplitude
perturbation quotient, picth anplitude, co-efficient of
excess, spectral flatness of the inverse filter spectrum and
spectral flatness of the residue signal spectrum and
per f or ned mul ti di nensi onal anal ysi s ai m ng at

differentiation of pathological voices from normal voices.
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The detection probability was 95.2% in a

67.4% in an open test.

Hirano (1989) did an international
recommended the following neasures for
eval uati on

1. Air flow

Phonati on Quotient (PQ
Vocal Velocity Index (WO
Maxi mum Phonation Tine (M)

2. Fo range

SPL range
Habi t ual Fo
Habi t ual SPL
3. El ectrogl ottography
4. Tape recording
Pitch perturbation
Ampl i tude perturbation
SN ratio
LTAS

| nverse filter acoustic
VOT

Per cept ual eval uation

cl osed test

survey

clinical

and

and

has

Voi ce
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5. Laryngeal Mrror
Fi broscopy of larynx
M croscopy of |arynx
6. X-ray Laryngography
7. Vital capacity
Ri bcage and abdom nal novenents

8. Audionetry.

There are various objective nethods to evaluate these
paraneters. Stroboscopic procedure, pardue, pitch neter,
hi gh speed ci nemat ography, el ectroglottography, digi pitch,
pitch conputer, ul trasonic recordi ngs and t he hi gh

resol ution signal analyser.

But at present various conputer based nethods are
bei ng evolved which are very fast in ternms of analysing the
voi ce sanples and giving the values of the paraneters as
such. Recently these nethods are being used nostly in
clinical and research work because they are tine saving and
they don't need I nterpretation on t he part of
experinmenter since the paraneters are automatically anal ysed

and given.
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Voi ce disorders in general are diagnosed to be hoarse,
and/or with variation in pitch. This helps to understand the
devi ancy of voice grossly but doesn't help to probe into
finer aspects. Hence, the need was felt to explore finer
details of voice. By doing so, one can understand nore
clearly about a person's voice as he gets to know the aspect
of voice which is deviant meking the voice sound abnornal.
This will lead to

1. Objectiveness in analysis of voice.

2. (Objective analysis of voice disorders.

3. Mrre efficient treatnment which wll be ained at

treating the specific aspect of voice rather than
the earlier and nore general way of treating voice

di sorder.

Fundanent al Freqnency:
Voi ce, the underlying basis of speech, has three major

attributes, nanely, pitch, |oudness and quality.

Pitch is the psychophysical correlate of frequency.
Al t hough pitch is often defined interns of pure tones, it is
clear that noises and other aperiodic sounds, have nore or

| ess definite pitches. The pitch of conplex tones according
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to Stevens and Davis (1935) depends upon the frequency of
its dom nant conponent, that is, the fundamental frequency
in a conplex tone. Plonp (1967) states that even in a
conpl ex tone, where the fundanental frequency is absent or
weak, the ear is <capable of perceiving the fundanenta
frequency based on periodicity of pitch. Enrickson (1959) is
of the opinion that the wvocal cords are the wultimte
determ ners of the pitch and that the sanme general structure
of the cords seemto determne the range of frequencies that

are produced.

The factors determning the frequency of vibration of
any vibrator are mass, length and tension of the vibrator.
Thus mass, length and tension of the vocal cords detem ne

t he fundanental frequency of voice.

A both quality and |oudness of voice are
mai nl y dependent upon the frequency of vibration. Hence, it
seens apparent that frequency is an inportant paraneter of

voi ce". (Anderson, 1961)

There are various objective nethods to evaluate the

fundanental frequency of the vocal cords. Stroboscopic
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procedure, high speed C nematography, El ectrogl ot t ogr aphy,
U trasonic recordings, Stroboscopic Lam nography (STROL),
Cepstrum Pitch detection; Digi pitch, the 3M Plastiform

Magnetic Tape Viewer, Spectrography, Pitch conputer, the

hi gh resolution signal analyser frequency neter, visipitch,
vocal 11, conputer with speech interface unit and software
etc.

The changes in voice wwth age and within the speech of
an individual have been the subject of I nt erest to
scientists. Various investigations dating back to 1939 have
provided data on various vocal attributes at successive
devel opnental stages frominfancy to old age. Fair banks
(1940, 1949), Curry (1940), Snidecor (1943), Hanky (1949),
Mysak (1950), Sanuel (1973), Usha Abraham (1978), GCopa
(1980) and Indira (1982), Kushal Raj (1983), Rashm (1985)
are sone anong those who have studied the changes in

fundanental frequency of voice with age.

Lowering in the fundanental frequency is gradual till
the age of 10 years (Copal, 1980), 15 years (Sanuel, 1973),
13 years (Usha, 1978), 14 years (Rashm, 1985) after which

there is a sudden marked Ilowering in the fundanenta
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f requency. The f undanent al frequency val ues are
di stingui shed by sex only after the age of 11 years,
al though small sex difference m ght occur before that age

Kent (1976), Usha (1978), George (1973), Gopal (1980).

Gopal (1980) reported a gradual lowering of the
fundanental frequency as a function of age fromthe age of 7
years to 17 years, for the vowel /a/ in both males and
femal es. The fundanmental frequency drops slightly duri ng
the first three weeks or so, but then increases until about
the fourth nonth of life, after which it stabilizes for a

period of approximately five nonths.

Beginning with the first year, Fo decreases sharply
until about three 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 years,
whi ch marks the beginning of a substantial drop for male
voi ces, the well known adol escent voice change in the case
of females. The decrenment in Fo from infancy to adulthood
anong females is somewhat in excess of an octave, Wwhereas
mal es exhibit an overall decrease approaching two octaves

(Kent, 1976).
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Studies on Indian population have shown that, in
mal es, the lowering in the fundanmental frequency is gradual
till the age of 10 years, after which, there is a sudden
marked lowering in the fundanental frequency, which is
attributable to the changes in vocal apparatus at puberty.
In case of fermales a gradual |lowering of Fo is seen (George,
1973; Usha, 1979; Gopal, 1980; Kushal Raj, 1983; Rashm,
1985) .

The study of fundanental frequncy has i mport ant
clinical inplications. Cooper (1974) has used spectrographic
analysis, as a clinical tool to describe and conpare the Fo
and hoarseness in dysphonic patients before and after voca
rehabilitation. Jayaram (1975) f ound a signi ficant
difference in habitual frequency neasures between normal's

and dysphoni cs.

A study was conducted by Asthana (1977) to find the
effect of frequency and intensity variation on the degree of
nasality in cleft palate speakers. The results of the study
showed that the cleft palate speakers have significantly
| ess nasality at higher pitch levels than the habitual
pitch. But the degree of perceived nasality did not change

significantly when habitual pitch was | owered.
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Fundanent al Frequency in Speech for Normal |ndian Popul ation
(Based on Studies conducted at All SH)

Nor mal Fundanental Frequency in Hz
Age group in Years

Mal es Femal es

4- 7 233 248

7-11 255 238
11-13 247 240
14- 15 177 244
16- 25 139 224
26- 35 142 230
36- 45 147 243
46- 55 148 258

56-65 150 235

Nat araja and Savithri (1990)

Most of the therapies of voice disorders are based on
the assunption that each individual has an optinmumpitch at
which the voice will be of a good quality and wll have
maxi mum intensity with | east expense of energy (Nataraja and
Jayaram 1982). Most of the therapies aim to alter the
habi tual pitch level of the patients or make the patient to
use his optimm pitch (Cowan, 1936; West et al, 1957,
Ander son, 1961; Van Riper and Irwin, 1966).
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It is therefore apparent that the neasurenent of the
fundanental frequency of voice has inportant applications in
both the diagnosis and treatnent of voice disorders and al so
reflects the neuronuscul ar developnent in children (Kent,

1976).

Fundanent al Frequency in Speech:

In daily life, man comuni cates through speech. An
evaluation of the fo in phonation, nmay not represent the
true fundanental frequency used by an individual in speech.
Hence, it beconmes inportant to evaluate the speaki ng

fundanental frequency.

The fundanental frequency in speech is estinmated
subjectively by matching or it is determned objectively
wth a pitch neter or digipitch. For nor e preci se
measurenment, Fo histograns are obtained with the aid of a

conput er.

Many i nvesti gators have st udi ed t he speaki ng
fundanental frequency as a function of age and in various
pat hol ogi cal conditions. The age dependent variations of
speaki ng fundanental frequency reported by Bohne and Hecker

(1970) indicate that the nean speaking fundanental frequency
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decreases with age up to the end of adolescence. A narked
| owering takes place during adol escence in nmen. In advanced
age, mean fundanental frequency in speech becones higher in

men but is slightly lowered in wonen.

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

| evel of wonen probably varies little throughot adult life.

Gl bert and Canpbell (1980) studied the speaking
fundanental frequency in three groups (4 to 6 years, 8 to 10
years and 16 to 25 years) of hearing inpaired individuals,
and reported that the values were higher in the hearing
i mpai red groups when conpared to values rep rted in the
literature for normally hearing individuals of the sane age

and sex.

Murry (1978) studying the fundanental frequency in
speech characteristics of four goups of subjects, nanel y
vocal fold paralysis, benign mass |esion, cancer of the

larynx and normals noted that the paraneters of mean
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fundanmental frequency in speech failed to separate the

normals fromthe three groups of pathologic subjects.

In a parallel study, Mrry and Doherty (1980) reported
that along with other voice production neasure} such as
di rectional and magni tudi nal perturbation, the fundanenta
frequency in speech inproved the discrimnant function

bet ween normal voices and nmalignancy of the |arynx.

Sawashima (1968) reported a rise in nmean fundanental
frequency in speech in cases of sulcus vocalis and a fall in
mean fundamental frequency in speech in cases of polypoid
vocal folds and wvirilism Very high nmean f undanent al
frequency in speech values result from disturbances of
mutation in males. At present nmean Fo in speech is neasured

as a clinical test value. (Hrano 1981)

Nat araj a and Jagadeesh (1984) neasured fundanmenta
frequency in phonation, reading, speaking and singing and
al so the optimum frequency in thrity normal nmales and thrity
normal femal es. They observed that the fundanental frequency
increased from phonation to singing wth speaking and

reading in between. Hence, fundanmental frequency has to be
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measured under different conditions in evaluation of voice
di sorders ie., it may not be enough if one considers one

condition to determ ne the nean fundanental frequency used

by t he case for eval uation of Voi ce.
Thus the review of literature shows t hat t he
measurenent of Fo both in phonation and speaking IS

important in assessing the neuronmuscular devel opnment and
di agnosis and treatnent of voice disorders. However, t he
present study is also considering the neasurenent of
fundanental frequency both in phonation and in speech as it

woul d be hel pful in assessing the earlier findings.

Frequency Range in Phonation and Speech:

Humans are capable of producing a wde variety of
acoustic signals. The patterned variations of pitch over
linguistic units of differing length (syllables, words,
phrases) vyeild the critical prosodic feature, nanel y

i ntonation (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, the
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spread of frequency range used corresponds to the nood of
the speaker, that is, as Skinner (1935) reports, cheerful
ani mat ed speech exhibits greater range wuse than serious,

t hrought ful speech.

As far as wvariability of fundanental frequency is
concerned, the nost extensive study is that of Eguchi and
Hrsh (1969), who col | ected data for 84 subj ects
representing adulthood and the age |evels of 3-13 years, at
one year intervals, for the vowels /i/, Ix/, /ul, [El, [al,
and / / as produced in the sentece contexts. The variability
of fundanental frequency progressively decreased wth age
until a maxi numwas reached at about 10-12 vyears. This is
taken as an index of the accuracy of the | aryngeal
adj ustments during vowel production, then the accuracy of
control inproves continuously over a period of atleast 7-9

years.

Hudson and Hol brook (1981) studied the fundanenta
vocal frequency range in reading, in a group of young black
adults, age ranging from 18 to 29 vyears. Their results

indicated a nean range from 81.95 to 158.50 Hz in nmales and
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from139.05 Hz to 266.10 Hz in femles. Conpared to a
simlar white population studied by Filch and Holbrook
(1970), the black population has greater nean frequency
ranges. Fitch's (1970) white subjects showed a greater range
bel ow t he nean node than above. This behavi our was reversed
for the black subjects. Hudson (1981) pointed out that such
pattern's of vocal behaviour may be inportant clues which

alert the listener to the speaker's racial identity.

Ceneral conclusions about the diagnostic val ue of
fundanental frequency wvariability are difficult to nake
because such measur enent s are hel pf ul in certain

pat hol ogi cal coditions but not in others (Kent, 1976).

During speech, using a normal phonatory, mechanism a
certain degree of variability in frequency is expected and
indeed is necessary. Too limted or too wde variation in
frequency is an indication of abnormal functioning of the
vocal system However, even if an individual has frequency
range within normal Ilimts he may still use little
inflection during speech. An octave and a half in males and

two octaves in females is considered normal frequency range.
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Frequency Range in Phonation and Speech in Normals and
Dysphoni cs (Based on Studi es Conducted at Al Il SH)

Nor mal Dysphoni cs
Frequency Range in (Hz)
Mean Range Mean Range
Phonati on 9.00 1-29 210 117-470
Speech 295 117- 427 332 121- 496

Nataraja and Savithri, 1990

Sheela, (1974) has found that the pitch range was
significantly greater in trained singers than in wuntrained
singers. Jayaram (1975) reported that in nor mal mal es
t he frequency range ranged from90 Hz to 510 Hz; and it
ranged from 30 Hz to 350 Hz in dysphonic males. The females
of the normal and dysphonic groups presented 140 Hz to 710
Hz; and 60 Hz to 400 Hz as their range of frequency range
respectively. He also reported that as a group, dysphonics,
both males and fenales presented a restricted frequency
range as conpared to normals. Thus, the neasure of frequency
range gains inportance in differenti al di agnosi s of

dysphoni cs.

Shi pp and Huntington (1965) indicated that laryngitic
voi ces had significantly smaller ranges than did post-

laryngitic voices. The results of a study by Mirry (1978)
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showed a reduced senitone range of fundanental frequency in
speech in patients with vocal fold paralysis, as conpared
with normals. Murry and Doherty (1980) reported that the
variability in fundamental frequency in speech, along the
di rectional and magni tudi nal perturbation factors, enhanced
the ability to discrimnate between talkers Wi th no
| aryngeal known vocal pathology and talkers with cancer of

t he | arynx.

Adarms (1981) discovered that stutterers and non-
stutterers used a greater range of fundanental frequencies
while reading at a higher than normal pitch as when conpared
with reading in their habitual pitch. Mreover, reading in a
| ower than normal pitch produced |ess fundanmental frequency

variability then reading at habitual pitch |evels.

Nat araja (1986) found that the frequency range did not
change nuch with age ie., in the age range 16-45 vyears. He
al so found that fenales showed a greater frequency range
than mal es in both phonation and speech. Gopal (1986) froma
study of normal males from 16-65 vyears, reported slightly

| ower frequency range in speech.

Thus review indicates, that it is inportant to have
extensive data on the pitch variations, before it can be

applied to the clinical population.
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Hanson, Gerratt and Ward (1983), suggested that
majority of phonatory dysfunctions are associated wth
abnormal and irregular vibrations of the vocal folds. These
irregular vibrations lead to the generation of random
acoustic energy, 1ie., noise, fundanental frequency and
intensity variations. This random energy and aperiodicity of
Fo is perceived by human ears as hoarseness. Hence, the
spectral, intensity and Fo paraneters are nore appropriate
in quantifying phonatory dysfunctions. The frequency rel ated
paraneters are the nost rugged and sensitive in detecting
anatom cal and physi ol ogi cal changes in the larynx [Hanson,

Gerratt and Ward (1983)].

Anmong the fundanental frequency related neasurenents,
t he neasurenent of Fo variation and other paraneters are
very useful in early identification, assessnent of severity

and differential diagnosis of dysphonics.

Cycle to cyle variation in fundanental frequency is
called pitch perturbation or jitter. Presence of snal
anount of perturbation in normal voice has been known
(Moore, Von Leden 1958, Von Leden etal 1960). Aperiodic
| aryngeal vibratory pattern have been related to t he

abnormal voice (Carhart, 1983, 1941; Bow er, 1964).
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Baer (1980) explains vocal jitter as inherent to the
met hod of nuscle excitation based on the neuronuscul ar nodel
of the fundanental frequency and nuscl e physiology. He has
tested the nodel using EMG from crico-thyroid nuscle and
voi ce signals, and clainms neuronuscular activities as the

maj or contributor for the occurance of perturbation.

Wke (1969), Sorenson, Horii and Leonard (1980) have
reported the possible role of [laryngeal nucosal reflex
mechani smin Fo perturbation. This view of possible role of
| aryngeal nucosal reflex findings gets support from the
studies where deprivation or reduction of af f er ent
information fromthe larynx occured by anesthesizing the
| aryngeal mnuxcles. This mght have reduced the |aryngea
nmucosal reflex (Wke '67, '69) and inturn increase the

Jitter size in sustained phonation. (Sorenson et al 1970).

Hei berger and Horii (1982) also say that the nucosa
receptors in the larynx are inportant 1in maintaining the
| aryngeal tension particularly in sustaining high frequency
tone. They stated that "the physiological interpretation of
Jitter in sustained phonation should probably include both
physical and structural wvariations and nmyoneur ol ogi cal

vari ations during phonation.
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A nunber of high speed |aryngoscopic notion pictures
reveal that the laryngeal structures (the vocal folds) were
not totally symetric. Di fferent anount s of nmucous
accunulates on the surface of the vocal folds during
vibration. In addition turbulent air flow at the glottis
al so causes sone perturbations. Limtations of |aryngea
servo nechanism through the articular nyotitic mucousal
reflex system (Gould and Ckanura 1974; Wke 1967) may also
i ntroduce small perturbations in |aryngeal nuscle tone. Even
W t hout consideration of reflex nechanism the |aryngea
muscl e tone have inherent perturbation due to the tine-
straggered activities, which exist in any voluntary nuscle

contractions.

Von Leden et al (1960) reported that the nost frequent
observation in the pathological conditions is that there is
a strong tendency for frequent and rapid changes in the
regularity of vibratory pattern. The variations in the
vibratory pattern are acconpanied by transient pressure
changes across the glottis which are reflected acoustically
in disturbance of the fundanental frequency and anplitude
patterns. Hence, pitch perturbation and anpl i tude

perturbation values are greater in pathological conditions.
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Wl cox (1978), WIlcox and Horii (1980) reported that a
greater magnitude of jitter occurs with advancing age which
they attributed to the reduced sensory contribution from
| aryngeal nechanoreceptors. However, these changes in voice
with age may al so be due to physical changes associated with
respiratory and articulatory mechanism These perturbations
and related paranmeters in pitch and anplitude can be
measured. There are different algorithns for the neasurenent

of pitch perturbations. Sone of them are:

1. Absolute Jitter/ sec/or Jita:

K () o (i+1)
Jita = --- 2 To't/-To'?
N-1 i=1
Where, To(l}, i=l, 2 .. N - extracted pitch period data.

N=PER, No. of extracted pitch periods.

2. Jitter Percent or Jitt:

= o (1) _pg (1+1)
N-1 i=1
Jitt = ———cemmmmcm e e
N
- S To (1)
N i=l
Where, To(l), i=l, 2 .. N - extracted pitch period data

N=PER, No. of extracted pitch periods.

3. Pitch Period Perturbation Quotient (%):

¥ /% %i oo (1+E) g (i+2) |
N-4 i=1[5 r=0
pPQ T e e e e i  —— — —  — ——  — —— — — — — —— ——— e ———
N
- > melt)
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4. Smoothed Pitch Period Perturbation Quotient (%):

: -Sf+1 sf-1 ; g
______ Z S 1o (1+E) _qp (i+m)
N-Sf+1 i=1 Sf r=0
SPPQ = === m e e e e
1 N
=S (1)
N i=1
Where, To(l), i=1, 2, .. N extracted pitch period da ,
N = PER, No. of extracted pitch periods
Sf= Smoothing factor.

5. Co-efficient of Fo Variation (%):

1 N 1 N ;
- :E_ - 5, Fo(l) FO(1) 2
o N i=1 N i=1
VFO = == = memmmm e e e e e e
Fo 1 N .
= Fo(l)
N i=1
1 N (i)
Where, Fo = - Fo'l , and
N i=1
(i) :
Fo'l’ = —~—-< - Period to period Fo values
To (1)

To(l), i=1, 2, ... N extracted pitch period data
N=PER, No. of extracted pitch periods.

6. Relative Average Perturbation (%):

1 N-1 [7o(i™1) yqpo (1) g (1+1) _ //
——— Z ————————————————————— - To(l)

N-2 1i=2 3
RAP = —— oo o
1 N
" z To(l)
N i=1

Where, To(l), i=1l, 2, .... N, extracted pitch period

N=PER No. of extracted pitch periods
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Li eberman, (1963) found that pitch perturbations in
normal voice never exceeded b5nmsecs in the steady state
portion of sustained vowel s. Simlar vari ations in
fundanental periodicity of the acoustic wave form have been

nmeasured by Fairbanks (1940).

Iwata and Vonleden (1970) reported that the 95%
confidence limts of pitch perturbations in normal subjects

ranged from- 0.19 to +0.2 nsec.

Several factors have been found to effect the values
of jitter such as age, sex, vowel produced, frequency and

intensities.

Hi ggi ns and Saxman (1989) reported higher values of
frequency perturbation in mles than femal es. Gender
difference may exist not only in nmagnitude, but also in the

variability of frequency perturbation.

Sorenson and Horii, (1983) reported that normal fenale
speakers have nore jitter than normal nmale speakers. This
result contradicts the findings of Hggins and Saxman,

(1989).
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Robert and Baken, (1984) reported higher jitter val ues
in mles and females. They attributed this difference to Fo.
Wen the Fo increases the percentage of jitter values

decr eases.

Zemin, (1962) has reported greater jitter values for
/al than /i/ and /u/ showed |owest value. This result is
supported by the studies of Wlcox (1978) and Linville and
Korabic (1987).

Johnson nd M chel, (1969) reported greater jitter

value for high vowels than Iow vowels in 12 English vowels.

W | cox and Horii, (1980) reported that /u/ was
associated with significantly smaller jitter (0.55% than

[al and /i/ (0.68% and 0.69% respectively).

Sorensen and Horii, (1983) studied the vocal jitter
during sustained phonation of /a/, /i/ and /u/ vowels. The
result showed that jitter values were low for /a/ wth
0.71% high for /i/ with 0.96% and internmediate for /u/ wth
0. 86%
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Linville and Korabic, (1987) have found that intra-
speaker variability tend to be greatest on the Ilow vowel

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

The values of the nmeasures of jitter are dependent
upon the vowels produced during sustained phonation and al so
the frequency and intensity level of the phonatory sanple

and also the type of phonatory initiation and term nati on.

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.

Cycle to cycle wvariation of anplitude 1is called
intensity perturbation or shimer. These perturbations in
anpl i tude can be measured using several paranmeters. There
are different algorithm for neasurenent of anpl itude

perturbations. Sone of themare given bel ow

1. Shimmer in dB/dB/ or Sh dB:

1 N-1 {+1) )
Sh dB = -—- S_ 20 log (afitl) (i),
N-1 i=1
Where, Atl}, i=l, 2, ... N - wextracted peak to peak

amplitude data.

N - No. of extracted impulses.
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Shimmer Percent (%) or Shim:

1 N-1 i .
e ali)_p(i+l)
N-1 i=1
Ghifi = Se-raSTere R
1 N
- N A(l)
N i=1
Where, A(i), i=1, 2, .. N -

amplitude data.
N No. of extracted impulses.

Amplitude Perturbation Quotient /%/ - APQ:

1 N-4]1 4 .
— > = 'S ali+r)
N-4 i=1] 5 r=0
APQ = ———— =
1 N .
_ A(1)
N i=1

where, a{1), =1, 2, ...
amplitude data.
N - No. of extracted impulses.

N -

Smoothed Amplitude Perturbation

1 N—Sf+i/ 1. sf-1
N-Sf+1 Eé{ sf r-0
BAP = —-aessess e s
1 N g
o §£: A(1)
N 1=1
Where, A(iJ, i=1, 2; o N =

amplitude data.
N - No. of extracted impulses.

Sf - Smoothing factor.

extracted peak to peak
_A(i+2)]

extracted peak to peak
Quotient (SAPQ) (%):
-A(1+r)_A(1+m)/

extracted peak to peak
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5. Co-efficient of Amplitude Variation (%) vAM:

Where, A(l), i=l, 2, .. N - Extracted peak to pe:
amplitude data.
N - No. of extracted impulses.

Shimer in any given voice is dependent atleast upon
t he nodal frequency |level, the total frequency range and the
SPL relative to each individual voice, Mchel and Wendah
(1971) and Ram g (1980) postulated that shinmer val ues
shoul d increase when subjects are asked to phonate at a

specific intensity and/or as |long as possible.

Kitajim and Gould, (1976) studied the wvocal shinmer
during sustained phonation in normal subjects and patients
with laryngeal polyps. They found the value of vocal shinmer
ranging from0.04 dB to 0.21 dB in nornmals and from 0.08 dB
to 3.23 dB in the case of vocal polyps. Although, sone
overl ap between the two groups was observed they noted that
t he neasured value may be an useful index in screening for
| aryngeal disorder or for diagnosis of such disorders and

differentiation between the two groups.



43

Vowel produced and sex are the two factors affecting
shi mrer values as reported in the literature. Sorensen and
Horii, (1983) reported that nornmal fenale speakers have |ess
shi mrer than norrmal mal e speakers. W/ cox and Horii, (1980)
reported that shimer values are different for different
vowel s. Sorensen and Horii (1983) studied t he vocal
shi mrer during sustained phonation of /a/, [i/ and /[u/
vowels. The results showed that shinmrer values was |owest
for /u/ with 0.19 dB, highest for /a/ wth 0.33 dB and
internediate for /i/ with 0.23 dB. this resut is supported

by Horii (1980).

Several investigators have studied the neasures of
anplitude perturbation in normal and pathological groups.
The proposed neasurenent and their obtained dat a on
anplitude perturbation have been sunmarised in Table-2.
Vanaja (1986), Tharmar (1991) and Suresh (1991) have
reported that as the age increased there was increase in
fluctuations in frequency and intensity of phonation and
this difference was nore marked in females. Nataraja (1986)
has found that speed of fluctuation in fundanental frequency
and extent of fluctuation in intensity paranmeters were

sufficient to differentiate the dysphonics fromthe nornals.
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Li eberman, (1961, 1967) has shown that pathol ogical
voi ces generally have large perturbation factors than nornal
voi ces 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
rel ati ve frequency of occurance of perturbation larger than
0.5 nmsec. Kitajima and Gould (1976) have found that vocal
shimrer is a useful parameter for the differentiation of

normal s and vocal cord polyp groups.

Hi ggi ns and Saxman (1989) investigated within subject
variation of 3 vocal frequency perturbation indices over
mul tiple sessions for 15 female and 5 male young adults
(pitch perturbation quotient and directional perturbation
factor). Co-efficient of variation for pitch perturbation
quotient and directional perturbation factor were considered
indicative of tenporal stability of these nmeasures. Wile
jitter factor and pitch perturbation quotient provided
redundant information about |aryngeal behaviour. Also jitter
factor and pitch perturbation quotient varied considerably
within the individual across sessions, while directiona

perturbation factor was a nore tenporarally stable neasure.
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Venkatesh et al., (1992) reported Jitter Ratio (JR),
Rel ati ve Average Perturbation. 3 point (RAP3), Deviation
fromLinear Trend (DLT), Shinmrer in dB (SHM and Anplitude
Perturbation Quotient (APQ to be nost effective paraneters
in differentiating between normal males, normal fenmales and
dysphonic groups. They added t hat in t he clinica
application, Shimrer in dB is nost effective and can act |ike
a quick screening device and in pitch perturbation mneasures
like Jitter Ratio (JR), relative average perturbation (3
point) and DLT are nost useful in differentiating |aryngea

di sorders.

Sridhara (1986) studied |aryngeal wave forms of young
normal mal es and females. The results are given below in the
Tables a and b.

Tabl e a

Mean Val ues of Jitter (in m sec)

[ al lil [ ul
Mal es 0. 065 0.11 0. 067
Femal es 0.058 0.03 0. 048
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Table b

Mean Val ues in Shinmrer (in dB)

[ al [il [ ul
Mal es 0. 033 0. 066 0.15
Fenal es 0. 07 0. 37 0.44

Chandrashekar (1987) found significant difference in
jitter values in /a/ for males and /i/ and /u/ for fenmales
when conpared with dysphonics. Also, the Shimer val ues were
greater for vocal nodule cases than normals with respect to
both mal e and fenmal e groups. But the values were significant
only for males. On the whole, he f ound significant
difference in jitter and shi mer val ues between normals and

dysphoni cs.

Measur enent of Noi se:

Kitajima (1981) did a study in which he obtained a
guantitative magnitude of the noise in the sustained vowel
/[ ah/ when uttered by speakers wth pathologic voice. The
findings indicated that the noise ratio obtained could be
used as one of the reliable acoustic paraneters of the

hoar se voi ce.
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Yanagi hara (1967) states that in cases with a slight
degree of perceived hoarseness, the noise conponent appears
in the formant region and in severe hoarseness, additiona

noi se over 3KHz can be noti ced.

On sound spectrographic anal ysis Yanagi hara (1967) has
found that the sustained vowels perceived as hoarse has the
foll owi ng characteristics:

1. Noise conponents in the main formants of various

vowel s.
2. High frequency noi se conponent.

3. Loss of high frequency harnoni c conponent.

As the degree of judged hoarseness increases nore
noi se appears and replaces the harnonic structure. He also
devel oped a technique for visually evaluating hoarseness

based on the spectrogram

Emanuel et al., (1979) estimated noise levels in the
spectra of sustained vowels and found a relationship between
the spectral noise level (SNL) and the perceived nmagnitude
of the roughness of the voice. They did not consider the

| evel of harnonic conponent of the spectrum
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Yunmot o, Gould and Baer (1982) developed harnonic to
noise ratio (HN as an obj ective and guantitative
eval uation of the degree of hoarseness. The result showed a
highly significant agreenent between HN calculation and
subj ective evaluation of the spectrograns. HN ratio proved
useful in quantitative assessnent of results of treatnent of
hoar seness. Yunoto et al (1982) and Yunoto (1983) determ ned
HN ratio directly fromthe voice signals. They reported
significant agreenent between the HN ratio and subjective
spectrographi c eval uation, thereby concluding that the HN
ratio would be wuseful in the assessnent of clinica

treatnments for hoarseness.

They have al so discussed the inportance of both the
cycle-to-cycle periodicity and the wave-form wthin one
pitch period for the evaluation of hoarseness. (bjective
evaluation of normals and hoarse voices was perforned
considering that the hoarse voices show a promnent Fo
intensity conpared with harnmonics in the voice spectrum The
relative harnonic intensity (H) obtained from a stable
position of the sustained vowel [a/, Is defined as the
intensity of the second and hi gher harnonics expressed as a

percentage of the total vocal intensity. 95% of the norna
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voi ces exam ned have relative harnmonic intensity larger than
the critical value of 67.2% where as 90% of the hoarse
voi ces have relative harnmonic intensity smaller than the
critical value. The harnonic intensity anal ysi s t hus
provides good discrinmnation between normal and hoarse

VOoi ces.

Kasuya, Ogawa, Mashima and Ebi hara (1986) devised an
adaptive conb filtering nethod operating in the frequency
domain to estinmate noi se conponents froma sustained vowel
phonati on and proposed an acoustic nmeasure of the anpbunt of
noi se in the pathologic voice signal for the purpose of

applying it in the screening of |aryngeal diseases by voice.

Experi nents with voice sanples show that t he
normal i zed noise energy is especially ef fective for
detecting glottic cancer, recurrent nerve paralysis and
vocal nodul es. But 22.6% of patients with glottic-Tl cancer
are incorrectly classified as normal. However, nornalized
noi se energy has been shown effective in discrimnating
glottic T,-T4 cancer. The detectability of other |[|aryngeal
di seases can be inproved by incorporating other neasures

such as jitter and shimer (Kasuya et al., 1984).
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Thus it is seen fromthe review of |literature that
many researchers have carried out studies concerning various

paraneters of voice.

However, there are no such studies relating these
paraneters of voice for both normals and pathol ogical
subj ects concerning the Indian population ie., using MDVP

sof t war e.

This study ains at establishing a relationship between
the various acoustic paraneters of voice. It also ainms at
creating a database as well as normative data so that the
voi ce disorder can be clearly deleniated from the nornal

Voi ce.

It also helps clinically in treating the voi ce
di sorder as it indicates which paranmeter of voice is deviant
fromthe normal and the degree of its deviancy. This wll

further help the clinician to predict the treatment plan.
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METHODOL OGY

“Mul tidimentional analysis of voice disorders”

The purpose of the study was to exani ne t he
rel ati onship between various paraneters of voice and voice
di sorders. It was decided to consider rmaxi mum phonation
duration and the follow ng acoustic paraneters to establish
the normative range of the voice and to differentiate
bet ween normal and abnormal voice using rmultidinmentional
anal ysis of voice program developed and nmarketed by Kay

El enretrics Inc., N.J.

=

Aver age Fundanental Frequency (Fo)
Hi ghest Fundanental Frequency (HFo)
Lowest Fundamental Frequency (LFo)

St andard Devi ati on of Fundanental Freque cy (STD)

2
3
4
5. Phonatory Fundanmental Frequency Range (PFR)
6. Fo Frequency Trenor (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. Co-efficient of Fundanmental Frequency Variation

(vFo)



14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Shi nmer

Shi nmer
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in dB (ShdB)

in Percent (Shim

Anpl i tude Perturbation Quotient (SAPQ

Snoot hed Anplitude Perturbation Quotient

Co-efficient of Anplitude Variation (VAM

Noi se to Harnmonic Ratio (NHR)

Voi ce Turbul ence Index (VTI)

Soft Phonation Index (SPl)

Frequency

Anpl i tude

Degr ee
Degr ee
Degr ee
Nurmber
Nunmber
Nurber

of
of
of
of
of

of

Trenor Intensity Index (FTRI)
Trenor Intensity Index (ATRI)
Voi ce Breaks (DVB)

Sub- Har noni ¢ Conponents ( DSH)
Voi cel ess (DW)

Voi ce Breaks (NvB)

Sub- Har noni ¢ Segnents ( NSH)
Unvoi ced Segnents (NW)

Total Nunmber of Segnents (SEQ

Nunber of Pitch Periods (PER)

Average Pitch Period (To)

Length of Anal ysed Voice Data Sanple (TSam).

Definitions of all the paraneters are given

appendi x

(SAPQ

in

t he
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Subj ect s:

A group of sixty normal subjects which forned the
control group (30 nales and 30 females) in the age range of
seventeen to twenty five years were considered for the
study. The subjects of this group had no apparent speech,

hearing or E.N.T. problem and consi dered nornals.

The second group consisted of dysphonics who visited
the All India Institute of Speech and Hearing, Mysore, wth
the conplaint of voice problemand formed the experinental
group. The following tables show the age w se distribution
of the subjects.

Table 1 : Showi ng agew se distribution of subjec s of the
control and the experinental group

Age Range Mal es Femal es
17-25 Years 30 30
20-60 Years 12 12

Those who had been diagnosed as case of voice
di sorder after the routine O orhinol aryngol ogi cal Speech,
Psychol ogi cal and audi ol ogi cal evaluation were included as

subjects of this group.
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| nstrunent ati on:

st udy:

The following instrunments were used in the present

© © ~N o

a & w0 b e

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

C.S.L. speech interface unit (nodel 4300 B)

486 SX with C S. L.-50 hardware card

MDVP sof t war e

(Itens 3, 4 and 5 were supplied by Kay Elenetrics
Inc., New Jersey).

M crophone (Cardioid, Unidirectional, 33-992 A
Preanplifier

Recor di ng deck (Sonodyne SD-740)

These measurenments were carried out in a sound
treated room of the phoniatrics |aboratory of the

Dept. of Speech Sciences, A l.l.S H

Procedures used to neasure different paraneters:

| . Aerodynam c Par anet er

1. Maxi mum Phonati on Duration (MPD):

Maxi mum phonati on duration has been defined as the

duration for which an individual can sustain phonation after

a deep inhalation. The subject was instructed as foll ows:
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"Take a deep breath and then say /a/ as long as you
can with the voice that you wusually wuse. Please try to

maintain it at a constant |evel".

The procedure was denonstrated. Then the subject
phonated /a/ as long as possible. Using a stop-watch, the
durations of phonation of /a/ was noted. The subject was
askedtorepeat thewhol e-processtw ce. After eachtrail
t he subject was encouraged and instructed to prolong the
phonation further. Thus for each subject three trials were
given for a vowel. The signal was captured directly on a
conputer at a sanpling rate of 50,000 sanples/second. Using
the same procedure phonation of /i/ and /u/ were also
recorded and anal ysed. The phonation which had the Monger
duration of three trials was considered t he maxi mum

phonation duration for that subject for that vowel.

1. Acoustic Paraneter:

For the purpose of automatic extraction of t he
acoustic paraneters using MDVP software it was decided to
use the phonation of vowls /a/, [/i/ and /u/. For this
purpose all the three trials of phonations of vowels fa/,
/il and /u/ which the subject produced to determne the
maxi mum phonati on duration were recorded using the recording
deck (Sonodyne SD-740). The m crophone was kept 4-6 inches

fromthe subject's nouth.
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DATA ACQUISITION & ANALYSIS FLON CHART

ENTER MDUP




BLOCK DIAGRAM:

b e e e e
o ————— +
e + | Speech |  #m-—m——m————- +
(OF---+ Pre amplifier +---+ Interface +---+ PC 486 SX |
mic fm—————————————— + ] Unit [ b ——— +
T m— + f
s e &
| Mnve |
fmm————— +
fmm—————— +
Fmm— e + [ Deck
C}_--+ Pre amplifier +----+ Sonodyne
wie  Fmmmemmm————e———e + | (SD=740)
fmmm—————— +




57

To study the acoustic paraneters during speech a
meani ngf ul kannada sentence wth voiced sounds was used
(/alli/ [lga:di/ /idel/l). The subject was asked to say the
sentence with pause between each trial and it was recorded
using the sane instrumental setup wused for recording the

phonati on.

These voice sanples were analysed with the help of
MDVP software. After the analysis the display and/ or
printout of the results were obtained for each trial of each
vowel for all subjects of both the groups. Further data was
submtted to statistical analysis using NCSS software to
obtain descriptive as well as inferential statistical

i nformati on.
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RESULTS AND DI SCUSSI ON

The objective of the present study were:

1. To establish normative data for the follow ng
paranmeters obtained fromthe analysis of voice of
speech usi ng mul tidi menti onal voi ce program
devel oped by Kay elenetric Inc. , NJ. (MWVP)

Frequency Paraneters:

Aver age fundanental frequency
Aver age pitch period

H ghest fundanental frequency
Lowest fundanental frequency

St andard devi ati on of Fo
Phonatory Fo range in sem tones
Fo trenor frequency (fatr.)
Absol ute jitter

Jitter percent

Rel ative average perturbatin

Pitch perturbation quotient

Snoot hed pitch perturbation quotient

Fundanent al fequency variation

Fo- Trenor intensity index (FTRI)

ntensity paraneters:
Amplitude trenor frequency
Shimer in dB



17.
18.
19.
20.
21.

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
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Shi nmer per cent

Anpl i tude perturbation questient
snoot hed anplitude variation
Peak anplitude variation
Anplitude trenor intensity index
O her paraneters:

Lengt h of anal ysed sanpl e

Noi ce to hornonic ratio

Voi ce turbul ance i ndex

Soft phonati on i ndex

Degree of voice breaks

Degree of sub-hornonics

Degree of voice |ess

Nunber of voice breaks

Nunmber of sub hornoni c segnents
Nunmber of unvoi ced segnents
Tot al nunber of Segnents

Nunmber of pitch peri ods.

2. To find out whet her the values of above nentioned

paraneters for t hree consecutive trails
phonation of /a/,/i/ and /u/ and sentence

gadi ide) differ significantly.

3. To find out whether these paraneters differ

significantly between the phonation of vowels

{i/ and /u/ and sentence.
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4. To identify the highly weighted and efficient
paraneters anong the above nentioned paraneters
whi ch woul d be hel pful to diferentiate normals and

dysphoni cs.

5. The mean, and range of these paraneters for the
phonation of /al/ for both normal males and fenales

and the nom native data as given in the manual are as

given in page 60a.

The data was subjected to statistical analysis (T test)
so as to find out whether there was significant difference
between the three trials of vowels and sentence. The results
of the 'T" Test indicated that there was no significant
di fferences between the trails of /a/, /i/, /ul & sentence

interns of different paraneters.

Aver age Fundanental Frequency(Fo)

Average fundanmental frequency was neasured duri ng
phonation and spontaneous speech production using MVP
software. The nean, SD and range for average Fo for norma
mal es, normal femal es, dysphonic nmales and dysphonic fenal es

are presented in Tables la,b,c, & d & graph 1.



Thus the norns established b*sed on the results of the

paranmeters of MOVP 1s given bel ow *
MORMATI VE THRESHOLD VALUES

60a

pres

ent study

for different

Val ues got 1n the present study for vowel /a/

Parameters As given in Mal es Femal es
MDVP manual Mean Range Mean Range
for vowel /al

Fo 129. 07HZ 100- 173HZ 240. 06HZ 190- 293Hz
To - 7.91 5.779-9.971 4,19 3.415-5.27
il - 133. 17HZ 106-180. 4Hz 250. 9Hz 194- 526HZ
Ho - 123. 42HZ 126Hz- 169Hz 232. 69Hz 183- 290HZ
Sd - 2. 36HZ 0.45-10. 2Hz 2. 08Hz 0.726-6. 642Hz
Pfr - 2.077 1-5 2.077 1-7

sem tones sem tones sem tones sem tones
FFTR - 2. 75Hz 2.726-15. 385 3. 545HZ 1. 05- 14. 286Hz
FAR - 2- 306HZ 1.02-5. 479H7 2.287HZ 0-7.407HZ
Jsam - 2.73Sec  01.568-2.75 2. 75sec 2.725-2.75

SEC SEC

Jita 83.2us 36.169us 9.79-125.527 24.53us 4.619-68. 267us
Jitt 1.04% 0.654% 0.152-2.682% 0. 663% 0.129-2. 466%
Rap 0.68 0.384% 0.75-1.767% 0.398% 0.075-1. 464%
330] 0.84% 0.381% 0.099-1.632 0. 389% 0.078-1. 468
SPPQ 1.02% 0.596 0.191-1.6% 0. 489% 0. 156- 1. 468%
\FO 1.10% 0.939% 0.296- 2. 854% 0. 868% 0. 288-2.602%
SHDB 0.35dB 0. 254dB 0.079-0.502dB 0. 2367dB 0.099-0. 477
SHM 3.81% 3.25% 0.917-32. 309 2.68% 0.008-5.27%
AQ 3.07% 2.24% 0.791-4.343% 1. 905% 0.822- 3. 488%
SAPQ 4.23% 4.09% 1.727-9.121 3.13 1.607-9. 049%
\AVI 8.20% 8.61% 4.079-19.297% 8.79 4.092-22. 243%
NR 0.19 0.137 0.0743-0. 1947 0.113 0. 0646- 0. 1677
VI 0. 061 0.051 0.0209-0.0972 0. 049 0.0153-0. 1194
H 14,12 9.08 2.7394-29. 542 8.54 1.2572-42. 1145
FTR 0.95% 0.338% 0. 058-0. 823 0.281% 0.074-0. 8%
ATR 4,37 3.32% 0.369-13-376% 3.39% 0.79-12.027%
DB 0% 0 0 0 0
H 0% 0.013% 0-1.149 0.078 0-2.195
134 0% 0.076% 0-2.299 0 0
NB 0% 0 0 0 0
NH 0% 0.01 01 0.24 08
NUV 0% 0. 067 02 0 0
G 86. 93 84-87 86. 98 86- 87
AR - 352. 42 274- 475 657. 77 520- 803

* Nornms regarding only vowel /a/ 1s given.

Indicates that the values of these paraneters are not given 1n the manual.
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Table la & graph 1 & T test revealed that there was
significant diference at 0.01 | evel between /a/, vs /i/, [al
vs /u/ and at 0.05 level between /i/ vs sentence and no
significant diference between /a/ vs sentence. /i/Vs /u/ and
/ul vs sentence. (The T valves were /a/ vs /il =-3.29, /[al

vs /u/ =-2.95, /il vs sentence = 2.284).

Table | b and graph 1 and result of T test showed there
was significant difference at 0.01 |evel between /a/ vs [i/
lal vs [ul, [al vs sentence /i/ vs sentence and /u/ vs
sentence and at 0.05 level between /i/ vs /[/u/ (The 't'
scores were /al vs /il=- 4.37 /al vs [ul =-6.93, /[al vs
sentence = 3.48, /i/ vs /ul =2.14, /il vs sentence = 7.768

and /u/ vs sentence = (0.682).

| nspection of the tables I (c¢) and (d) and T test
results revealed that there was no significant difference
between /a/ vs /i/, /al vs /ul lal vs sentence, /i/ vs [ul

/i/ vs sentence and / u/ vs sentence.

The fenal e subject had significantly higher fundanental

frequency than nal es.

Fundanental frequency in phnation of vowel by /a/ adult
nmal es and femal es (Indian popul ation) as reported by various

I nvesti gati ons.
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TABLE 1 (a): Show ng nmean, standard devi ati on and range
for normal nmales for the parameter average Fo.

VONELS
AND MEAN S D RANCE
SENTENCE
| al 129. 07 18. 05 100 - 173
[l 140. 22 26. 48 109 - 279
[ ul 139. 2 27.18 110 - 240
sentence| 132.4 18. 49 100 - 179

TABLE 1 (b): Showi ng nean, standard devi ation and range
for normal females for the paraneter average Fo.

VONELS
AND MEAN SD RANGE
SENTENCE
[ al 240. 06 20. 25 190 - 293
[il 254. 21 23. 09 196 - 292
[ ul 261. 21 20. 67 213 - 302
sentence| 229.9 18. 47 187 - 260




61b

TABLE | (c): Show ng nean, standard devi ation and range
for dysphonic males for the paraneter average Fo.

VOVELS
AND MEAN S. D RANGE
SENTENCE
[al 144.7 42. 4 87 - 264
lil 149. 96 50. 19 85 - 313
[ul 155. 63 48. 64 91 - 308
sentence | 148.9 36. 66 93 - 257

TABLE 1 (d): Show ng nean, standard devi ation and range
for dysphonic females for the paraneter average Fo.

VONELS
AND MEAN S. D RANGE
SENTENCE
/ al 210.9 45. 29 90 - 286
lil 230. 3 53.22 110 - 376
[ ul 226. 66 46. 69 113 - 307
sentence| 218.2 41. 2 111 - 281




6lc

AVERAGE FUNDAMENTAL FREQUENCY
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| nvestigators Mal es Fenal es
Sheel a (1974) 126 217
Jayaram (1975) 123 225
Nat araj and Jagadeesh (1984) 141 237
Vanaj a (1986) 127 234
Nat araj a (1986) 119 223
Present Study 129 240
The fundanental frequency in phonation for Indian
popul ation as reported by other investigators also lie

within this range. (Jayaram 1975; Nataraja nad Jagadeesh
1974; Vanaja 1986; Shela 1974).

A conparison of fundanental frequency in speaking used
by males and femalas showed a statistically significant
di ference between the two groups, females wusing a nuch

hi gher fundanental frequency which was as expected.

In the present study taking into consideration the nean
values and 'T" test values of fundanental frequency for the
phonation of different vowels and sentence it was found that
the Fo for (a) and sentence were |ower when conpared to /i/
and /u/ in the case of normal nmal es. However in the case of
normal femal es the order of increase in the nmean fundanental
frequency val ues were sentence (229.94) /[al (240.1), [il
(254.2) and /u/ (261.2).
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The above results can be discussed as foll ows:

Vowel /i/and/u/ are high vowels and the Larynx is
pushed upwards resulting in the increase in distance between
the thyroid angle and arytenoid cartilage thereby stretching
the vocal cords. This results in increase in tension (as
mass s constant) Jleading to increased frequency of

vi bration of vocal folds & therefore Fo increases.

Vowel /alis a low md vowel and the level of larynx is
| oner when conpared to the level of Jlarynx during the
phonation of /i/ & /ul which results in decreased distance
between thyroid angle and arytenoid cartilage and hence
vocal folds are relaxed leading to a reduced frequency of
vi bration of vocal folds thus decreasing the fundanenta

frequency.

As the speech sanple consist of both high & ow vowels
thereby the resultant average fundanental cannot be conpared

to the phonation of individual vowels.

Average pitch period (TO
The nean, SD & range are presented for all thefour
groups nor mal nal es &f emal es, dysphoni c mal es andf enal es

in tables Il a, b, ¢ &d and graph 2 respectively.



64

In normal males, fromtable Il a & graph 2 (NV) and
from T test results it was evident that there was
significant difference at 0.01 |level between/a/ vs/il, [al
vs /u/ [i/ vs sentence and /u/ vs sentence & no significant
di fference between /a/vs sentence &i/ vs /u/. (T values
were /al vs/il/= 3.375, /alvs /ul =3.99, /i/ vs sentence = -

2.5 & /u/vs sentence = -3.09)

Table Il b, & graph 2 (nf) and stastistical analysis
reveal ed that there was significant difference at 0.01 |evel
between /a/ vs /il , [al vs/ul, [al vs sentence, /i/ vs
sentence & /u/ vs sentence & at 0.05 | evel between /i/vs/ul/
(The t scores being /a/ vs/il- 4.1, /a/lvs /ul 6.69, [al vs
sentence = - 4.09 and /i/ vs /u/ = 219 and /i/ vs sentence

= 8.13 & /u/vs sentence = -11.08)

I n dysphonic nales & fenales (tablellcand d and graph
Il (dm& df) 'T test results showed that there wsa no
significant diference between /a/ vs/i/, /al vs /ul, [al vs

sentence, /i/ vs/ul/, /i/vs sentence &/ u/ vs sentence

Wil e the conparision of the nmean values and T' test of
average pitch period for the phonation of diferent values &

sentence, it was found that the To for /a/ and sentence were
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TABLE Il (a): Show ng nean, standard devi ati on and range
for normal nmales for the paraneter average pitch peri od.
VONELS
AND MEAN S. D RANGE
SENTENCE
[ al 7.91 1. 062 5.779 - 9. 971
lil 7.35 1.138 3.580 - 9. 203
[ u/ 7.26 1.09 4.908 - 9. 374
sentence| 7.76 1. 064 5.693 - 10.065
TABLE Il (b): Show ng nean, standard deviation and range
for normal fermales for the paraneter average pitch period
VOWNELS
AND VEAN S. D RANGE
SENTENCE
[ al 4.19 0. 366 3.415 - 5.27
lil 3.97 0. 377 3.426 - 5.092
[ ul 3.86 0. 318 3.316 - 4.707
sentence| 4.42 0. 364 3.878 - 5.381




TABLE | |
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TABLE ||

range

(c): Show ng nean, standard deviation and
for dysphonic nmales for the paraneter average pitch period.
VOVNELS
AND MEAN ) RANGE
SENTENCE
/ al 7.55 1.92 3.974 - 11.605
lil 7.37 2. 009 3.219 - 11.733
[ ul 7.05 1.89 3.251 - 10.954
sentence | 7.27 1.65 3.927 - 10.843
(d): Show ng nean, standard devi ation and range for
dysphonic fermales for the paranmeter average pitch Period.
VOVNELS
AND MEAN S. D RANGE
SENTENCE
/al 5.09 1.71 3.495 - 11.152
lil 4. 66 1. 466 2.658 - 9.196
/ul 4.71 1.36 3.260 - 8.852
sentence | 4.985 1.25 3.607 - 9. 069
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hi gher when conpared to /i/ and /u/in case of normal nales
which indicates that /a/ and sentence have |lower Fo when
conpared to /i/ & /u/ as discussed previously. However in
the case of normal fenmales the order of increase in the nean
to values were sentence (4.42), /al (4.19), [il (3.97) &
lul (3.86).

The results of this paraneter can be discussed as
follows: The average pitch period (TO is nore for |ow
levels /a/ & less for high vowels [/i/ & u/] this is due to
the negative correlation of To which the frequency of
vibration of vocal folds. Wen the frequency of vibration
of vocal folds increases, as in the case of high vowel /i/ &
/ul, the To decreases and for the low vowels /a/ the
frequency of vibration is reduced and hance an increase in
To is seen (The reason for the increase & decrease in the
frequency of vibration of vocal folds for high & low vowels

has been di scussed earlier).

H ghest fundanental Frequency (HFO

The hi ghest fundanental frequency during phonation and
sentence production for normal male and female groups and
di sphonic male and femal e groups are presented in the tables

I1la, Illb, Illc, & Ill1d, respectively.
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Table Il a and graph 3 (nm & results af T test
reveal ed that here was significant difference at 0.01 |eve
between the vowels /a/ vs/u/, /al vs/ul, /alvs sentence, /i /
vs sentence and /u/ vs sentence, but there was no
significant difference between vowels /i/ vs /[u/. the T
scores for the group which proved to have significance
difference were /al vs /il =3.778, [alvs/ul =3.995, /al vs
sentence -9.457, /i/ vs sentence= - 4.8 & /u/vs sentence

-4.97.

Table 11l b and graph 3 (nf) and statistical analysis
reveal ed that there was significant difference at 0.01 |eve
between /a/ vs/i/ (Tscore =-3.644) /al vs/ sentence (-7.69),
/1] vs sentence(-4.8) and /u/ vs sentence (-4.16) There was
no significant difference between /a/ vs/u/ & /il vs [ul.

Table I'llc & graph (dn) and results of T test
showed that there was no significant difference between /a/
vs/i/, il vs [lul, [lal vs sentence. /[i/vs/ul , [ilvs

sentence and /u/vs sentence.

Table 11l d and Gaph 3 (df) & T test showed that |ike
dysphonic nales, fenales also showed no significant
difference in highest fundanental frequency between /a/

vs/il, lal wvs/ul, [il wvsl/u/l, [il/vs sentence and /u/vs
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TABLE I'Il (a): Show ng nean, standard devi ation and
range for normal nales for the paraneter highest Fo.
VONELS
SENTENGE| VAN S.D RANGE
/al 133. 17 19. 52 160 - 180
lil 146. 55 26. 36 113 - 283
[ ul 146. 74 25. 65 109 - 214
sentence| 166. 14 26.7 116 - 256
TABLE Il (b): Show ng nean, standard devi ation and
range for normal females for the paraneter highest Fo.
VONELS
SEAN¥ENCE VEAN =D RANGE
/ al 250. 9 36. 83 194 - 526
Il 268. 89 28.94 207 - 367
[ ul 273.73 22.013 222 - 314
sentence| 391.41 33. 84 218 - 400
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Fo

TABLE 111 (c): Showi ng mean, standard devi ation and
range for dysphonic males for the paraneter highest
VOWELS
AND VEAN S.D RANGE
SENTENCE
/ al 188. 92 97. 13 102 - 478
Il 180. 99 101. 37 76 - 550
/ul 181. 49 69. 74 97 - 372
sentence| 200.03 54. 99 109-- 346
TABLE IIl (d): Show ng nean, standard deviation and range
for dysphonic fermales for the paranmeter highest Fo.
VONELS
AND MEAN S. D RANGE
SENTENCE
/ al 233.5 57.9 91 - 377
Il 254. 48 60. 98 128 - 431
/ul 253. 89 52.98 121 - 365
sentence| 278.91 65. 43 149 - 393
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HIGHEST FUNDAMENTAL FREQUENCY
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sentence except for /al vs sentence whi ch  showed

significant diference at .01 level T values being -3.12.

When conparing the nmean values and 'T° test values of
"highest Fo" for the phonation of different vowels and
sentence, it was found that the highest Fo of /a/ was the
| owest when conpared to /i/ & /ul/ and sentence was the
hi ghest when conmpared to /i/ & /u/ in the case of both

nornmal mal es and femal es.

In the cases of by dysphonic nales and fenal es the nean
val ues of "H ghest Fo" for the sentence was highest when

conpared to the nean values of /a/, /il &/ul.

Lowest fundanmental frequency (LFO

Table IVa and graph 4 (nnm) and 'T  test results
reveal ed that there was significant difference at 0.01 |eve
between /a/ vs /i/, lal vs /ul, [al vs sentence, /il vs
sentence and /u/ vs sentence. (The 'T values were /al vs
/il =-3.038, /al vs /ul =-2.799, /alvs, sentence =7.7, i/
vs sentence =10.24 & /u/ vs sentence = 9.35 there was no

significant difference between/i/ vs /ul).

Table 1V b and graph 4 (nf) and application of '"T test

showed that there was significant difference at 0.01 |eve



TABLE |V (a):

Showi ng nean,

st andard devi ati on and

Fo.

range for nornal nmales for the paraneter |owest Fo.
VONELS
AND RANGE
SENTENCE \eAN S.D
/al 123. 42 21. 85 126 - 169
Il 134. 31 26. 03 105 - 275
/u/ 134. 17 29. 13 177 - 194
sentence | 101. 94 14. 87 75 - 137
TABLE IV (b): Showi ng nean, standard devi ation and
range for normal females for the paraneter | owest
VOWELS
AND MVEAN S. D RANGE
SENTENCE
/ al 232.69 20. 69 182 - 290
lil 242.73 24.91 187 - 286
/u/ 249.51 21.13 202 - 290
sentence| 173.27 18. 45 126 - 218
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TABLE IV (c): Showi ng nmean, standard devi ation and range
for dysphonic nales for the paraneter |owest Fo.

VONELS
AND VEAN S. D RANGE
SENTENCE
[ al 113. 03 30. 14 66 - 176
[i] 122. 99 40. 67 67 - 232
[ u/ 128. 76 40. 28 68 - 263
sentence| 101.5 22. 86 66 - 161

TABLE IV (d): Showi ng nean, standard devi ation and range
for dysphonic fermales for the paraneter |owest Fo.

VOWNELS
AND VEAN S. D RANGE
SENTENCE
[ al 188. 53 42. 45 88 - 261
[l 206.1 55. 88 67 - 344
[ul 203. 71 51. 97 67 - 288
sentence| 148.05 32.67 72 - 201
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between /a/ vs/i/, /al vs /ul, [al vs sentence /i/ vs/ul
sentence and /u/ vs sentence & at 0.05 level between /i/ vs
ful . (T scores were /a/ vs/il =-2.94 [alvs/ul =5.4[al vs
sentence = 20.33; /i/ vs/ul =1.97 /il vs/sentence 21.26 &

/ul vs sentence = 25.78).

Table IV ¢ and graph 4 (dm) revealed that tere was
significant diference at 0.05 level /a/ vs [/u/l betweem
sentence and at 0.01 |evel between /i/ vs sentence & /u/ vs
sentence but no significance different between /a/ vs /i/, &
/1] vs/ul The T test also confirmed these results the (T
scores were /a vs/ul/ = -2.298, /al vs sentence = 2.24 [ul vs

sentence = 3.37 and /i/ vs sentence =3. 38).

It was evident the table IV d and graph 4 (df) and T
test that there was significant diference at 0,01 |[evel
between /a/ vs sentence /i/ vs sentence and /u/ vs sentence.
There was no significant difference between /a/ vs , i/ [a
vs/ u/ and /i/ vs /ul/. (T values of /al/ vs sentence 4.53

/il vs sentence = 5.38 and /u/ vs sentence = 5.44)

In the present study, while conparing the nean val ues &
't' values of lowest Fo for the phonation of different

vowel s and sentence it was found that the nean of the | owest
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Fo of /a/ was |ower when conpared to /i/ & /u/ and the mean
of the"l owest Fo" was | ower when conpared to /a/, /il & [ul
in the case of normal males. However in the case of norma
femal es, the order of increase in the nean |lowest Fo were
lal (232.69), /il (242.73, /ul/ 249.51) and sentence (173.27)

However in the cases of dysphonic males and fenmales the
mean val ue of "lowest Fo"of sentence is |owest when conpared

to/al, il &ul

Standard Deviatio of Fo. (STD)

It was evident fro the table V a and graph 5 (NM and
the results of 'T" test that there was no significance
di ference between the the vowels and between vowels &
sentence at 0.05 level in normal males. For normal males the
table Vb & Gaph 5 (nf) and the results of the 'r' test
showed that there was significant difference between the
vowel s & between vowels & sentence. In the case of dysphonic
ales and females, there was significant difference between

normal and sentence.

VWil e conmparing the nean values and 't' values of SID
for phonation of diferent vowels & sentence it was found
that there was no relationship between STD and the different

sanpl es used (i.e. phonation of /a/, /i/ & /u/ and sentence)



69a

TABLE V (a): Show ng nean, standard deviation and range for
normal nmales for the paraneter standard deviation of Fo.

VONELS

AND VEAN S D RANGE
SENTENCE it

[ al 2.36 10.64 0.45 - 102

[il 1.74 0. 78 0.603 - 4.161

[ ul 1.49 0. 59 0.776 - 3.513
sentence| 1.25 1. 07 0.616 - 10. 207

TABLE V (b): Showi ng nean, standard deviation and range for
normal fenales for the paraneter standard devi ation of Fo.

VONEL S

cENTENCE | MEAN S.D. RANGE
/al 2.08 0.99 0.726 - 6.642
[il 2. 549 1. 525 0.921 - 7.754
[ ul 2.92 1.05 1.185 - 5.426

sentence| 21.855 5. 058 9.33 - 33.587
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TABLE V (c): Show ng nean, standard devi ation and range for
dysphonic nales for the paraneter standard deviation of Fo.

VOAELS
AND VEAN S. D RANGE
SENTENCE
[ al 13.95 2. 703 1 - 150.004
[il 13.99 3. 382 0.887 - 190.28
[ ul 8.12 1.188 0.756 -51.0
sentence| 22.88 1.918 0.77 - 113.564

TABLE V (d): Showi ng nean, standard deviation and range for
dysphonic females for the paraneter standard deviation of Fo.

VONELS
AND MEAN S. D RANCGE
SENTENCE
[ al 5.94 9. 68 0. 458 -- 60. 367
[il 4. 55 2. 83 1.025 -- 11.86
[ul 6. %4 10.3 1.17 -- 65.11
sentence| 23.92 11.26 8.74 -- 66.2
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in case of normal males. In the case of normal females the
mean val ues increase in the order of /a/ (2.08), /il (2.549)

[ul (2.92) & sentence (21.855)

In the cases of dysphonic males & fermales the nean
val ue of STD was higher for sentence when conpared to /al/,

lil &/lul

Phonatory FO range (PFR)
Phonatory Fo range is defined as the range between Fhi

and FLo expressed in nunber of sem tones.

The inspection of table VI a and graph 6 (nn) and t’'
Test revealed that there was significant difference at 0.01
| evel between /a/ vs/il, [al vs sentence, /i/ vs /ul, [i/] vs
sentence and /u/ vs sentence and there was no significant
di ference between /a/ vs /u/. (T scores were /al/ vs [il =-
3.525, /al vs/ sentence =-27.69, /il vs /ul =2.68, [il vs

sentence =-26.35 and /u/ vs sentence =-27.72).

It was evident fromthe table VI b & graph 6 (nf) &
result of stastistical analysis that there was significance
difference at 0.01 |evel between /a/ vs /i/, [lalvs/ul, [alvs

sentence, /i/ vs sentence and /u/ vs sentence and there was
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TABLEVI (a): Show ng mean, standard devi ati on and range
For normal mal es for the paraneter phonatory Fo range.
VONELS
AND MVEAN S.D RANGE
SENTENCE
la/ 2.077 0. 837 1-5
lil 2.5 0. 768 1- 4
[ ul 2. 215 0. 66 1- 4.348
sentence| 9.51 2.40 5- 21
TABLE VI (b): Showi ng nean, standard devi ati on and range
for normal fenmales for the paraneter phonatory Fo range.
VOWELS
AND MVEAN S. D RANGE
SENTENCE
/ al 2.077 0.974 1- 7
lil 2.75 1.51 1- 10
[ ul 2.67 0. 845 1- 7
sentence| 10.1 1.877 5- 15
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TABLE VI (c): Show ng nean, standard deviation and range
for dysphonic males for the paranmeter phonatory Fo range.

VONELS
AND MEAN S. D RANGE
SENTENCE
[ al 8. 33 7.73 1 - 33
il 7.185 8. 003 1- 35
[ul 7.79 11. 25 1- 76
sentence| 12.537 4. 57 7 - 28

TABLE VI (d): Showi ng mean, standard deviation and range
for dysphonic females for the paraneter phonatory Fo range.

VONAELS

AND VEAN S. D. RANGE
SENTENCE

[ al 4. 69 3. 37 1- 18

il 4.27 1.98 1-9

[ ul 4.722 2.68 2 - 16
sentence| 12 3.54 6 - 22
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no significant difference between /i/ vs /u/. (T values were
lal vs /il =-3.56, /al vs /ul =-4.4, [al vs sentence=10.1,

/il vs sentence = -28.85 and /u/ vs sentence =-34.05).

Table VI ¢ and graph 6 (dm) & results of 'T  test
revealed that unlike normal males & females, there was
significant difference at 0.01 level only between /a/ vs
sentence, /i/ vs sentence & /u/ vs sentence and there was no
significant difference between /a/vs/i/, [alvs/iul & [il vs
ful. (T values were /a/ vs sentence =-3.44; /i/ vs sentence
=-4.27 and /u/ vs sentece =-2.87). The inspection of Table
VI d & graph 6 (df) showed the simlar result as that of
dysphonic males (table VI c¢c) i.e. there was significant
difference at 0.01 |evel between /a/ vs sentence =-8.97, /il

Vs sentence =-11.43 & /u/ vs sentence=-9.84).

In the present study, taking into consideration the
mean values & 'T values of phonation frequency range for
t he phonation of different vowels and sentence it was found
that the mean PFR value for sentence was highest when
conpared to /a/, /u/& i/ and /al & /ul were lower than /i/ &
sentence in the case of normal mal es, however, in the case
of normal fenmales the nmean PFR val ue was hi gher for sentence

than /i/, /ul/ & /al while nean value of /a/ was |lower than



72

[i/] & /ul. In the cases of dysphonic nales & fenales the
nmean PFR val ues of sentence was higher than /a/,/i/ & ul But
in the dysphonic nmales & fenmales the nean PFR values of
phonation of vowels /a/, /i/ & /ul/l were higher than that of
normal mal es & feral es respectively.

The above results can be di scusses as foll ows:

It was observed that the mean PFR value for sentence
was hi gher for phonation of vowels /a/, /i/ & /ul in all the
four groups (normal mal es, normal fenales, dysphonic nales &
dysphonic femes) This could be due to the inflections used
during the production of sentence, use of different speech
sounds having different vocal tract configuration which
would indirectly affect the fundanmental frequncy of the
voi ce & hence the range of Fo is higher for sentence than

for phonation of vowels /a/, /il & /ul.

It was seen that the nean values of PFR for vowels in
dysphonic nales & females were higher than in normal nales &
femal es which could be attributed to the inablity of the
dyphonics to nmaintain a constant pitch during sustained

phonat i on.

Fo trenor frequency (FFTR) is the frequency of the nost

intensive low frequency Fo nodulating conponant in the
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specified Fo- trenor analysis range. The i nspection of
Tables VII a & graph 7 (nm and results of t' test should
that there was no significant difference between vowels and

sent ence.

Table VI b graph 7 & T'test revealed that there was no
significant difference between /a/ vs/i/, [alvs/ul, [al vs
sentence, /i/vs/ul/, /il vs/ul, /il vs sentence & /ul/ vs

sent ence.

It was evident fromthe Tables VII c& and graph 7 (dm
& (df) & results of T'test that there was no significant
di fference between the vowels and the sentence for both

Dysphonic nmal es & femal es.

In this study while conparing the nean values & 'T
values of Fo trenor frequency for the phonation of different
vowel s and sentence it was found that there was no effect of
using different sanples (phonation of /a/ ,/i/ & /ul/ and
sentence) on the values of FFTR in the cases of normal nales

normal femal es dysphonic mal es & dysphonic females.

As seen fromthe definition the paranmeters Fo trenor
frequency( FFTR), anplitude trenor frequency (Fatr),

Frequency trenor intensity index (ATRI) are interrelated.
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TABLE VIl (a): Show ng nean, standard deviation and range
for normal nmales for the paranmeter Fo trenor frequency.

VOVELS
AND VEAN S. D RANGE
SENTENCE
[al 2.75 2.726 1.023 - 15.385
lil 2. 86 3.39 1.005 - 22.222
[ ul 4. 337 9.201 1.01 - 82.817
sentence| 5.399 3.06 1.581 - 10. 256

TABLE VI (b): Show ng nean, standard deviation and range
for nornmal fenmales for the paraneter Fo trenor frequency.

VOVELS

AND VEAN S. D RANGE
SENTENCE

[al 3. 545 2. 244 1.05 - 14. 286

lil 3.12 3. 597 1 - 20

[ ul 3. 127 3.092 1.015 - 19.048
sentence | 5.665 2.502 1.46 - 14.286
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TABLE VI1 (c): Showi ng nean, standard devi ati on and range
for dysphonic nmales for the paranmeter Fo trenor frequency.

VONELS
AND MEAN S. D RANGE
SENTENCE
/ al 4. 03 4. 295 1.015 - 19.048
[l 5.41 5.24 1.013 - 21.053
[ul 5. 64 6.172 1.018 - 22.222
sentence| 5.75 3.34 1.626 - 19.048

TABLEMVII (d): Showi ng nean, standard deviation and range for
dysphoni ¢ fermales for the paraneter Fo trenor frequency.

VONELS
AND MEAN S D RANCGE
SENTENCE
/al 2.71 1.39 1.039 - 6.154
[l 4,02 4. 997 1.01 - 23.529
[ ul 4., 238 4. 415 1.028 - 19.048
sentence| 5.284 2.544 1.669 - 15.385
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Hence the results of all these paraneter are discussed
together. In all these paraneter as seen fromtable, VII a.
b.c &d; VIIl a. b. C&d; XIVa. b. ¢c &d; XXVa. b. ¢ &d;
The mean values of sentence were higher for all the groups
(normal males, Normals femal es, dysphonic males & dysphonic
femal es). This is due to the inflections wused during the
production of sentence, use of different speech sounds
having different vocal tract configuration whi ch woul d

indirectly affect the frequency & intensity of the voice.

It was also seen that the nean values of all these
paraneters for dysphonic males and females for the vowels
and sentence were higher than for normal males and fenales
which could be attributed to the inability of the dysphonics
to maintain a constant pitch & intensity in both phonation &

sent ence.

Amplitude trenor frequency (FATR)
It is defined as the frequency of the npst intensive
| owfrequency anplitude nmodul ati ng conmponent in t he

speci fied anplitude trenor analysis range.

The nean, standard deviation & range of the anplitude
trenor frequency for the four groups i.e. nornal nales,
normal females, dysphonic nales & dysphonic females are

presented in the table VIIl a, b, ¢, &d and in graph 8.
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| nspection of the table VIIla &results of T test reveal ed
that in normal nales there was significant difference at
0.05 level between /a/ vs/u/ and at 0.01 level between /al
vs sentence & /u/ vs sentence There was no significant
di fference between /a/ vs/i/ & /il vs/ul (The T values were
/al vs sentence, /al vs /ul/ =- 2.07 /il vs sentence =-6046

/u/ vs sentence = 3.96.

In normal females (table VIII b graph 8 (nf) there was
significant difference at 0.01 l|evel between / al VS
sentence, /i/ vs sentence & /u/ vs sentence and there was no
significant difference between the vowels /a/, /i/, and [/u/
( T values were /al/ vs sentence =-6.68; /[i/ vs sentence

=-3.607, /ul/vs sentence =-3.78).

I n dysphonic males (table VIII ¢ and graph 8 (dn) there
was significant difference between /i/ vs [u/ but no
significant difference between /a/ vs /il lal vs [ul; [al vs
sentence, /i/ vs sentence and /u/ vs sentence (T values was

[il vs [lul= 2.88).

In dysphonic nales (tables VIII d and Gaph 8 (df)
there was no significant difference between vowels and

sent ence.
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Showi ng nean,

standard devi ati on and
mal es for the parameter anplitude

VOVELS

AND VEAN S. D RANGE
SENTENCE
/al 2. 306 1.226 1.02 - 5.479
[il 2. 338 1.444 1 - 7.547
[ ul 2.83 1. 828 1.044 - 11.111
sentence| 3.96 1.7 1.581 - 11.111
TABLE VI (b): Show ng nean, standard devi ation and

range for norna
trenor frequency.

females for the paraneter anplitude

VOWNELS
AND VEAN S. D RANGE
SENTENCE
[al 2.287 1.411 0 - 7.407
[l 2.544 2. 705 1.02 - 22.222
[ul 2.627 2. 342 1.034 - 12.903
sentence 3.869 1. 495 1.389 - 9.091
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TABLE VI1I1 (c): Show ng nean, standard devi ation and
range for dysphonic males for the paraneter anplitude
trenmor frequency.

VONELS
AND VEAN S. D RANGE
SENTENCE
[ al 3. 697 2. 879 1.044 - 12.903
lil 4. 955 3.842 1.058 - 15.385
[ul 3.933 1.908 1.01 - 8.163
sentence| 3.786 1.922 1.732 - 11.765

TABLE VII1I (d): Show ng nean, standard deviation and
range for dysphonic fenmales for the parameter anplitude
trenmor frequency.

VOVELS
AND VEAN S. D RANGE
SENTENCE
[al 3.042 1. 665 1.039 - 7.018
[/ 3. 367 2.38 1.023 - 8.889
[ ul 3.711 3.39 1.036 - 15.385
sentence| 3.262 1. 606 1.762 - 8.889
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Wiile conparing the nmean values & 'T  val ues of
anplitude trenmor frequency for the phonation of different
vowel s and sentence it was found that mean FATR values of
sentence was hi ghest when conpared to the nean values of

fal, il &/ul in normal nmales and feml es.

In the cases of dysphonics nales & females it was found
that there was no effect of using different sanpl es

(phonation of /a/, /il &/ul & sentence), on FATR val ues.

The results of this parameter has been discussed under

t he paraneter FFTR

T sam
Lengt h of anal ysed voice sanple data). The nmean, SD and
range of T samare presented in the tables IXa, b, ¢ & d &

graph 9.

| nspections of the the table IXa, b, ¢, & d and G aph
9 & the results of the 'T" test indicated that there was
significant difference between the vowels & sentence wth
the T' values ranging between 10.5 to 11.8 in the cases of
normal mal es, normal females , dysphonic males & dysphonic

f emal es.
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TABLE | X (a): Show ng mean, standard devi ation and
range for normal males for the paraneter |ength of
anal ysed voi ce data sanpl e.
VOWELS
AND VEAN S. D. RANGE
SENTENCE
/al 2.75 0. 009 2.679 - 2.75
lil 2.75 0. 008 2.689 - 2.75
/ul 2.75 0. 0049 2.704 - 2.75
sentence| 2.38 0. 298 1.626 - 2.75
TABLE I X (b): Showi ng nean, standard devi ati on and
range for normal females for the paranmeter |ength of
anal ysed voi ce data sanpl e.
VOWELS
AND VEAN S. D. RANGE
SENTENCE
/ al 2.75 0. 003 2.725 - 2.75
lil 2.74 0.13 1.544 - 2.75
[ ul 2.75 0. 0039 2.714 - 2.75
sentence | 2.29 0. 38 1.212 - 2.75
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TABLE I X (c): Showi ng mean, standard devi ation and range
for dysphonic males for the paraneter |ength of anal ysed
voi ce data sanpl e.

VONAELS
AND VEAN S. D. RANGE
SENTENCE
[al 2.73 0.161 1.568 - 2.75
[il 2.71 0. 183 1.842 - 2.75
[ul 2.75 0. 006 2.702 - 2.75
sentence| 1.99 0. 461 1.342 - 2.75

TABLE | X (d): Showi ng nean, standard devi ation and range
for dysphonic females for the paraneter |ength of
anal ysed voi ce data sanpl e.

VONELS
AND VEAN S. D. RANGCE
SENTENCE
[ al 2.72 0. 128 2.018 - 2.75
[il 2. 74 0. 058 2.402 - 2.75
[ u/ 2.75 0 2.75 - 2.75
sentence| 2.17 0. 495 1.183 - 2.75
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The above results can be di scussed as follows:

The maxi mum |l ength of the sanple which can be captured
on the screen using MDVP software is 2.75 tecs. During
phonation if there is no voice breaks in between then a ful
screen of signal (i. e. 2.75 Secs of signal) is captured on
the screen,where as, in speech owing to voice breaks, rate
of speech which varies fromindividual to individual and the
length of the sentence whi ch was only trisyllabic
(/alli/gadi/idel/), the sanmples never occured for the ful

screen (i.e. for 2.75 secs.)

Absol ute Jitter:(Jita)
It is an evaluation of the period to period variability

of the pitch period within the avalyzed voice sanple.

The observation of Table X a & graph 10 (nn) & T' test
results revealed that in normal males there was significant
difference at 0.01 |evel between /a/ vs /u/, [al vs sentence
il vs lul, [il vs sentence and /u/ vs sentence. There was
no significant diference between /a/ vs /i/. (The T score
were /al vs /ul =- 4.048, [al vs sentence =-31.33, /il
vs/ul/=-4.47, [i/ vs sentence =-31.61 and /u/ vs sentence

=-29. 01.
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Table X b and graph 10 (nf) & the results of T  test
reveal ed that there was significant difference at 0.01 |evel
between /a/ vs/u/, /al vs sentence, /i/ vs sentence & /u/ vs
sentence and there was no significant differenc between /a/
vs /il and /i/ vs /ul/. (The T values were /a/ vs /ul -4.6,
/al vs sentence =-33.26, /i/ vs sentence =-24.51 and /u/ vs

sentence =-27.95.

The inspection of Table Xc and graph 0O (dm and
statistical analysis revealed that there was significant
difference at 0.01 Ilevel between /a/ vs ‘'u/, [al vs
sentence, /i/ vs/ul/l, /il vs sentence and /u/ v; sentence &
there was no significant diference between /a/ vs /il (T
scores were /alvs/u/= 3.103, /al vs sentence =-3.05 /i/ vs
lul = 2. 377, lil Vs sentence =-5.34 and /ulvs

sent ence=-8. 58).

It was evident fromthe table X d and graph 10 (df) &
T test results that there was significant dLfference at
0.01 level between /al/ vs sentence, /i/ vs sentence & /u/ vs
sentence & no significance diffeerent between /a/ vs/i/ [al
vs /u/ and /i/ vs /u/. (The T' values were /a/ vs/ Sentence

=- 8.15, /i/ vs sentence =-9.48 & /u/ vs senterce =-9. 32).
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TABLE X (a): Showi ng nean, standard deviation and range
for normal males for the paraneter absolute jitter.

VONELS
AND MEAN S D RANGE
SENTENCE
[al 36. 169 20. 907 9.799 - | 125. 527
[il 34. 983 20. 425 8.857 - | 99. 941
[ ul 49. 343 22. 66 11.101.- | 90. 838
sentence| 238.67 57.62 130. 897 - 410. 35

TABLE X (b): Show ng mean, standard deviation and range
for normal females for the paraneter absolute jitter.

VONELS
AND VEAN S. D. RANGE
SENTENCE
[al 24.53 13. 66 4.619 - 68. 267
[il 30. 97 32.69 2.75 - 138.501
[ul 36. 415 20. 199 4.772 - 89. 348
sentence| 152.68 33.9 75.02 - 246.118
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TABLE X (c): Show ng nean, standard devi ati on and range
for dysphonic males for the paranmeter absolute jitter.
VONELS
AND MEAN S. D RANGE
SENTENCE
lal 245. 843 225. 48 43.804 - 1037.767
lil 200. 455 151. 66 28.997 - 657. 222
lul 142. 05 97. 94 29.845 - 527.131
sentence| 360.204 158. 995 184.075 - 966. 717
TABLE X (d): Showi ng nean, standard devi ation and range
for dysphonic females for the paraneter absolute jitter.
VONELS
AND VEAN S. D RANGE
SENTENCE
lal 79. 423 58. 351 10.06 - 259.827
lil 67. 355 52. 354 8.679 - 187.487
lul 79. 5213 41. 952 15.569 - 197.815
sentence | 192.87 59. 748 107.32 - 368.767
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Conparision of the nean values & T  test values of
absolute jitter for the phonation of diffferent vowels and
sentence indicated that the nmean absolute jitter value of
lal & /i/ were lower then /u/ & sentence and the nean
absolute jitter values of sentence was highest when conpared
to/al /i/ and /u/ in the case of normal males. However in
normal fenmales the nean absolute jitter value of /a/ was
| esser than /u/ and sentence contradicting the findings of
Zemin (1962) while the nean value of sentence was highest

when conpared to /a/, /i/ &/ul.

In case of dysphonic males /u/ had |ower nmean value
when conpared to /a/, /i/ nd sentence while sentence had the
hi ghest nean val ue when conpared to /a/, /i/ & /u/. In the
case of dysphonic females sentence had the highest nean

absolute jitter value when conpared to /a/ /i/ & ul.

As seen fromthe definition the folowng paraneters
absol ute jitter, jitter percent, rel ative aver age
perturbation, pitch perturbation quotient and snoothed pitch
parturbation quotient (SPPQ are interrelated hence the
results of all these paraneters are di scussed together. They
all nmeasure the short or long term variation of the pitch

period wwth in the analysed voice sanple but they are
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different in terms of the snoothing factors used. In RAP a
smoot hing factor of 3 is used, PPQ uses 5 where as SPPQ Uses
55 as the smpothing factor. SPPQ allows the user define his
own pitch perturbation neasure by changing the snoothing
factor from1l to 199 periods. VFO is the standard deviation
of Fo. Voice break areas are excluded during the anal ysis of

all paraneters.

In all cases paraneters, as seen from the tables X
a,b,c&; Xl. a,b,c&. XII a, b, c,&. Xl a, b, ¢c &d; XV
a,b, ¢ & d; the nean values of sentence were higher for al
the groups (nornmal mal es, normals femal es dysphonic nales &
dysphonic females). This is due to the inflection used
during the production of sentence, use of different speech
sounds having different wvocal tract configuration which

would indirectly affect the frequency of the voice.

It was also seen that the mean values of all these
paraneters for dysphonic males and females for the vowel and
sentence were higher than for normal males and femal es which
is in aggrenent with the results of study done by Chandra
Shekar (1987) and Von Leder et al (1966). This could be
attributed to the inability of the dysphonics to maintain a

constant pitch in both phonation and sentence.
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However, it was seen that pitch extraction errors nmay
affect jitter percent significantly with a snwoothing factor
of 3, SPPQ is identical to the RAP introduced by KO KE(1973)
with a snoothing factor of 5, SPPQis identical to the PPQ
i ntroduced by KO KE and Cal catera, (1977). Because of the
snoot hi ng RAP & ppQ are less sensitive to the pitch
extraction errors. Wiile they are less sensitive to the
period to period pitch variations, they describe the short
termjitter in the voice very well. At high snoothing factors
SPPQ correlates with the intensity of the long term pitch
period variations. The studies of patients wth spasnodic
dysphonia (Deliyski, Olikoff & Kahane, 1991) show that SPPQ
with Snoothing factor set in the range of 45-65 periods has
increased values in case of regular long-term pitch

vari ations (frequency voicetrenors).

The SPPQ snoothing factory setup is 55 period - SPPQ
(55). This setup allows wusing SPPQ as an addi ti onal
eval uation of the frequency frequency trenors in the voice.
The intensity and the regularity of the frequency trenor can
be assessed using SPPQ (55) in conbination with VFO  The
manuf act ures suggest the wuse of RAP/ PPQ SPPQ with VFO
instead of Jitter in order to avoid the influence of pitch

extraction errors.
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Further it can be seen fromthe tables XIVc & d &XV c
& d that the values of SPPQ for dysphonic males and fenales
were |ower when conpared to VFO. This indicates that the
short-termvariations in frequency were higher when conpared
to the long-termvariations in the case of dysphonics (both

mal es and fenal es) .

The results of 'T  test showed that there was
significant difference between normal nmales and nornal
femal es for the phonation of /a/ & /u/ and for sentence, but
for the phonation of /i/ there was no significant difference
(T values for vowel /a/, vowel /u/ and sentence were 4.41,
4.04 & 12.2 respectively for normal males and fenales) The
mean absolute jitter values were higher in males than in
females. This results is in agreenent with the results of
H ggins & Saxman (1989), but contradicting with the results
of Sorenson and Horii (1983)

In the case of dysphonic mal es and fermales there
was significant diference with males having higher val ues

for all the vowels and the sentence.

Jitter percent(Jitt):
The mean, SD and range of jitter percent are presented

in the tables XI a, b, ¢ & d and graph 11 for nornal mal es
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and normal fermales, dysphonic nmales & dysphonic fenales
respectively. Tables XI a & graph 11 (nm & application of
T test revealed that there was significant difference at
0.01 level between /a/ vs /il [al vs lul, [al vs sentence/,
/il vs sentence & /u/ vs sentence & there was no significant
di ffernce between /i/ vs/u/ (T scores test were /a/ vs/il =
-3.146, /al vs/ul =-2.4, [al vs sentnce =-28, [il vs

sentence =-20.95 & /u/ vs sentence =-27.46).

The obserevation of the table XI b & graph 11 (nf) & T
test results showed that there was significant difference at
0.01 level between /a/ vs /ul/, [al vs sentence, [i/l vs
sentence & /u/ vs sentence, but no significant difference
between /a/ vs /i/ & /il vs lul/l. (T score were /al vs /[ul
=-4.3, /al vs sentence =-31.47, [il vs sentence =-18.007

& ul/ vs sentence =-26.79).

Table XI ¢ & graph 11 (dm) and results of statistical
anal ysis showed that in dysphoni c mal es t here was
significant difference at 0.01 |evel between /a/ vs /ul, il
vs sentence & /u/ vs sentence and no significant difference
between /al/ vs /i/l, [al vs sentence & /i/ vs /u/ (T values
were /al vs [ul =2.4657, /i/ vs sentence =-5.13 & /ul vs

sentence =- 6.47).
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TABLE XI (a): Show ng nean, standard deviation and range
for normal nmales for the paraneter Jitter percent.
VONELS
AND MEAN S. D. RANGE
SENTENCE
/ al 0. 654 0. 513 0.152 - 2.862
lil 0.95 0.73 0.147 - 3.368
lul 0. 825 0.44 0.232 - 2.84
sentence| 3.128 0. 662 1.823 - 5.04
TABLE XI (b): Show ng nean, standard deviation and range
for normal fermales for the paraneter Jitter percent.
VONELS
AND MEAN S. D. RANGE
SENTENCE
/ al 0. 663 0. 496 0.129 - 2.466
lil 0. 884 1.17 0.114 - 8.738
[ ul 0. 996 0. 543 0.138 - 2.468
sentence| 3.45 0. 677 1.746 - 5.213
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TABLE XI (c): Show ng nean, standard deviation and range
for dysphonic nmales for the paranmeter Jitter percent.

VOAELS

cenTence| | VEAN S.D. RANGE
| al 3.878 4.221 0.453 - 20.157
lil 2.842 2.16 0.401 - 9. 426
[ ul 2.298 2.089 0.396 - 9. 244

sentence | 5.094 2. 393 2.535 - 16.331

TABLE XI (d): Show ng mean, standard deviation and range
for dysphonic females for the paranmeter Jitter percent.

VONELS
AND VEAN S. D RANGE
SENTENCE
[ al 1. 665 1. 264 0.171 - 5.531
[il 1. 433 1. 042 0.261 - 4.176
[ u/ 1.717 0. 807 2.75 - 3.728
sentence | 3.918 0.99 2.261 - 6.604
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I n dysphonic fermales (tables XI d & graph 11 (df)) when
T test was applied there was significant difference at 0.01
| evel between the vowels and sentences i.e. /al/l vs Sentence,
/1] vs sentenve and /u vs sentence but no significant
di fference between the vowels i.e. /a/ vs /i/ /ul And /i /] vs
ful. (The T scores were /[/al/ vs sentence =-8.42, [i/ vs

sentence =-10.37 and /u/ vs sentence =-1034).

In case of dysphonic nales & fenale: there was
significant difference for phonation of vowls /a/, /il &
sentence but for normals there was no significant difference
between mal es and females for vowels. This is Contradicting

the results of Robert & Baken (1984).

In the present study, while conparing the nean val ues &
T test values of jitter percent for the phonation of
different vowels and sentence the nean jitter percent of /a/
was | ower when conpared to /i/, /u/ & sentence and the nean
jitter percent of sentence was hi gher when conpared to /a/,
/1] & /ul in the case of normal males. But in the case of
normal females the nean values of /a/ was |lesser their when
conpared to /u/ & sentence contradicting the findings of
Wlcox & Horii (1983) and the nean value of sentence was
hi ghest when conpared to /a/, /i/ & /u/. In the cases of
dysphonic nmales and fenal es the nean value of sentence was

hi ghest when conpared to /a/, /il & /ul.
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The results of this paraneter has been di scussed under

t he paraneter absolute jitter.

Real ti ve average perturbation (RAP)
It is defined as relative evaluation of the period to
period variabilty of the pitch of the analysed voice sanple

wi th snmoothing factor of three peri ods.

The observtion of table XIl a & graph 12 (nm & t' test
reveal ed that there was significant difference at 0.01 |eve
between /a/ vs /i/, /al vs/lul, [al vs sentence, /[i/ vs
sentence & /u/ vs sentence and there was no significant
difference between /i/ vs /u/ (T scores were /al vs [i]
=-3.36 , /al vs /ul=-2.47, [al vs sentence =-24.45 /[i/ vs

sentence =-17.37& / u/ vs sentence=-23.6).

Table XII b & graph 12 (nf) and results of T. Test
showed that there was significant difference at 0.01 |evel
between /a/ vs /u/ /al vs sentence, /i/ vs sentence & at
0.05 level between /i/ & /u/ but there was no significant
difference between /a/ vs/i/ (T values were /al vs [ul
=-4.37, |/ al vs sentence =-29.83, /i/ vs /ul/, =-2.103,/1i/ vs

sentence =-22.34 and /u/ vs sentence =-24.85)

In dysphonic males (table XII ¢ and graph 12 (dm when

T test was admnistered there was significant difference at
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TABLE XI'l (a): Show ng nean, standard deviation and
range for normal nmales for the paraneter Relative
average perturbati on.

VOWNELS
AND MEAN S D RANGE
SENTENCE "
| al 0. 384 0.316 0.075 - 1.767
[/ 0. 58 0. 455 0.074 - 2.047
[ul 0. 49 0.274 0.123 - 1.781
sentence| 1.679 39 9.42 - 2.828

TABLE XII (b): Showing mean, standard deviatic” and
range for normal females for the parameter Relative
average perturbation.

VONELS
AND VEAN S. D RANGE
SENTENCE
lal 0. 398 0. 301 0.075 - 1.4/64
lil 0.473 0. 489 0.061 - 1.937
[ ul 0. 604 0. 333 0.083 - 1.562
sentence| 1.94Q 0.391 0.97 - 3.102
H- j | —_—
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TABLE XI'l (c): Showi ng nmean, standard devi ati on and
range for dysphonic males for the paraneter Relative
aver age perturbation.
VONELS
AND S. D RANGE
sentEncE, VAN
/ al 2. 245 2. 407 0.244 - 11. 363
Il 1. 66 1. 269 0.242 - 5.635
/u/ 1. 347 1. 153 0.239 - 4.768
sentence | 2.86 1. 487 1.299 - 9.857
TABLE XI'1 (d): Show ng nean, standard devi ati on and
range for dysphonic females for the paraneter Relative
aver age perturbation.
VONELS
AND MEAN S. D RANGE
SENTENCE
/ al 0. 986 0. 755 0.085 - 3,267
Il 0. 851 0.618 0.156 - 2,|488
/ul 1.031 0.501 0.161 - 2|346
sentence| 2.186 0. 597 1. 206 - 3 /883
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0.05 |l evel between /a/ vs /u/ & at 0.01 |evel between /i/ vs
sentence & /u/ vs sentence and there was no significant
difference between /a/ vs /i/, lal vs sentence and /i/ vs
ful. (T values were /al vs /u/l = 2.475, [il vs sentence

=-4.5 & /ul/ vs sentence=-5.91).

Table XIld & graph 12 (df) & results of T  Test
revealed that in dysphonic fenales there wa si gni fi cant
difference at 0.01 |evel between /a/ vs sentence /il vs
sentence and /u/ vs sentence & no significant difference
between /al/ vs /i/, [al vs/ lul &/i/ vs [ul T score got
were /al vs sentence =-7.48, /il vs sentence =-9.32 & /u/ vs

sentence =-8.89).

In case of nornals significant difference was seen only
in vowel /u/ between males and fermales where as in
dysphoni cs significant diference was seen for vowels /al &

/il & this agrees with the results of Venkatesh et al (1992)

In the present study, while conparing the nmean val ues &
T" values of relative average perturbataion of different
vowel s and sentence the nean RAP value of /a/ was |ower when
conpared to /i/ & /ul/ and sentence. The nean value of

sentence was hi ghest when conpared to /a/,/i/ & /u/ in the
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case of normal males. In normal females the the nean val ues
of /al & /i/ were |lower when conpared to /u/ and sentence.
The nean val ue of sentence was hi ghest when conpared to /a/,
/1] & /ul in the case of dysphonic nales the nean val ues of
[ al & sentence were higher when conpared to /i/ & /ul.
I n dysphonic fenales the nean val ue of sentence was highest

when conpared to /a/, /il &/ul.

The results of this paranmeter has been di scussed under

the paraneter absolute jitter

Pitch Perterbution Quotient: (PPQ

The nean, SD & range of Pitch Perturbation Quotient for
the four group ie., normal males, normals females, dysphonic
mal es & dysphonic fenales are presented in table Xl a, b,

c & d & graph 13.

The inspection of Table XII a & 'T" test results
revealed that in normal nmales there was significant
difference at 0.01 | evel between /a/ vs /il, [al vs lul, [al
vs sentence /i/ vs sentence & /u/ vs sentence but there was
no significant difference between /i/ vs [ul. (The 'T
val ues were /a/ vs/ /i/ =- 3.498, /al vs /ul -2.55, [i/l vs
sentence =-28.76 /i/ vs sentence =-21.6 & /u/ vs sentence

=-28. 68).
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In normal females (Table Xl Il b) application of T test showed
that there was significant difference at 0.01 level between
lal vs/lil, [al vs sentence, /i/ vs sentence & /ul vs
sentence but no significant difference between /a/ vs /il &
/il vs ful. (The T values were /al/ wvs [il & [il vs
lul=-4.209, /a vs sententence =-31.84, /i/ vs sentence

=-27.7 & lul vs sentence =- 28.05).

Table XIIl ¢ and results of T test revealed that in
dysphonic males there was significant difference at 0.05
| evel between /a/vs /u/ and at 0.01 Ilevel between /i/ vs
sentence & /u/ sentence and there was no significant
di fference between /a/ vs/il/, [al vs sentence & /il vs /[ul
(T score were /al/ vs /ul = 2.28, /il vssentence =- 4.56 and

/ul vs sentence =-5.25).

It was evident fromtable XIlld & graph 13 (df) & the
T test results that there was significant difference at
0.01 level between /al/ vs sentence, /i/ vs sentence & /u/ vs
sentence but no significant differnce betweet /a/ vs [il,
lal vs [ul & /il vs /ul/l. ( The T values were /al/ vs sentence

=- 8.71, /il vs sentence=-10.14 & /u/ vs sentence =- 10.59).

Conmparision of the nmean values & t'test values of pitch

perturbation quotient for the phonation of different vowels
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TABLE XII'l (a): Show ng mean, standard deviation and
range for normal males for the parameter pitch period
perturbation quotient.

VONELS

SEANI'\II'EI%NCE MEAN S. D, RANGE
/ al 0. 381 0. 293 0.099 - 1.632
lil 0. 572 0. 426 0.089 - 1.867
/ul 0. 484 0. 243 0.126 - 1. 429

sentence| 1.932 0.418 1. 072 - 3.231

TABLE XII'l (b): Show ng nean, standard devi ation and
range for normal fenmales for the paraneter pitch period
perturbation quotient.

VONELS
AND MEAN s D RANCGE
SENTENCE -
[ al 0. 389 0. 286 0.078 - 1.468
[il 0. 467 0.481 0.07 - 1.963
ful 0. 575 0. 304 0.091 - 1.358
sentence| 2.183 0.451 1.052 - 3.291
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TABLE XI'I'I (c): Show ng nean, standard devi ation and
range for dysphonic males for the paraneter pitch period
Perturbation Quotient.

VOWELS

SEAN¥2N0E MVEAN S.D. RANGE
EY 2.578 3.071 0.268 - 12.85
[il 1. 757 1. 502 0.239 - 7.369
I ul 1. 508 1.564 0.226 - 6.912

sentence | 3.207 1.79 1.467 - 11.456

TABLE XI'I'l (d): Show ng mean, standard devi ation and
range for dysphonic females for the parameter pitch
peri od perturbation quotient.

V,?,\/}ELS VEAN S. D. RANGE
SENTENCE
/al 0. 995 0. 768 0.105 - 3.379
Il 0. 881 0. 669 0.145 - 2.518
[ ul 1. 024 0. 488 0.164 - 2.059
sentence| 2.45 0. 644 1.474 - 4.388
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and sentence indicated that the nmean pitch perturbation
quotient of /a/ was I|lower when conpared to /i/, [lul &
sentence. The nean value of sentence was highest when
conpared to /a/, /i/ & /ul/ in normal nmales. In nornmal
femal es the nmean values of /a/ was |ower when conpared to
/[ u/ and sentence & the nean value of sentence was highest
when conpared to /a/, /i/ & /ul/. In the case of dysphonic
mal es and fermales the nean value of /a/ & sentence were
higher than /i/ & /u/ and the nmean value of sentence was

hi gher when compared to /a/,/i/ & /ul.

The results of his paranmeter has been discussed under

the parameter absolute jitter.

Snot hed pitch perturbataion quotient: (SPPQ

This is the relative evaluation of the short or |ong
termvariabiliy of the pitch period wthin the analysed
voi ce sanple at snoothing factor defined by the wuser. The
mean, SD & range of SPPQ are presented in the Table XV,
a,b,c& & graph 14 for normal males, normal females,

dysphoni c nmal es & dysphonic femal es respectively.

It was evident fromthe table XIV a & graph 14 (nm and
results of statistical analysis that there was significant

difference at 0.01 |evel between /al/ vs [il, [al vs
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sentence, /i/ vs /ul/, /il vs sentence and /u/ vs sentence
and there was no significant diference between /a/ vs [u/
(The T values were /a/ vs /il =- 3.328, /al vs sentence /il
vs /u/ =2.51, /il vs sentence=-27.19 & /u/ vs sentence

=-32.4).

Table XIV b & graph 14 (nf) & results of "t" test
reveal ed that there was significant differenceat 0.01 |evel
between /a/ vs /u/, [al vs sentence, /i/ vs sentence & there
was no significant difference between /a/ vs /i/ & /il vs
ful, (T scores were /al/ vs [/ul =-3.47, [al vs sentence

=-37.41, /i/ vs, sentence =-35.07 & /u/ vs sentence =-35.93)

Table XIV c & d and graph 14 (dm & df) & application of
T test showed that in dysphonic (nales and females) there
was no significant difference between the Vowels i.e. /al vs
[il, lal vs /ful & [i/]l wvs/u/, but there was significant
difference at 0.01 |evel between the vowels & the sentence

i. elil vs sentence /i/ vs sentence & /u/ vs sentence (The

T values for dysphonic nmales were /a/ vs sentence =-5.02,
/il vs sentence =-5.25 & /u/ vs sentence =-5.84; for
dysphonic fenmales /a/ vs sentence =- 9.72; [/ VS

sentence=-8.6 & /u/ vs sentence =-7.87).

PPQ values were significantly different for /u/ &

sentence in normal males and fennl es.
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TABLE XIV (a): Show ng nean, standard deviation and
range for normal males for the paranmeter snoothed pitch
peri od perturbation quotient.

VOVELS
AND VEAN S. D RANGE
SENTENCE
[ al 0. 596 0. 262 0.191 - 1.6
lil 0. 7634 0. 398 0.218 - 1.935
[ ul 0. 643 0. 217 0.298 - 1.691
sentence| 5.032 1. 435 2.102 - 9.482

TABLE XIV (b): Showi ng mean, standard devi ati on and
range for normal males for the paraneter snoothed pitch
period perturbation quotient.

VONELS

sentence| >P RANGE
/al 0. 489 0. 262 0.156 - 1.468
Il 0. 549 0. 439 0.128 - 1.917
[ ul 0. 632 0. 288 0.149 - 1.431

sentence | 4.745 1. 047 2.315 - 7.132




90b

TABLE XIV (c): Show ng nean, standard deviation and
range for dysphonic nmales for the paranmeter snoothed
pitch period perturbation quotient.

VOVNELS
AND VEAN S. D RANGE
SENTENCE
[al 3.614 4.112 0.523 - 14.193
[/ 3.27 4.43 0.374 - 26.002
[ul 2.91 4.085 0.357 - 19.067
sentence| 7.99 4.823 2.562 - 27.649

TABLE XIV (d): Showi ng nean, standard devi ati on and
range for normal females for the paranmeter snoothed
pitch period perturbation quotient.

VONELS
AND NVEAN S.D. RANGE
SENTENCE
[al 1.235 0. 846 0.223 - 3.761
lil 1.32 1.74 0.259 - 10.471
[ul 1.512 2. 053 0.372 - 12.877
sentence| 6.303 3.110 3.014 - 17.481
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The conparision of the nean values & T' test of SPPQ
for the phonation of different vowels and sentence showed
that in the case of nornmal nmales the nmean values of /al &
[ ul was |ower when conpared to /i/ and sentence & the mean
val ue of sentence was hi ghest when conpared to /a/,/i/l & /ul
in normal ferales the nmean values of /a/ was |ower than /u/
and sentence the nmean val ues of sentence was highest when
conpared to /a/,/il and /u/. In the case of dysphonic nmales
and fermales the nean values of sentence was higher when

conpared to the nmean values of /a/, /il & /ul.

The results of this paraneter has been discussed under

the paranmeter absolute jitter.

Co-efficient of Fo Variation (VFO

This is defined as relative standard deviation of the
Fo & it reflect, in general, the variation of Fo (Short to
long tern). The nmean, SD & range fo this Co-efficint of Fo
variation are presented in the Tables XV a, b, ¢ & d & graph
15 for normal nmales and females and dysphonic nales and

f enal es

It wasevident fromthe Table XV a and graph 15 & T

test resultsthat therewassignificant differencebetween
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the vowel s and between vowel s and sentence.(The T val ues at
0.01 level were /a/ vs [il = 4.536, [al vs sentence
=-32.65, /i/ vs lul 3.22, /il vs sentence =-30.37 & /u/ vs
sentence =-38.2 and at 0.5 level were /a/ vs /[ul =2.0426).

In normal females their was significant difference at
0.01 level between /a/ vs [/ul, [/al vs sentence no
significant difference between /a/ vs /il & /il vs [ul (T
scores were /al vs /ul =-4.25 /al vs sentence =-39.58, /il

vs sentence =-38.059 & /u/vs sentence=-38. 35.

Table XV ¢ & d & graph 15 (dm & df)& adm nistration of
T test showed that there was significant difference at 0.01

| evel between the vowels & the sentence, but no significant

difference between the vowels in both the groups in
dysphoni ¢ nal es and fenal es. (The T scores were /al vs
sentence =- 3.266, /i/ vs sentence =-3.19 & /u/ sentence

=-3.9 for dysphonics males, and /a/ vs sentence =-8, /i/ vs
sentence =-5.7 & /u/ vs sentence =-4.46 for dysphonics

femal es) .

Wil e conmparing the mean values & T' values of the co-
effecient of Fo variation for the phonation of different
vowel s and sentence it was found that in the case of nornal

mal es, the order of increase in the nean Co-efficient of Fo
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TABLE XV (a): Show ng nean, standard deviation and range
for normal males for the paranmeter co-efficient of Fo
vari ation.

VONELS
AND VEAN S. D RANGE
SENTENCE
[ al 0. 939 0.412 0.296 - 2.854
[il 1. 264 0.54 0.414 - 2.659
[ul 1. 05 0. 318 0.532 - 2.101
sentence| 8.52 2.164 4.981 - 17.421

TABLE XV (b): Show ng nmean, standard deviation and range
for normal females for the paraneter co-efficient of
Fo vari ation.

VONELS
AND MEAN S. D RANGE
SENTENCE
[ al 0. 868 0.412 0.288 - 2.602
lil 1. 005 0. 611 0.219 - 3.117
[ u/ 1.13 0. 419 0.409 - 2.077
sentence| 9.5 2.03 4,553 - 13.78




TABLE XV (c):
for dysphonic males for

Fo vari ati on.
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Showi ng nean,

t he paraneter

co-efficient

VOVNELS
AND VEAN S. D RANGE
SENTENCE
/ al 8.02 11. 49 0.692 - 60.935
lil 7.692 12. 886 0.641 - 60.977
[ u/ 6. 851 11. 214 0.57 - 49.831
sentence| 14.594 9. 306 6.416 - 49.537
TABLE XV (d): Show ng nean, standard devi ation and range

for dysphonic females for

Fo vari ati on.

t he paraneter

standard devi ati on and range

of

:co-efficient

VONELS

senrence| AN S.D. RANGE
/ al 2.708 3. 598 0. 408- 22. 257
lil 3. 26 6. 771 0.455 -41.193
[ u/ 4.19 8. 27 0.663 -42.345

sentence| 11.64 5. 65 4.892 -34.99
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variation were /a/ (0.939) /u/ (1.05) /i/ (1.264) & sentence
(8.52). In the cases of normal fenal es t he nean val ues of [/ a/
was | ower when conpared to /u/ & sentence the nmean val ue of
sentence was the highest when conpared to /a/,/i/ & /ul. In
the cases of dysphonic males and fenales the nmean val ue of
sentence was hi ghest when conpared to the nmean values of

lal, I'il &/lul.

The results of this parameter has been di scussed under

t he paraneter absolute jitter.

Shimrer in dB:(Sh dB)

This neasures the very short term (cyclo-to-cycle)
irregularity of the peak-to-peak anplitude of the voice. The
mean, SD & range for this nmeasure are presented in Table XV
a,b,c & d & graph 16 for normal males, normal fenales

dysphoni ¢ mal es & dysphonics fenal es respectively

Table XVl a graph 16 (nm & T test results revealed
that there was significant difference at 0.01 |evel between
the vowel s & between vowel s and sentence in nornmal males (T
values were /al/ vs /il 2.484, /al vs [ul = 5.87,/al vs
sentence =-36.28, /i/ =vs [ul =- 3.71 /il vs sentence

=-37.63 /u/ vs senence =- 33.19).
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Table XVI b graph 16 (nf) & statistical analysis showed
t hat there was significant difference at 0.01 between
lal vs /ul, /al vs sentence, /i/ vs/ /ul, [i/ vs sentence &
/ul vs sentence but no significant difference between /a/ vs
[il.(T score were /al vs /ul = 2.94, [al vs sentence =-26. 3,
[i/ vs [ul=3.32, /i/ vs sentence =-23.5 & /u/ vs sentence
=-30.8). In dysphonic nales (Tables XVI ¢ & graph 16 (dm &
application of t'test showed that there was significant
differenceat 0.01 |evel between /a/ vs sentence & /ul/ vs
sentence, but no significant differencebetween /a/ vs [il,
[al vs/ul, lilvs/ul & /il vs sentence (The T values were /a/

VS sentence =-6.415, & /ul/ vs sentence=-4.73)

I n dysphonic females there was significant diference at
0.01 level between /al/ vs sentence, /i/ vs sentence & /u/ vs
sentence but no significant difference between /a/vs/i/l, [al
vs /u/ & /il vs/u/l. (The T' values were /al vs sentence
=-5.2, /il vs sententce =-7.3 & /ul/ vs sentence =-4.6
Comparision of the nmean values & T values of the shimer in
dB for phonation of different vowels & the sentence showed
that in normal males the order of increase in the nmean
val ues of Shdb were /u/ (0.166), /il (.2214), [al (.254) &
sentence (1.13) in case of normal females the nean value of

sentence was hi ghest when conpared to /a/, /il & /ul the
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TABLE XVI (a): Show ng mean, standard devi ation and range
for normal males for the paraneter shimrer in dB.
VONELS
AND MVEAN S. D RANGE
SENTENCE
/ al 0. 254 0. 088 0.079 - 0.502
[l 0. 2214 0. 087 0.083 - 0.587
[ ul 0. 166 0.122 0.046 - 0.559
sentence| 1.13 0. 209 0.786 - 1.888
TABLE XVI ( b): Showi ng nmean, standard devi ati on and range
for normal females for the parameter shimer in dB.
VOVNELS
AND MEAN S. D RANGE
SENTENCE
/ al 0. 2369 0. 088 0.099 - 0.477
[l 0. 247 0. 113 0.106 - 0.854
lul 0. 167 0. 207 0.057 - 1.93
sentence| 9.156 7.822 0.565 - 74.3
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TABLE XVI (c): Show ng nean, standard deviation and range
for dysphonic males for the paranmeter shimmer in dB.

VOVNELS
AND VEAN SD RANGE
SENTENCE
[al 0. 798 0. 463 0.269 - 2.06
[il 0.977 0. 686 0.137 - 4.92
[ ul 0. 708 0. 879 0.104 - 3.868
sentence| 1.33 0. 389 0.808 - 2.798

TABLE XVI (d): Showi ng mean, standard devi ation and range
for dysphonic females for the paraneter shimrer in dB.

VOVNELS
AND VEAN SD RANGE
SENTENCE
[ al 0. 404 0.178 0.134 - 0.82
[il 0. 382 0.175 0.082 - 0.794
[ ul 0. 364 0. 166 0.158 - 0.744
sentence 3.62 15. 67 0.728 - 0.95
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nean value of /u/ was |ower when conpared to /al/,/il&
sentence. In both dysphonic ,males and fenmales the nean
val ue of sentence was hi ghest when conmpared to /a/, /il &

[ul.

As it could be noted fromthe definition the paraneters
Shimer in dB(ShdB), Shimer (% Anplitude perturbation
quoti ent (APQ, Snoothed anplitude perturbation guot i ent
(SAPQ & Co-efficient of peak anplitude variation (VAM are
interrelated and hence the results of all these paraneters
are discused together. These parameters neasure the short or
long-termvariability of the peak-to peak anplitude but they
are different interns of smoothing factors used APQ uses
smoot hing factor 11 & SAPQ uses a snoothing factor of 55.
VAm is standard deviation of the peak-to-peak anplitude.
SAPQ allows the wuser to define hi s own anpl i tude
perturbation neasure by changing the snmoothing factor from 1
to 199 periods. Voice breaks areas are excluded during the

anal ysis of all these paraneters.

In all these paraneters as seen fromthe tables XVI a,
b, ¢ &d, XVIl a, b, ¢ &d, XVIll a, b, ¢ &d, XIX a, b, c
and d and XX a, b, ¢ & d the nean values of sentence were
hi gher for all the groups (nornmal males, normal fenmales,

dysphoni ¢ mal es, dysphoni c Fenal es).
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This is due to the inflections wused during the
production of sentence, wuse of different speech sounds
having different vocal tract configuration, which would
indirectly affect the intensity/anplitude of the voice

si gnal .

It was al so seen that the nean values of all these
paraneters for dysphonic nmales and females for the vowels
and sentence were higher than for normal males and fenales
which is in agreenent with the study done by Von Leden et al
(1960); Venkatesh et al (1992) and Kitajima and CGould
(1976). This could be attributed to the inability of the
dysphonics to mamintain a constant intensity in bot h

phonation and sentence.

However, it was seen that pitch extraction errors nay
affect voice very well. Wth a snoothing factors of 11, SAPQ
is identical to the anpl i tude perturbation quot i ent
introduced by Koike (Koike, 1973; Koike and Calcatera,
1977). Because of the snobothing, APQis not as sensitive to
pitch extraction errors. Wiile it is |less sensitive to the
period to period anplitude variations, it still describes
the short-term anplitude perturbation of the voice very

wel | .
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At high snoothing factors, SAPQ correlates wth the
intensity of t he |l ong-term peak-to-peak anpl i t ude
variations. The studies of patients with spasrnodi c
dysphonia (Deliyski, Olikoff and Kahane, 1991) show that
SPPQ with a snmoothing factor set in the range 45-65 periods
has increased values in case of regular long term anplitude

vari ati ons.

The SAPQ snoothing factors setup is 55 periods - SAPQ
(55). This set wup allows wusing SAPQ as an additional
evaluation of the anplitude trenors in the voice. The
intensity and the regularity of the anplitude trenors can be
assessed using SAPQ (55) in conbination with VAM The
manuf act urers suggest the use of APQ SAPQ with VAM i nstead
of shimrer inorder to avoid the influence of the pitch
extraction errors. Hence the nean values of SAPQ and VAM
were conpared (fromthe tables XIX ¢ and d and XX ¢ and d)
for dysphonic males and females. It was found that the nean
SAPQ (55) values were |lower for dysphonic nmales and fenales
when conpared to VAM This indicates that the short-term
variations were nore in the case of dysphonics (both nmales

and femal es).
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17. Shimrer (%:
The nmean, SD and range of Shimmer in percent are
presented in tables XVII a, b, c and d and graph 17 for the

normal males, females and dysphonic nmales and fenal es.

It was evident fromthe table XVIl a, graph 17 (nm
and 'T" test results that there was significant difference
at 0.01 level between /a/ Vs /u/, /al Vs Sentence, [i/ Vs
lul, il Vs Sentence and /u/ Vs Sentence and no significant
di fference between /a/ Vs /i/. (The 'T values were /al Vs
lul =3.64, [al Vs Sentence=-17.4, [/i/ Vs [ul/=3.72, [il Vs

Sent ence=-32.45 and /u/ vs Sentence=-34.37).

Tabl eXVI1 b, graph17(nf) and't' test reveal edt hat
therewas significant differenceat 0.011 evel between/ a/
Vs /ul, [al Vs Sentence, /i/ Vs /ul, [il Vs Sentence, /u/ Vs
Sentence and no significant difference between /a/ Vs [i/.
('T val ues got were /al Vs /ul-6.47, / al Vs
Sentence=-31.44, /[i/ Vs /u/l =6.3, /[i/ Vs Sentence=-28.1,

/ul Vs Sentence= -37.52).

Both dysphonic males and females showed si gni fi cant
difference at 0.01 |evel between vowels and sentence but no

significant difference between vowels. (The 'T' scores were



98a

TABLE XVI | (aR: Showi ng nean, standard devi ation and range
for normal nmales for the paraneter shimrer percent.

VONELS
AND MEAN S D RANGE
SENTENCE
/al 3.25 3.26 0.917 - 32.309
[/ 2. 547 1.01 0.958 - 6.774
[ ul 1. 907 1.28 0O .53 - 6.418
sentence| 10.28 2.023 1.438 - 16.729

TABLE XVI | (b):

Showi ng nean,

standard devi ation and range

for normal fenales for the paraneter shimrer percent.

VONELS

AND MEAN S.D RANCGE
SENTENCE

/ al 2. 68 1.05 0.008 - 5.27

[il 2.78 1. 315 0 - 5.515

[ ul 1.69 0. 999 0 - 5.957
sentence 8.44 1.39 5.248 - 11.81
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TABLE XVII (c): Showi ng mean, standard devi ati on and range
for dysphonic nmales for the paraneter shinmer percent.
VONELS
AND MEAN SD RANGE
SENTENCE
/al 8.67 4. 69 3.065 - 20.588
lil 6. 974 524 1.588 - 23.24
/ul 7.32 8.35 0.847 - 33.843
sentence| 12.68 3.89 6. 668 - 26.636
TABLE XVI'I (d): Show ng nean, standard deviation and range
for dysphonic fenales for the parameter shinmer percent.
VONELS
AND MEAN SD RANGE
SENTENCE
/al 4. 566 2.04 1.549 - 9. 274
lil 4.22 1.85 0.938 - 8.967
/ul 4. 07 1.84 1.781 - 7.809
sentence| 9.36 2.23 6.543 - 15.825
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/al Vs Sentence=-4.84, /i/ Vs Sentence=-6.43 and /u/ Vs
Sentence=-4.27 for dysphonic nales, /a/ Vs Sentence=-9.52,
i/ Vs Sentence=-10.64 and /u/ Vs Sentence=-11 for dysphonic

femal es) .

In the present study, while conparing the nmean val ues
and 'T" values of the Shimmer in percent for the phonation
of different vowels and sentence, it was found that the nean
value of Shimer in % for /u/ was |ower when conpared to
lal, /1] and sentence. The nean value for sentence was
hi ghest when conpared to /a/, /i/ and /u/ for both nornma
mal es and femal es. For dysphonic nales and fermales the nean
val ue of sentence was hi ghest when conpared to /a/, /i/ and
/ul. It was also found that fenmales had |ower values of
shimrer in (% when conpared to males for both the groups.
This finding is in agreement with the study done by Sorensen

and Horii (1983).

18. Anplitude Perturbation Quotient (APQ):
APQ is defined as relative evaluation of the period to
period variability of the peak to peak amplitude wthin in

t he anal yzed voice sanple at snoothing of 11 periods.

In Table XVIIl a and graph 18(nm) and application of

'"T" test revealed that there was significant difference at
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0.01 Il evel between the vowels and between vowels and the
sentence. (The T scores were /al/ Vs [i/=3.053, /[al Vs
ful =7.129, [/ al Vs Sentence—-32.34, /il Vs/lul=4.31, [il Vs

Sent ence=-33.25 and /u/ Vs Sentence=-36.14).

For normal fenmales (Table XVII1 b) when 'T" test was
applied there was significant difference at 0.01 |[evel
between /a/ Vs /u/, [al Vs Sentence, [i/ Vs [ul, [il Vs
Sentence and /u/ Vs Sentence, but no significant difference
between /a/ Vs /i/. (T scores were /al Vs /u/=8.26, [al Vs
Sentence=-40.52, /i/ Vs /ul =6.99, /i/ Vs Sentence=-36.76,

/ul Vs Sentence=-44.62).

It was evident fromthe Table XVIIl ¢ and graph 18(dm
and 'T" test results, that there was significant difference
at .01 level between the vowels. (The 'T' values were /a/ Vs
Sentence=-9.28, /[i/ Vs Sentence=-10.41, and /ul/ Vs

Sentence=-7.8).

For dys@phonic females, |ike dysphonic nmales there was
no significant difference between vowels but there was a
significant difference between vowels but there was a
significant difference at 0.01 |evel between vowels and
sentence, the 'T' values being /a/ Vs Sentence--13.49, /il

Vs Sentence=-14.65, and /u/ Vs Sentence=-15. 35.
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TABLE XVIII (a): Show ng nean, standard deviation and range
for normal males for the paraneter anplitude perturbation
qguoti ent .
VONELS
AND MVEAN S.D RANGE
SENTENCE
 al 2.24 0. 69 0.791 - 4.343
lil 1.92 0. 68 0.849 - 4.659
/ul 1.44 0. 803 0.467 - 4.138
sentence| 13.37 3.19 7.995 - 23.799
TABLE XVIII (b): Show ng nean, standard deviation and range
for normal females for the paranetjer anplitude perturbation
quot i ent .
VONELS
AND MEAN S. D RANGE
SENTENCE
 al 1. 905 0. 64 0.822 - 3.488
lil 2.013 1.02 0.854 - 9.216
[ ul 1.14 0.612 0.517 - 4.086
sentence| 9.87 1.75 6.358 - 14.455




100b

TABLE XVII1 (c): Show ng nean, standard devi ation and
range for dysphonic nmales for the paraneter anplitude
perturbation quotient.
VONELS |
AND | MEAN s D RANGE
SENTENCE
/ al 6. 62 4.16 2.224 - 18.174
lil 3.39 4. 45 1.123 - 21.291
[ u/ 5.59 6. 97 0.847 - 33.843
sentence| 14.45 4. 59 7.368 - 25.6
TABLE XVIII (d): Show ng nmean, standard devi ation and
range for dysphonic fenmales for the paraneter anplitude
perturbation quotient.
VONELS
AND VEAN S. D RANGE
SENTENCE
/ al 3.39 1.52 1.106 - 6.363
lil 3.04 1.34 0.672 - 6.507
[ u/ 2.716 1.32 1.014 - 6.419
sentence| 10.07 2.55 6.973 - 17.505
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When nmean values and 'T° values for APQ were conpared
for phonation of different vowels and the sentence, it was
observed that in normal males, there was an increase in the
nmean values in the order as follows: /u/ (1.44), /il (19.2),
[al (2.24) and sentence (13.37). In case of normal females
t he nean val ue of /u/ was |ower when conpared to /al/, [il
and sentence. The nmean val ue of sentence was highest when
conpared to /al/, /i/ and /u/. For both dysphonic males and
fermal es the mean val ue of sentence was hi ghest when conpared

to/al, /il and /u/.

Between the normal nales and females and between the
dysphonic nmal es and femal es t here was si gni fi cant
difference in the nean APQ values for vowls /a/, [i/ and

/u/ and for sentence.

The results of this parameter has been discussed under

t he paranmeter shimer in dB.

Snmoot hed Anplitude Perturbation Quotient (SAPQ) :

The mean, SD and range for SAPQ for the four groups
(the normal nmales, normal females, dysphonic nmales and
dysphonic fermales are presented in table XIX a, b, ¢ and d

and graph 19 respectively.
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For normal nmales and femal es application of 'T  test
showed significant difference at 0.01 |level between vowels
and sentence and between the vowels. (The 'T" values were /a/
Vs [i/=2.99, /al Vs /ul=7.648, /al Vs Sentence=-34.36, /il
Vs [ul=4.56, lil Vs Sentence=-35.09 and /u/ Vs
Sentence=57.18 for normal males, /a/ Vs [i/=1.97 and for
normal fenmales (at 0.05 level and at 0.01 |evel between) /a/
Vs /u/=8.617, /al Vs Sentence=-42.02, /il Vs /u/=6.3, /il Vs

Sent ence=-42.52 and /u/ vs Sentence=-44.27.

Table XIX ¢ graph 19 (dm) and 'T test revealed that
there was significant difference at 0.01 level between the
vowels and the sentence but no significant difference
between the vowels. The ‘T scores were /al Vs
Sentence=-15.7, /il Vs sentence=-15.85 and /u/ Vs

sent ence=-15. 5.

It was evidenced fromtable XIX d and graph 19 (df)
and "T test that there was significant difference at 0.05
between /a/ Vs [u/ and at 0.01 level between /al Vs
sentence, /i/ Vs Sentence and /u/ Vs Sentence. (The 'T
val ues were /al Vs /ul/=2.304, /al Vs Sentence=-23.22, /[i/ Vs
Sent ence=-21.47 and /u/ Vs Sentence=-25.02).
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TABLE XI X (a): Show ng nean, standard devi ation and
range for normal males for the parameter snoothed
anpl i tude perturbation quotient.

VONELS
AND VEAN S. D RANGE
SENTENCE
[al 4.09 1.3 1.727 - 9.121
lil 3.53 1.23 1.482 - 8.657
[ ul 2.77 1.01 1.225 - 5.94
sentence| 32.91 7.85 14. 346 - 56.636

TABLE XI X (b): Show ng mean, standard devi ation and
range for normal females for the paraneter snoothed
anplitude perturbation quotient.

VONELS
AND VEAN S. D RANGE
SENTENCE
[ al 3.13 1.09 1. 607 - 9.049
lil 2. 807 1.2 1.425 - 10.09
[ul 1.93 0.74 0.411 - 5.15
sentence| 30.22 6. 02 17.858 - 46. 316




102b

TABLE XI X (c): Showi ng nean, standard devi ati on and
range for dysphonic nales for the paraneter snoothed
anpl i tude perturbation quotient.

VOVELS
AND VEAN S. D RANGE
SENTENCE
[al 9. 26 6. 22 3.041 - 36. 244
lil 8. 008 7. 06 1.978 - 36.362
[ ul 7.53 7.85 1.303 - 40. 664
sentence| 33.51 9. 32 15.803 - 63.783

TABLE XI X (d): Showi ng mean, standard devi ati on and
range for dysphonic females for the parameter snoothed
anpl i tude perturbation quotient.

VONELS
AND VEAN S. D. RANGE
SENTENCE
[ al 5. 88 2.76 2.149 - 15.798
[il 5.58 3.78 1.489 - 18.081
[ ul 4. 42 2.62 1.414 - 14. 438
sentence| 28.19 51 19. 234 - 36.617
J
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VWil e conparing the mean values and 'T val ues of SAPQ
for phonation of different vowels and the sentence it was
found that in normal males and fermales, the order of
increase in the nean of SAPQ were /u/ (2.77), [il (3.53),
[al (4.09) and Sentence (32.91). However for dysphonic nal es
t he nean val ue of sentence was hi ghest when conpared to /a/,
/1] and /u/ and for dysphonic fenales the nean value of
sentence was highest and the nean value of /u/ was |ower

than / a/ and sentence.

The results of this paranmeters has been discussed

under the paraneter shimer in dB.

Co-efficient of Anplitude Variation (VAM:

VAM is defined as relative standard deviation of the
peak to peak anplitude. The nmean, SD and range are presented
for normal nmales, normal females, dysphonic nmales and
dysphonic females in tables XX a, b, ¢, and d, and graph 20

respectively.

Tables XX a and b and results of T test reveal ed
that there was significant difference at 0.01 |evel Dbetween
fal Vs [il, lal Vs /ul, [al Vs Sentence, /i/ Vs sentence and

/u/ Vs Sentence and no significant difference between /i/ Vs
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/u/.(The "T scores for normal males were /a/ Vs [il=3.64,
lalvs [ul=5.44, / al Vs Sent ence=-50. 58, lil Vs
Sent ence=-55.27, and /u/ Vs Sentence=18.37 and for norma
females were /a/ Vs [i/=2.95, [al Vs [/u/=3.87, [al Vs
Sentence=-47.22, [i/ Vs Sentence=-51.52, and /ul/ Vs
Sent ence=- 50. 99) .

Tabl e XX ¢ graph 20 (dm and results of
statistical analysis showed that there was significant
difference at .01 |level between /a/ Vs Sentence, /il Vs
Sentence and /u/ Vs Sentence, but no significant difference
between /a/ Vs /i/, /al Vs /ul/, and /i/ Vs [ul/. (The 'T
val ues being /a/ Vs Sentence=-13.25, /i/ Vs Sentence=-15.46
and /u/ Vs Sentence=-14.48).

Tabel XX d graph 20(df) and 'T  test revealed that
there was significant difference at 0.05 |level between /al/
Vs /u/ and at 0.01 |evel between /a/ Vs Sentence /i/ Vs
Sentence and /u/ Vs Sentence and no significant difference
between /a/ Vs /i/ and /i/ and /u/. The 'T" values were /al
Vs /u/=2.15, [al Vs Sentence=-13.24, /i/ Vs Sentence=-14.88
and /u/ Vs Sentence--17.79.

In the present study while conparing the nean val ues

and 't' values of VAM for phonation of different vowels and
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Showi ng nean,

standard devi ati on and

range for normal males for the parameter co-efficient
of anplitude variation.
VONELS
AND MEAN S. D RANGE
SENTENCE
l al 8.61 3.01 4.079 - 19. 297
lil 7.13 2.4 0.6229 - 14. 569
lul 6. 48 2.17 2.295 - 12. 767
sentence | 41.54 54 30.628 - 59. 242

TABLE XX (b):

Showi ng mean,

standard deviation and

range for normal fenmales for the paraneter co-efficient
of anplitude variation.
VONELS

AND MVEAN S. D RANGE
SENTENCE

lal 8.79 3.4 4.092 - 22.243

lil 7.44 2.69 2.552 - 17.07

[ul 6. 92 3.07 2.808 - 19.816
sentence| 42.8 5.94 32.408 - 64.566
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TABLE XX (c): Show ng nean, standard devi ati on and range
for dysphonic nmales for the paraneter co-efficient of
anpl i tude vari ation.

VOWNELS
AND VEAN S. D RANGCE
SENTENCE
[ al 18. 98 10. 08 7.349 - 56. 113
[il 15. 63 9.83 3.777 - 47. 419
[ ul 15. 88 10. 71 3.024 - 49. 551
sentence| 41.54 7. 408 25.595 - 58.291

TABLE XX (d): Show ng nean, standard devi ation and range
for dysphonic fenmales for the parameter co-efficient of
anpl i tude vari ation.

VONELS
AND VEAN S. D RANGE
SENTENCE
[ al 17.503 8. 58 6.997 - 42.476
lil 14. 02 8. 82 4.066 - 46.341
[ ul 13. 64 6. 53 5.498 - 29.482
sentence| 41.76 6. 88 26.894 - ©61.346
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the sentence it was found that in normal males and fenales
the mean values of /i/ and /u/ were lower then /a/ and
sentence and the nean value of sentence was highest when
conpared to /a/, /i/ and /u/. In the case of dysphonic nal es
the nean value for sentence was highest when conpared to
lal, /il and /u/. In the case of dysphonic fermales the nean
val ue for sentence was hi ghest when conpared to /a/, /i/ and
/u/ and the mean value for /u/ was |lower when conpared to

[ al and sentence.

The results of this paraneters has been discussed

under the parameter shinmrer in dB.

Noi se to Harnmonic Ratio (NHR):
The nean, SD and range for NHR are presented in the
tables XXI a, b, ¢ and d for nornmal males, fenales,

dysphonic mal es and fenal es respectively and in graph 21.

Table XXI a graph 21 (nn) and results of 't' test
revealed that there was significant difference at 0.01 |eve
between /a/ Vs /ul/, [al Vs Sentence, /i/ Vs Sentence and / u/
Vs Sentence for normal nales. (‘T scores were /al Vs
/u/=5.19, /al Vs Sentence=-16.1, and /u/ Vs Sentence=-9. 38,

/il Vs Sentence=-6.04).
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Table XXI b graph 21 (nf) and 'T' test results showed
that there was significant difference at 0.01 |level between
lal Vs [ul, [al Vs Sentence and /u/ Vs Sentence and no
significant difference between /a/ Vs /i/, /il Vs Sentence
and /i/ Vs /ul. (The 'T" scores were /al Vs /u/=3.03, /al Vs

Sentence=-17.07 and /u/ Vs sentence=-17.9).

For dysphonic males there was significant difference
at 0.01 level between /a/ Vs /ul/, [i/ Vs Sentence and /u/ Vs
Sentence and no significant difference between /a/ Vs [il,
/al Vs Sentence and /i/ Vs /ul/. (The 'T values were /al Vs

lul=2.75, /il Vs Sentence=-3.34 and /u/ Vs Sentence=-5.3).

It was evidenced fromTable XXI d and 'T' test results
that there was significant difference at 0.01 |level between
lal Vs Sentence, /i/ Vs Sentence and /u/ Vs Sentence, but no
significance difference between /a/ Vs /i/, [al Vs [ul/ and
/il Vs [ul. (The 'T" scores were /al/ Vs Sentence=-7.013, /i/
Vs Sentence=-6.81 and /u/ Vs Sentence=-8.158).

When conparing the nean values and 'T° values of NHR
for phonation of different vowels and sentence it was found
that the mean value of /u/ was greater when conpared to the
mean values of /a/, /i/ and sentence in mles & females

of both the groups.



106a

TABLE XXI (a): Show ng nmean, standard deviation and
range for normal males for the parameter noise to
harnmonic rati o.

VONELS
AND VEAN S. D. RANGE
SENTENCE
[ al 0. 137 0.021 0.0743 - 0.1947
[il 0. 142 0. 144 0.0511 - 1.466
[ ul 6. 48 2.17 2.295 - 12.767
sentence| 0.24 0. 057 0.1498 - 0.4153

TABLE XXI (b): Show ng mean, standard devi ation and
range for normal females for the paraneter noise to
harnmoni c rati o.

VONELS

AND VEAN S. D RANGE
SENTENCE

[ al 0.133 0. 061 0.0646 -|0.1677

[il 0. 263 1.36 0.0496 - |13

[ ul 6. 92 3.07 2.808 -|19.816
sentence| 0. 206 0. 048 0.1273 -]0.345
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TABLE XXI (c): Showi ng nean, standard deviation and
range for dysphonic nales for the paraneter noise to
harnonic rati o.

VONELS
AND MEAN S. D RANGE
SENTENCE
[al 0. 252 0. 197 0.0982 - 0.8245
[l 0.201 0.135 0.062 - 0.7112
[ ul 15. 88 10. 71 3.024 - 49.551
sentence| 0.287 0. 132 0.138 - 0.8459

TABLE XXI (d): Show ng nean, standard deviation and
range for dysphonic fenmales for the paraneter noise
to harnonic ratio.

VONELS
AND MEAN S D RANGE
SENTENCE
[al 0. 129 0. 042 0 - 0.254
[l 14. 02 8.82 4.066 - 46.341
[ul 13. 64 6.53 5.498 - 29.482
sentence| 0.224 0. 07 0.1437 - 0.5513
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It was also seen that the value of NHR increased in
bot h dysphonic nales and females when conpared to norma
mal es and females which is in agreement with the study done

by Kitajima (1981).

The increase in the value of NHR for phonation of the

vowel /u/ could be discussed as foll ows:

Unlike for phonation of other vowels, during the
phonation of /u/ lip sounding takes place. This results in
directing a streamof air directly on the mcrophone

resulting in an increase in the
noi se energy picked up by the mcrophone which eventually
i ncreases the value of NHR However for other vowels |Ilike
/i/ and /al there is a |ip spreading and an open nouth
position respectively which results in the novenment of the
air streamin different directions
c) and thereby only a fraction of it will be received by the

m crophone and eventually the NHR val ue goes | ow.

Voi ce Turbul ance Index (VTIl):

VTl nostly correlates with the turbulance caused by
inconmplete or |oose adduction of the wvocal folds. It
anal yses high frequency conmponents to extract an acoustic

correlate to "breathi ness"
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Table XXIl1 a and graph 22 (nm) and 'T" test reveal ed
that there was significant difference at 0.01 |evel between
lal Vs [il, lal Vs /ul, [al Vs Sentence, /i/ Vs /ul, il Vs
Sentence and no significant difference between /u/ Vs
Sentence. (The 'T" values were /a/ Vs [i/=-4.75, [al Vs
/u/=13.198, /al Vs Sentence=-6.7, /i/ Vs/u/=13.33, /il Vs
Sent ence =-5. 033).

Table XXII b and graph 22 (nf) and 'T test results
showed that there was significant difference at 0.01 |evel
between /a/ Vs /i/, [al Vs [ul, [al Vs Sentence, /i/ Vs [ul,
/ul Vs Sentence and at 0.05 |evel between /u/ Vs Sentence.
(‘T scores were /al Vs [il=-6.57, /al Vs [u/=8.29, /[al Vs
Sentence =-6.95, /i/ Vs /u/=12.11, /il Vs Sentence=-2.181

and /u/ Vs Sentence=-10. 66).

Fromtable XXIl ¢ and graph 22 (dn) and 'T  test
results there was significant difference at 0.01 |eve
between /a/ Vs /ul/, [i/ Vs [ul and /u/ Vs Sentence and no
significant difference between /a/ Vs /i/, [al Vs Sentence
and /i/ Vs Sentence. (The 'T" values were /a/ vs /[ul=7.085,

/1] Vs [u/=3.7 and /u/ Vs Sentence=-6.66).

Table XXII d and graph 22 (df) and results of 'T test

showed that there was significant difference at 0.01 |evel
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TABLE XXI'I (a): Showi ng nean, standard deviation
and range for nornal nmales for the paraneter voice
t ur bul ence i ndex.

VONELS
AND MEAN S D RANGE
SENTENCE
[ al 0. 051 0. 015 0. 0209 - 0.0972
[il 0. 066 0. 027 0.0162 - 0. 1829
[ul 0. 095 0. 011 0.0044 - 0. 3669
sentence| 0.117 0. 092 0.0208 - 0. 6949

TABLE XXI'l (b): Showing nean, standard deviation
and range for normal fermales for the paraneter voice
t urbul ence i ndex.

VONELS
AND MEAN S. D RANGE
SENTENCE
| al 0. 049 0. 018 0.0153 - 0. 1194
[l 0. 075 0. 033 0.154 - 0. 1618
[ul 0. 029 0. 015 0.0048 - 0. 1219
sentence| 0.089 0. 051 0.0304 - 0. 33
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TABLE XXIl (c) : Showing nean, standard deviation
and range for dysphonic nales for the paraneter voice
t ur bul ence i ndex.

VONELS
AND MEAN S.D RANGE
SENTENCE
lal 0.12 0. 088 0.0278 - 0.4035
[il 0.135 0.199 0.0216 - 1.068
lul 0. 0327 0. 016 0.006 - 0.0878
sentence| 0.145 0.123 0.0218 - 0.775

TABLE XXI'I (d): Show ng nean, standard deviation and
range for d sphonlc femal es for the par amet er voice
t ur bul ence |ndex

VONELS
AND MEAN S. D RANGE
SENTENCE
/al 0. 059 0. 021 0.0171 - 0.1131
[l 0. 054 0. 022 0.0149 - 0.1093
[ul 0. 024 0.011 0.0058 - 0.0437
sentence| 0.104 0. 0896 0.0321 - 0.4181
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between /a/ Vs /u/, /al vs Sentence, [i/ Vs [ul, [il Vs
sentence and /u/ Vs Sentence and no significant difference
between /a/ Vs /i/. (The 'T" scores were /a/ Vs /[ul=9.064,
/al Vs Sentence=-2.896, lil Vs [ul=7.24, lil Vs
Sent ence=-3.29, /u/ Vs Sentence=-5.353).

Wil e conparing the nean values and 'T  values of VTI
for phonation of different vowels and sentence it was found
that the nean values of /u/ and sentence were higher when
conpared to the nean values of /a/ and /i/. The nmean value
of /al was |ower when conpared to /i/, /u/ and sentence in
case of normal males. Incase of normal females the order of
increase in the nean VTl were /u/ (0.029, /a/ (0.049), /il
(0.075) and sentence (0.089). In the case of dysphonic nmal es
t he nean VTl of /u/ was |ower when conpared to /a/, /i/ and
sentence. In the case of dysphonic females the nean VTI of
/u/ was lower than that of /a/, /i/ and sentence and the
nmean val ue of sentence was hi ghest when conpared to /a/, /il

and / u/ .

Soft Phonation Index (SPl):
The nmean, SD and range of the SPI are presented in
Table XXI'lla, b, ¢, and d for nornmal nales and females and

dysphonic mal es and fenal es respectively and in graph 23.
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For normal males, table XXIIl a and graph 23 (nnm) and
result of '"T" test revealed that there was significant
difference at 0.01 | evel between /a/ Vs /ul, /il Vs [ul, [ul
Vs Sentence and /i/ Vs Sentence and at 0.05 |evel between
/[ al Vs Sentence but no significant difference between /a/ Vs
[i/. (The 'T  scores were /al Vs [ul=14.9, / al Vs
Sentence=2.11, /i/ Vs Sentence=-2.93, /i/ Vs /u/=-16.783 and
[/ ul Vs Sentence=15. 95).

For normal females, table XXIIl b and graph 23 (nf)
and 'T" test showed that there was significant difference at
0.01 level between /a/ Vs /i/, [al Vs /lul, il Vs [ul, [ul
Vs Sentence and at 0.05 |evel between /i/ Vs Sentence and no
significant difference between /a/ Vs Sentence. (The 'T
values /al Vs [il=4.04, [al Vs [ul=-10.095, lil Vs
lul =-12. 25, lil Vs Sent ence=-5. 958 and [ ul Vs

Sent ence=10. 6) .

It was evidenced from table XXIII ¢ and graph 23
(dm and results statistical analysis that there was
significant difference at 0.01 |level between /a/ Vs /ul/, [il
Vs /ul/ and /u/ Vs Sentence and no significant difference
between /a/ Vs /i/, /al vs Sentence and /i/ Vs Sentence.
(The '"T" values were /a/ Vs /u/=-11.22, /il Vs /[ul=-10.44,
and /u/ Vs Sentence =11.4).
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TABLE XXII'l (a): Show ng nean,, standard devi ation and

range for normal males for the paraneter soft phonation
i ndex.

VONELS
AND VEAN S. D RANGE
SENTENCE
[ al 9. 08 5.25 2.7394 - 29.542
[il 5.94 4. 027 1. 0026 - 18.591
[ ul 38. 49 17. 956 3.6897 - 95.177
sentence| 7.64 3.79 2.597 - 21.34

TABLE XXI'I'l (b): Show ng nean, standard devi ation
and range for nornmal females for the paranmeter soft
phonati on i ndex.

VONELS
AND VEAN S. D RANGE
SENTENCE
[ al 8.54 6. 045 1.2572 - 42.1145
[il 5. 027 5.61 0.1786 - 36.4362
[ ul 39. 27 25. 93 4.4584 - 134.649
sentence| 9.75 5.02 2.6874 - 23.7522
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TABLE XXI'I'l (c): Showing nean, standard deviation
and range for dysphonic males for the parameter soft
phonati on i ndex.

VONELS
AND VEAN S. D RANCE
SENTENCE
[ al 10. 23 5.06 2.073 - 24.2442
lil 11. 11 10. 33 0.0549 - 56.1936
[ ul 52. 27 27. 07 17.5073 - 148. 67
sentence| 9.45 54 2.9512 - 24.935

TABLE XXI'I'| (d): Show ng nean, standard devi ation and
range for dysphonic fermales for the paraneter soft
phonati on i ndex.

VOVELS
AND VEAN S. D. RANGE
SENTENCE
[ al 12. 2 6. 32 3.5879 - 27.3431
[il 9. 67 6. 94 1. 7537 - 24.7756
[ ul 58. 45 34.59 19. 075 - 180. 372
sentence| 10.55 4. 59 4.1206 - 24. 2507
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The table XXIIl d and graph 23 (df) and 'T  test
results showed that there was significant difference at 0.01
| evel between /a/ Vs /fu/, [i/l vs /ul, and /u/ Vs Sentence,
but no significant difference between /a/ Vs [i/l, [al Vs
Sentence and /i/ Vs Sentence. (The 'T' scores were /al Vs

lul=-7.89, /il Vs /u/l=-8.3 and/u/ Vs Sentence= 8. 23).

In the present study, when conparing the nmean val ues
and 'T" values of SPI for phonation of different vowels and
sentence, it was forned that in the case of nornmal females
the mean values of /i/ was |esser when conpared to /al,
/ul/ and Sentence. The nmean value of /u/ was highest when
conpared to /a/, /i/ and sentence. In the cases of dysphonic
mal es and fenal es the nean value of /u/ was highest when

conpared to /a/, /i/ and sentence.

The increase in the value of SPI for phonation of the

vowel /u/ could be discussed as foll ows.

Unli ke for phonation of other vowels, during the
phonation of /u/ lip rounding takes place. This results in
directing a streamof air directly on the mcrophone

resulting in an increase in the noise

energy picked up by the mcrophone whi ch eventual |l y
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i ncreases the value of SPI. However, for other vowels |Iike
/il and /a/ there is lip spreading and an open nouth
position respectively which results in the novenent of the
air streamin different directions

and thereby only a fraction of it will be received by the

m crophone and eventually the SPI val ue goes hi gh.

Frequency Trenor Intensity Index (FTRI):

It is defined as the average ratio of the frequency
magni tude of the nbst intensive Ilow frequency nodulating
conponent to the total frequency magnitude of the analyzed
voi ce signal. The nean, SD and range are presented for
normal mal es, normal females, dysphonic males and dysphonic
females in tables XXIV a, b, ¢c and d respectively and in

graph 24.

For normal males and fermales, tables XXIV a and b and
results of 'T" test revealed that there was significant
difference at 0.01 |evel between /a/ Vs Sentence, [i/ Vs
Sentence and /u/ Vs Sentence, but no significant difference
for fal Vs /[il, lal Vs /ul/ and /i/ Vs [u/. (The 'T values
were /al Vs Sentence=-17.88, /i/ Vs Sentence=-17.69, /u/ Vs
Sent ence=-27.02) .
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TABLE XXIV (a): Show ng nmean, standard deviation and
range for normal males for the parameter frequency
ternor intensity index.

VONELS
AND VEAN S. D RANGE
SENTENCE
[ al 0. 338 0. 147 0.058 - 0.823
lil 0. 377 0. 133 0.048 - 0.745
[ul 0.42 0.23 0.066 - 0.359
sentence| 3.79 1.74 0.473 - 10.505

TABLE XXI'V (b): Show ng mean, standard devi ation and
range for normal fenales for the paraneter frequency
trenor intensity index.

VONELS
AND MEAN S. D RANGE
SENTENCE
[ al 0. 281 0.134 0.074 - 0.8
lil 0. 29 0. 16 0.035 - 1.302
[ ul 0. 28 0. 119 0.07 - 0.991
sentence| 4.44 2.13 0.779 - 10. 466
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TABLE XXI'V (c): Show ng nean, standard deviation and
range for dysphonic nmales for the paranmeter frequency
trenor intensity index.

VONELS
AND MEAN S. D RANGE
SENTENCE
/al 1.73 2.34 0.15 - 11.17
[l 1.84 3.29 0.113 - 14.793
[ ul 1. 69 3.39 0.131 - 19.122
sentence| 4.73 2.36 1.304 - 11.918

TABLE XXIV (d): Show ng nean, standard deviation and
range for dysphonic fenmales for the paraneter frequency
trenor intensity index.

VONELS
AND MEAN S.D RANGE
SENTENCE
/al 0. 499 0. 397 0.088 - 1.851
[/ 0. 498 0. 338 0.078 - 1.682
[ ul 1. 038 2.27 0.115 - 11.598
sentence| 4.422 1. 86 1.114 - 9. 596
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Even for the dysophonic mles and fermales it was
evi denced fromthe tables XXIV ¢ and d and graph 24 (dm and
df) and 'T" test that the results were simlar to that of

nornmal nal es and fennl es.

In the present study, while conparing the nean val ues
and 't' values of FTRI for phonation of different vowels and
sentence it was indicated that for normal nales and females
the nmean val ue of sentence was hi ghest when conpared to /a/,
/il and /u/. Simlar findings were seen in the dysphonic

mal es and fenal es.

The results in this paraneter has been discussed

under the paraneter FFTR

Amplitude Trenor Intensity Index (ATRI):

The nmean, SD and range for ATRI are presented for the
four groups ie normal males, normal femnales, dysphonic males
and dysphonic fenmales in tables XXV a, b, c and d

respectively and in graph 25.

Table XXV a graph 25 (nm and 'T test showed that
there was significant difference at 0.01 |level between /a/

Vs /ul/, [al Vs Sentence, /i/ Vs Sentence and / u/ Vs Sentence
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Showi ng nean,

standard devi ati on and

range for normal males for the paranmeter anplitude
tremor intensity index.
VOVNELS
AND MEAN S. D. RANGE
SENTENCE
/ al 3.32 2.23 0.369 - 13.376
lil 3. 06 1. 405 0.671 - 6.862
[ ul 2.62 1. 37 0.41 - 6.344
sentence| 20.2 5.81 6.59 - 35.166

TABLE XXV (b):

Show ng nean,

standard devi ati on and

range for normal fenales for the paranmeter anplitude
tremor intensity index.
VOVNELS
AND MEAN S. D RANGE
SENTENCE
I al 3.39 2. 03 0.79 - 12.027
[il 2.24 1.59 0 - 7.519
lul 2.28 1.48 0.1 - 7.356
sentence| 20.44 6. 048 5.973 - 35.692
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TABLE XXV (c): Showing nean, standard deviation and
range for dysphonic nmales for the paranmeter anplitude
tremor intensity index.

VONAELS
AND MEAN S. D RANGE
SENTENCE
[ al 7. 66 6. 88 0.895 - 31.46
[il 7. 804 6. 69 1.206 - 30.653
[ul 5. 73 5.26 0.503 - 28.796
sentence| 18. 66 5. 86 7.338 - 28.004

TABLE XXV (d): Showing nean, standard deviation and

range for dysphonic females for the paranmeter anplitude
trenor intensity index.

VONAELS
AND VEAN S. D RANGE
SENTENCE
[ al 7.31 6. 14 0.923 - 25.036
[il 5.72 5.36 1.536 - 26.118
[ul 4.14 3.28 0 - 13.365
sentence| 19.71 5.49 8.905 - 32.714
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and no significant difference between /a/ Vs /i/ and /i/ Vs
ful/. (The 'T" values were /a/ Vs [/ul = 2.395 [al Vs
Sentence=-24.95, /i/ Vs Sentence=-26.3 and /u/ Vs Sentence

=-27.02).

Table XXV b and graph 25 (nf) and results of
statistical analysis revealed that there was significant
difference at 0.01 |evel between /a/ Vs [i/, [al Vs lul, [al
Vs Sentence, /i/ Vs Sentence and /u/ Vs Sentence, and no
significant difference between /i/ Vs /fu/. (The 'T  values
were /al Vs [il= 3.7, / al Vs  /ul=3. 66, / al Vs
Sent ence=- 24. 05, [l Vs Sent ence=- 26. 36, [ ul Vs

Sent ence=- 26. 43) .

Table XXV ¢ and d and graph 25 (dm and (df) and
results of 'T" test revealed that there was significant
difference at 0.01 |evel between /a/ Vs Sentence, [i/ Vs
Sentence and /u/ Vs Sentence and no significant difference
between /a/ Vs /i/, /al Vs /ul and /i/ Vs /ul/. (‘T values
were /al Vs Sentence=-8.23, /i/ Vs Sentence=-8.31, /ul/ Vs

Sent ence=-11. 2 for dysphonic mal es).

For dysphonic fenmales there was significant difference
at 0.01 |level between /al/ Vs /u/=2.5, [al Vs Sentence=-8. 49,
/il Vs Sentence=-10.24 and /u/ Vs Sentence-13.61 and no

significant difference between /a/ Vs /i/ and /i/ Vs [ul.
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Conparison of the nean and 'T  values of ATR for
phonation of different vowels and sentence indicated that in
normal males the nean value of ATRI of /u/ was |esser when
conpared to /a/, [i/ and sentence. The nean value of
sentence was hi ghest when conpared to/a/, /i/ and /u/. In
the case of nornmal females the nmean values of /i/ and /u/
were | esser when conpared to /a/ and sentence. The nean
val ue of sentence was hi ghest when conpared to /a/, /i/ and

[ul.

In the cases of dysphonic nales and females the nean
val ue of sentence was hi ghest when conpared to /a/, /i/ and

[ful.

The result of this paraneter has been di scussed under

Fo Trenor Frequency (FFTR).

Degree of Voice Breaks (DVB):

It is defined as ratio of the total Ilength of areas
representing voice breaks to the time of the conplete voice
sanple. It nmeasures the ability of the voice to sustain
uninterrupted voicing. The normative threshold is zero
because a normal voice during the task of sustained voice,

shoul d not have any voice break areas.
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The mean, SD and range for DvB for normal males,
normal females, dysphonic males and dysphonic fermales are
presented in the table XXVI a, b, c and d respectively and

in graph 21.

Table XXVI a and b graph 26 (nmand nf) showed that
there was di fference bet ween vowel s and sent ence.
Application of 'T' test revealed that there was significant
di fference between vowels and sentence ie between /a/ Vs
Sentence, /i/ Vs Sentence and /u/ Vs Sentence, but there 1is
no significant difference between the vowels is /al vs [il,

fal Vs /ful and /i/ Vs [ul.

I n dysphonic males and females (tables XXVI ¢ and d
and graph 26 dm df) the results were simlar to that of

normal males and fennl es.

VWi | e conparing the nmean values and 'T" values of DVB
for phonation of different vowels and sentence it was found
that the nean value of DVB for sentence was higher than that
for phonation of vowels in cases of normal nmles and
femal es. However, in the cases of dysphonic males and
femal es the nmean values of DVB for phonation and sentence

wer e hi gher when conpared to norrmal mal es and fenmal es.
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TABLE XXVI (a): Show ng nean, standard deviation and
range for normal nales for the paraneter degree of
voi ce breaks.

VONELS

AND VEAN S. D RANGE
SENTENCE

[ al 0 0 0

[l 0 0 0

[ ul 0 0 0
sentence| 6.48 7.36 0 - 34.76

TABLE XXVI (b): Show ng nean, standard devi ati on and
range for normal fenmales for the paraneter degree of
voi ce breaks.

VOWNELS

AND VEAN S. D. RANGE
SENTENCE

[al 0 0 0

[il 0.04 0.38 0O - 3.588

[ul 0 0 0
sentence| 9.334 6.34 0O - 38.692
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TABLE XXVI (c): Show ng nean, standard devi ationand
range for dysphoni c nmal es for the paraneter degree of
voi ce breaks.

VONELS
AND MEAN S. D. RANCE
SENTENCE
|/ al 2.84 9. 14 0 - 49.507
[l 2. 05 5. 65 0 - 25.84
[ul 2.54 9. 66 0 - 45.378
sentence| 12.1 17.33 0 - 73.797

TABLE XXM (d) : Show ng nean, standard devi ation and
range for dysphonic fenal es for the paraneter degree
of voi ce breaks.

VONELS
AND MEAN S D RANGE
SENTENCE
/| al 2. 27 8. 55 0 - 37.493
[l 0. 009 0. 053 0 - 0.318
[ ul 0 0 0
sentence| 10.17 7. 87 0 - 35.688
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In the cases of dysphonic males and fenmales the nean

value of DVB for sentence was higher than for phonati on.

The results of this paraneter can be discussed as

foll ows:

It was seen that the "degree of voice breaks" in
normal males and females were nore in sentence than in
phonation. This could be due to the presence of pause in the
speech sanple which increases the value of degree of voice

breaks in sentence but it is not so in case of phonation.

In the case of dysophonic nmales and fenmales the
"degree of voice breaks" were higher in phonation and
sentence. This is because of the irregular vibration of the
vocal folds caused due to the pathol ogical conditions of the
| arynx. However, the nean val ue of "Degree of Voice breaks"
were higher in case of sentences due to the presence of

pauses in between in the sentence.

Degree of Sub Harnoni c Conponents (DSH):
It is defined as the relative evaluation of sub
harnonic to Fo conponents in the voice sanple. The nean, SD

and range for DSH are presented in the tables XXVIl a, b, c¢
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and d for normal males, normal females, dysphonic males and

dysphoni c fenal es.

| nspection of the tables XXVIl a and b and graph (27)
(nmand nf) showed that /a/ and /i/ had |ower 'degree of sub

har noni cs' val ues when conpared to /u/ and sentence.

In the cases of dysphonic nales and females the
nmean values /a/ and /u/ were highest when conpared to /i/
and sentence. The nean value of /i/ was |owest when conpared
to/al, /ul and sentence. However the nean value of this

parameter was higher in dysphonic than in nornmals.

Degree of Voicel ess (DUV):

DW is the estimted relative evaluation of non-
harnmonic areas in the voice sanple. Table XXVill a, b, c,
and d represents the nmean, SD and range of DU/ for nornal

mal es and femal es, dysphonic mal es and fenal es.

Tables XXVIIl a and b and graph 28 (nm (nf) and 'T
test result revealed that there was significant difference
at 0.01 |evel between /a/ Vs sentence, /i/ Vs sentence and
/ul Vs sentence and no significant difference between /a/ Vs
[il, lal Vs [ul and /i/ Vs [ul for both normal nmales and

females. (T values were /a/ Vs Sentence=-84.77, [il Vs
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TABLE XXVI1 (a): Showi ng nmean, standard deviation and
range for normal males for the paraneter degree of sub-
har nmoni ¢ conponents.

VONELS
AND MEAN S. D RANGE
SENTENCE
/al 0.013 0. 13 0 - 1.149
[l 0.013 0.12 0 - 1.149
[ul 0. 156 0. 964 0 - 6.897
sentence| 0.127 0.72 0 - 5.405

TABLE XXVIl (b): Show ng mean, standard deviation and
range for normal fermales for the parameter degree of
sub- har noni ¢ conponents.

VONELS
AND MEAN S. D RANGE
SENTENCE
[ al 0.078 0. 36 0-2 .195
[il 0.077 0. 38 0-2 .299
[ ul 0.12 0. 49 0- 3 .448
sentence| 0.835 1.81 0-8 .333
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TABLE XXVI'1 (c): Show ng nmean, standard deviation and
range for dysphonic males for the paraneter degree of
sub- har noni ¢ conponent s.

VONELS
AND MEAN S. D RANGE
SENTENCE
| al 3.44 7.27 0 - 31.944
[il 1.5 3.62 0 - 16.901
[ul 3.45 7.12 0 - 39.08
sentence| 2.86 5.75 0 - 23.81

TABLE XXMI'I (d): Show ng nean, standard deviation and
range for dysphonic fenales for the paraneter degree of
sub- harnoni ¢ conponents.

VONELS
AND MEAN S.D RANGE
SENTENCE
/al 2.54 7.11 - 39. 286

0
[ 4. 65 12. 38 0 - 45.977
[ ul 3.35 6. 28 0 - 24.138
sentence| 1.39 2.34 0 - 8.333
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sentence=-84.93, /u/ Vs sentence=-84.89 for nornmal mal es and
[ al Vs sentence=-64.199, /i/ Vs sentence=-64.18 and /u/ Vs

sentence=-64.14 for normal femles).

For dysphonic males (Table XXVIII ¢ and graph 28 (dn
and 'T" test showed that there was significant difference at
0.05 level between /a/ Vs /i/ and 0.01 level between /a/ Vs
/ul, [al Vs sentence, /i/ Vs sentence and /u/ Vs sentence.
(The ' T values were /al vs /i/=2.107, [al Vs [ul=2.764, [ al
Vs Sentence=-9.87, [i/ Vs Sentence=-17.71 and /u/ Vs
sentence=-20.9). There was no significant difference between

il Vs [ul.

For dysphonic females (Table XXVIIl1) d and graph 28
(df) and 'T" test results showed that there was significant
difference at 0.05 level between /a/ Vs /u/ and at 0.01
| evel between /a/ Vs Sentence, /i/ Vs Sentence, and /u/ Vs
Sentence and no significant difference between /a/ Vs /il
and /i/ Vs ful/. (T scores were /al/ Vs [ul/=2.3, [al Vs
Sentence=-22.77, [il Vs Sentence=-32.01 and /u/ Vs

Sent ence=-33. 35) .

VWil e comparing the nmean values and 'T values of DWW
for phonation of different vowels and sentence it was found

that in normal mal es and fenal es the nean value of sentence
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TABLE XXVII1 (a): Show ng nean, standard devi ation
and range for normal nmales for the paranmeter degree
of voicel ess.

VONELS
AND VEAN S. D RANGE
SENTENCE
[al 0. 076 0. 38 0 - 2.299
[il 0. 026 0.17 0 - 1.149
[ ul 0. 038 0. 208 0 - 1.149
sentence| 64.66 7.22 48.5 - 79.31

TABLE XXVI'I1 (b): Showi ngnean, standard deviation and

range for normal fenales for he paraneter degree of
voi cel ess.

VONELS
AND VEAN S. D RANGE
SENTENCE
[ al 0 0 0
lil 0. 013 0.12 0 - 1.149
[ul 6. 79 13.8 0 - 56.322
sentence| 59.84 8.84 31.579 - 73.75
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TABLE XXM || (a): Showing neat , standard deviation
and range for normal males for the parameter degree
of voi cel ess.

VONELS
AND MEAN S. D RANCE
SENTENCE
[ al 0. 076 0. 38 0 - 2.299
[l 0. 026 0.17 0 - 1.149
[ul 0. 038 0. 208 0 - 1.149
sentence| 64. 66 7.22 48.5 - 79.31

TABLE XXM I (b): Showi ng mean, standard deviation and
rangelfor normal females for the paraneter degree of
voi cel ess.

VONELS

AND MEAN S D RANGE
SENTENCE

/al 0 0 0

[l 0. 013 0. 12 0 - 1.149

[ul 6.79 13.8 0 - 56.322
sentence| 59. 84 8. 84 31.579 - 73.75
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TABLE XXVII1 (c): Showi ng nean, standard deviation and
range for dysphonic males for the paraneter degree of
voi cel ess.

VOVNELS
AND VEAN S. D RANGE
SENTENCE
[al 18. 99 29.3 0 - 97.701
[/ 9.24 17.2 0 - 70.115
[ul 5.75 2.19 0 - 12.644
sentence| 62.62 13. 96 32.65 - 94.03

TABLE XXVI'1I (d): Showi ng mean, standard deviation and
range for dysphonic females for the paraneter degree of
voi cel ess.

VOVNELS
AND VEAN S. D RANGE
SENTENCE
[al 4. 37 9.65 0 - 37.931
[il 0. 995 3.45 0 - 19.737
[ul 0. 039 0.22 0 - 1.264
sentence| 56.72 9. 86 35 - 75.862
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was hi ghest when conpared to /a/, /i/ and /u/. In the case
of dysphonic males the nmean values of /u/ and /i / were |ower
when conpared to /a/ and sentence. The nean value for

sentence was hi ghest when conpared to /a/, /i/ and /u/.

In the case of dysphonic fermales the nmean value of
sentence was hi ghest when conpared to /a/, /i/ and /u/. The
nmean value of /u/ was |lowest when conpared to /a/ and

sent ence.

The above results show that the degree of voiceless
was hi gher for sentence than in the phonation of vowels /a/,
/1] and /u/ in all the four groups normal males, nornmal
femal es, dysphonic males and dysphonic females. This s
because of the presence of pauses in between the words in

t he speech sanple but in phonation this is not so.

Nunber of Voice Breaks (NVB):

NVB is the nunber of tines the fundanental period was
interrupted during the voice sanple. The mean, SD and range
are presented in the table XXIX a, b, ¢, and d respectively

and in graph 29.

Table XXI X a and b and graph 29 (nm and (nf) showed

that there was di fference between vowel s and sentence. The
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TABLE XXI X (a): Showi ng nean, standard devi ati on and
range for normal nmales for the paraneter nunber of
voi ce breaks.

VONELS
AND MVEAN S. D RANGE
SENTENCE
|/ al 0 0 0
lil 0 0 0
/ul 0 0 0
sentence| 0.133 0. 88 0-8

TABLE XXI X (b): Showi ng nmean, standard devi ati on and
range for normal fenales for the paraneter nunber of
voi ce breaks.

VONELS
AND MEAN S D RANGE
SENTENCE
[al 0 0 0
[l 0 0 0
[ul 0 0 0
sentence| 1.73 0.93 0-4
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TABLE XXI X (a): Showi ng mean, standard devi ation and
range for normal males for the paraneter nunber of
voi ce breaks.

VONELS
AND VEAN S. D RANGE
SENTENCE
/ al 0 0 0
[/ 0 0 0
[ ul 0 0 0
sentence| 0.133 0. 88 0-8

TABLE XXI X (b): Show ng nean, standarddeviati onand
range for normal fenales for the paraneter nunber of
voi ce breaks.

VONELS
AND VEAN S. D RANGE
SENTENCE
| al 0 0 0
[/ 0 0 0
[ul 0 0 0
sentence| 1.73 0.93 0-4
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TABLE XXI X (c): Show ng nean, standard devi ation and
range for dysphonic males for the paraneter nunber of
voi ce breaks.

VONELS
AND MEAN S. D RANGE
SENTENCE
[al 0. 352 0.97 0-5
[/ 0.574 1.89 0 - 13
[ ul 0.64 1.87 0 - 38
sentence| 0.98 0.9 0-3

TABLE XXI X (d) : Showi ng nean, standard devi ati on and
range for dysphonic fenmal es for the paraneter nunber
of voi ce breaks.

VONELS
AND MEAN S. D RANGE
SENTENCE
[al 0. 138 0.351 0-1
[l 0. 027 0. 166 0-1
[ul 0 0 0
sentence| 1.61 1. 05 0-14
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voi ce break areas in the phonation of vowels were zero, but

in sentence it was present.

The above results can be di scussed as foll ows:

The nunber of voice break areas in the phonation of
vowel s were zero, but in sentence it was present. This 1is
because speech sanpl e has pauses in between the words which
i ncreases the value of "nunber of voice breaks" and this is

not so in the case of phonation.

In the case of dysophonic males and fenales the voice
breaks were present in phonation and sentence. This is due
to the irregular vibration of the vocal folds caused due to
t he pat hol ogi cal condition of the |larynx. However, the nean
val ue of "nunber of voice breaks" were higher in sentence
than in phonation which could be attributed to the reason

mentioned earlier.

Nurmber of Sub Harnonic Segnents (NSH):

The mean, SD and range of NSH are presented in the
tables XXX a, b, c, d, and graph 30. The inspection of the
tables XXX a and b and graph 30 (nm and (nf) showed that

for normal males and femal es the NSH val ues were negligible
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TABLE XXX (a): Show ng nmean, standard devi ation and
range for nornmal nales for the paraneter nunber of
sub- har noni ¢ segnent s.

VONELS
AND MEAN S. D RANGE
SENTENCE
[ al 0.01 0. 105 0-1
[il 0.011 0. 105 0-1
[ul 0.078 0.64 0O-6
sentence| 0.133 0. 88 0-8

TABLE XXX (b): Show ng nean, standard devi ation and
range for normal females for the paraneter nunber of
sub- har noni ¢ segnent s.

VONELS
AND MEAN S. D RANGE
SENTENCE
[al 0.24 1.09 0O - 8
[l 0. 067 0. 33 0- 2
[ul 0.14 0.59 0-4
sentence| 0.23 0. 052 0- 2
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TABLE XXX (c): Show ng nean, standard devi ation and
range for dysphonic nales for the paraneter nunber of
sub- har noni ¢ segnents.

VONELS
AND VEAN S. D RANGE
SENTENCE
[al 2. 07 5.24 0 - 25
[il 0.94 2.29 0 - 12
[ ul 2.6 5.81 0 - 34
sentence| 0.65 1.35 0-5

TABLE XXX (d): Show ng nean, standard deviation and
range for dysphonic females for the paraneter nunber
of sub-harnonic segnents.

VONELS
AND VEAN S. D RANGE
SENTENCE
[al 2.06 5.89 0 - 33
[l 4.03 10. 78 0 - 40
[ul 2.83 5.39 0- 21
sentence| 0.92 3.18 0 - 19
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for phonation of vowels /a/, /i/ and /u/ but for sentence it

was slightly higher.

In the cases of dysphonic nmales and fenales (Tables
XXX ¢ and d and graph 30 dm and df) the nean values of NSH
were higher for sentence and also for phonation of vowels
lal, i/l and /ul.

The above result can be discussed as foll ows:

The nmean values of NSH for dysphonics group were
hi gher than in normal group which could be due to irregular
vibratory pattern of the vocal folds, which is seen in
dysphoni cs which would result in nore than one frequency of
vibration at a given instance leading to an increase in the

val ue of no. of subharnonic segnents.

Nunber on Unvoi ced Segnents (NW) %
NUV neasures the ability of the voice to sustain

uni nterrupted voi ci ng.

Table XXXI a and b and graph 31 (nn) and (nf) and 'T
test revealed that there was significant difference between
/al Vs Sentence, /i/ Vs Sentence and /u/ Vs Sentence and no
significant difference at .01 level between the vowels (ie)

lal Vs /il, lal Vs /ul and/i/ Vs /ul/. (The 'T' scores were
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TABLE XXXI (a): Show ng nmean, standard deviation and
range for normal males for the paraneter nunber of
unvoi ced segnents.

VONELS

AND MEAN S. D RANGE
SENTENCE

/ al 0. 067 0.33 0- 2

[l 0. 022 0.15 0-1

[ ul 0. 044 0. 26 0- 2
sentence, 54.9 59. 27 28 - 607

TABLE XXXI (b): Show ng nean, standard devi ati on and
range for nornal fenales for the paraneter nunber of
unvoi ced segnents.

VONELS
AND MEAN S. D RANCE
SENTENCE
/al 0 0 0
[l 0.01 0. 105 0-1
[ ul 0. 033 0.18 0-1
sentence| 43.9 11.6 12 - 63




122b

TABLE XXXI (c): Show ng nean, standard devi ati on and
range for dysphonic nmales for theparaneter nunber of
unvoi ced segnents.

VONELS
AND MEAN S. D RANGE
SENTENCE
/ al 16. 4 25.5 0 - 85
[l 7.94 14. 97 0 - 61
[ ul 5.9 12. 01 0 - 49
sentence| 40. 26 15. 49 16 - 78

TABLE XXXI (d): Show ng nmean, standard devi ation and
range for dysphonic femal es for the paraneter nunber
of unvoi ced segnents.

VONELS
AND MEAN S.D RANGE
SENTENCE
/ al 3.75 8.37 0 - 33
lil 0. 806 2. 67 0 - 15
[ ul 0.53 1.91 0- 11
sentence| 40.22 14. 28 14 - 66
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/al Vs Sentence=-8.71, /il Vs sentence=-8.72, [ul/ Vs
sentence=-8.71 for normal males and /a/ Vs sentece =-35.88,
/il Vs sentence=-35.87 and /u/ sentence=-35.85 for norm

femal es).

| nspection of table XXXI ¢ and d and graph 31 (dn) and
(df) and results of 'T test showed that there was
significant difference at 0.05 |level between /a/ Vs /i/, and
at 0.01 level between /al/ Vs /ul, /al Vs sentence, /il Vs
sentence and /u/ Vs sentence for both dysphonic nales and
females.(The 'T° values were /al/ Vs [il=2.113 /al Vs
lul=2.75, [al Vs sentence=5.87, /i/ Vs Sentence=-11.02, /ul/
Vs Sentence=-12.88, and for dysphonic males /a/ Vs /i/=2.01,
lal Vs [ul-2.25, / al Vs  Sentence=-13. 22, [l Vs
Sentence=-16.28 and /u/ Vs sentence=-16.54 for dysphonic

fenal es).

In the present study, while conparing the nean val ues
and 'T" values of NUV for phonation of different vowels and
sentence it was indicated that in the case of normal males
and fermal es the nean value of sentence was highest when
conpared to /al/, /i/ and /u/. However, in dysphonic nales
and females the nean values of /i/ and /u/ were |ower when
conpared to /a/ and sentence. The mean val ue of sentence was

hi ghest when conpared to /a/, /i/ and /u/.
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The above results can be discussed as follows. It was
seen that the "nunber of unvoiced segnents in normal nales
and fenmales were nore in sentences than in phonation. This
could be due to the presence of pause in the speech sanple.
Wi ch increases the value of nunber of unvoiced segnents and

this is not so in the case of phonation.

In the case of dysphonic nales and fenmales the
unvoi ced segnents are even present in phonation and sentence.
This is because of the irregular vibration of the vocal
folds caused due to the pathological condition of the
| arynx. However the value of "nunber of wunvoiced segnents”
were higher in case of sentences due to the presence of

pauses in between in the sentence.

Total Nunber of Segnents (SEQG):

The nean, SD and range are presented in tables XXXI
a, b, cand d and in graph 32 for normal males, norma

femal es, dysphonic nmal es and dysphonic fenal es respectively.

| nspection of tables XXXII a and b graph 32 nmand nf
and the results of 'T test showed that there was

significant difference at 0.01 Ilevel between vowels and
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TABLE XXXI'l (a): Showi ng mean, standard devi ation and
range for normal males for the paranmeter total nunber
of segnents.

VOWNELS
AND VEAN S. D. RANGE
SENTENCE
[al 86. 93 0.39 84 - 87
[il 86. 955 0. 39 85 - 87
[ul 86. 98 0.211 58 - 87
sentence| 74.96 9.52 51 - 87

TABLE XXXI'I (b): Showi ng mean, standard devi ati onand
range for normal fenmales for the paraneter total nupber
of segnents.

VOWNELS
AND VEAN S. D RANGE
SENTENCE
[ al 86. 98 0.15 86 - 87
[il 86. 95 0. 275 85 - 87
[ul 86. 98 0. 148 86 - 87
sentence| 72.32 12. 14 38 - 87
+ Nh- t-
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TABLE XXXI'l (c): Show ng nean, standard deviation and
range for dysphonic nales for the paraneter total nunber
of segnents.

VONELS
AND MEAN S. D RANGE
SENTENCE
/ al 69. 89 8.01 49 - 87
[il 85. 59 5. 82 58 - 87
[ ul 86. 94 5. 82 85 - 87
sentence| 62.96 14. 68 42 - 87

TABLE XXXI'I (d): Show ng nean, standard deviation and
range for dysphonic fermales for the paraneter total
nunber of segnents.

VONELS
AND MEAN S D RANCGE
SENTENCE
/al 86. 03 4,03 64 - 87
[/ 86.7 1.83 76 - 87
[ ul 87 0 87 - 87
sentence| 68.97 14. 98 40 - 87
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sentence (the 'T° value going as high as 11.5 to 12) in the
cases of both normal males and normal fermales. The simlar
results were observed in the cases of dysphonic nmales and

f emal es.

This can be di scussed as foll ows:

The maxi mum | ength of the sanple which can be captured
on the screen using MDVP software is 2.75 secs and the MDVP
software anal yses this sanple in segnments of 0.0316 sec (ie)
it analysis 0.0316 secs of sanple at a given instance.
Hence, it can anal yse a nmaxi num of 87 segnents from a 2.75
secs signal. During phonation if there is no voice breaks in
between then a full screen of signal (ie 2.75 secs of
signal) is captured on the screen, whereas, in speech ow ng
to voice breaks, rate of speech which varies fromindividua
to individual and the length of the sentence which was only
trisyllabic (/alli//gaidi//lide/) the sanple never occured
for the full screen (ie for 2.75 secs). Hence, the nunber of
segnments should also be Ilesser. Thus reduced nunber of
segnments was observed for sentence alone in all the four
groups ie., normal males, normal females, dysphonic nmales

and dysphonic fenmal es.
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Nunber of Pitch Periods (PER):

It is the nunber of pitch periods detected during the
voi ce sanple. The nean, SD and range are presented in the
tables XXXIIl a, b, ¢, and d and graph (33) for norm
mal es, normal femal es, dysphonic males and dysphonic femal es

respectively.

The inspection of table XXXIIl a and the results of
"T" test showed that there was significant difference at
0.01 level between /al/ Vs /[i/, lal Vs lul, [al Vs Sentence,
/il Vs Sentence and /u/ Vs Sentence and no significant
di fference between /i/ Vs /u/. (The 'T" scores were /al Vs
li/=-3.11, /al Vs /u/=-3.9, /al Vs sentence=37.23, /[i/ Vs
Sent ence-30.53 and /u/ Vs Sentence=34.5).

Table XXXI'Il b and 'T  test results revealed that
there was significant difference at 0.05 level between /i/
Vs /fu/ and at 0.01 Ilevel between /a/ Vs /[ul, [al Vs
sentence, /al Vs /i/l, il Vs Sentence and /u/ Vs sentence.
(The 'T" scores were /al Vs [il=-4.322, [al Vs /[ul=-6.89,
/al Vs Sentence-58. 147, lil Vs /ul=-2.16, [l Vs

sentence=58.25 and / u/ Vs sentence=64. 85).

It was evidenced fromthe tables XXXIIl, ¢ and d and

graph (33) (dm, (df) and 'T  test that there was
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TABLE XXXI'I'l (a): Showi ng mean, standard devi ation and

range for normal males for the paraneter nunmber of pitch
peri ods.

VONELS
AND MEAN S. D RANGE
SENTENCE
[ al 352.42 49. 73 274 - 475
[il 381.6 73. 8 261 - 767
[ul 386. 16 65. 27 292 - 558
sentence| 126.3 29.1 45 - 199

TABLE XXXI'I'l (b): Show ng nean,, standard devi ati on and

range for normal females for the paranmeter nunber of
pitch peri ods.

VONELS
AND VMEAN S. D RANGE
SENTENCE
[ al 657.77 51.51 520 - 803
[il 696. 1 63. 18 538 - 800
[ ul 715. 49 56. 88 582 - 827
sentence| 219.9 44. 96 128 - 340
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TABLE XXXI'I'1 (c): Showi ng nean, standard deviation and
range for dysphonic males for the parameter nunber of
pitch peri ods.

VONELS
AND MEAN S D RANGE
SENTENCE
| al 347. 3 118. 2 88 - 689
[l 381.3 118.1 192 - 728
[ ul 394. 68 116. 87 245 - 737
sentence| 131.63 50.91 41 - 283

TABLE XXXI'I'I (d): Show ng mean, standard deviation and
range for dysphonic females for the paraneter nunber of
pi tch peri ods.

VONELS
AND MEAN S D RANGE
SENTENCE
/al 550. 1 130. 7 245 - 785
[l 617.1 144. 4 297 - 1032
[ ul 607 133. 89 309 - 841
sentence| 209. 56 55. 53 102 - 315
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significant difference at 0.05 | evel between /a/ Vs /u/ and
at 0.01 level between /al/ Vs Sentence, /i/ Vs Sentence and
/ul/ Vs Sentence and no significant difference between /a/ Vs
/1] and /i / Vs [ul for dysphonic males. (The 'T scores were
lal Vs [ul=-2.08, /al Vs Sent ence=12. 31, il Vs
Sentence=14.27, [/ul/ Vs Sentence=15.05). For dysphoni c
femal es, there was significant difference at 0.05 |Ievel
between /a/ Vs [/i/ and at 0.01 Ilevel between /al Vs
Sentence, /i/ Vs Sentence and /u/ Vs Sentence. (The 'T
values were /a/ Vs [il=-2.87, [al Vs Sentence=14.39, /i/ Vs
sentence=15.81, and /u/ Vs sentence=16.45. There was no

significant difference between/a/ Vs /u/ and /i/ Vs [ul).

When conparing the nean values and 'T  values for
phonation of different vowels and sentence of PER in the
present study, it was found that in normal nales the nean
val ues of sentence was | owest when conpared to /a/, /i/ and
[u/. The nean values of /[/i/ and /u/ were highest when
conpared to /a/ and sentence. In the case of normal fenales
the nean PER value increase in the order of sentence

(219.9), /al (657.77) /il (696.1) and /u/ (715.49).

In the case of dysphonic males the nean value of

sentence was | owest when conpared to /a/, /i/ and /u/ and
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the nean value of /a/ was |ower when conpared to /u/ and
sentence. However, in the case of dysphonic femal es the nean
val ue of sentence was | owest when conpared to /a/, /[/i/ and
/u/ and the nean values of /u/ was highest when conpared to

[ al and sentence.

The nmean value of pitch periods were nore for the
phonation of vowels /a/, /i/ and /u/ than for the sentence
in all the four groups (ie., normal males, normal fenales,
dysphonic males and dysphonic females). This could be
attributed to two reasons 1. In the case of phonation there
IS continuous voicing but sentence/ speech sanple has pauses
i nbetween. 2. This can also be related to the length of
speech sanple used. In the present study only trisyllabic

sentence was used. (/ali/ga:di//idel).

When conpared to nales (both normals and dysphonics)
the nmean values of PER were increased in females (both
normal s and dysphonics). This can be attributed to the
hi gher and |lower frequencies used by females and nales
respectively due to the increased and decreased frequency of

vocal fold vibration

These paraneters were subjected to di scri m nant

analysis so as to find the paraneters which would be hel pful
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in distinguishing between the follow ng four groups:
1. Normal males
2. Normal fenales
3. Dysphonic nal es
4

Dysphoni c fenual es.

The parameters which were considered weighted for
vowel /al/, wvowel [i/, vowel /ul and sentence for

differentiating the, groups are given bel ow.

Vowel /[ a/ Vowel /i /
1. Average Fundanental Fre- 1. Average fundanental
quency (Fo) frequency (Fo)
2. Phonatory Frequency Range 2. Lowest Fundanent al
(PFR) Frequency (Fl o)
3. Relative Average Perturba- 3. Average Pitch Period
tion (RAP) (To)

4. Snoot hed Anplitude Pertu- 4. Standard Devi ation of
rbati on Quotient (SAPQ Fo (STD)

5. Noise to Harnonic Ratio 5. Fo trenor frequency
(NHR) (Fatr)

6. Soft Phonation |Index (SPl) 6. Pitch Perturbation

Quotient (PPQ

7. Anplitude Trenor Intensity 7. Absolute jitter (Jita)

| ndex (ATRI)



8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

Average Pitch Period (To)

Absolute Jitter (Jita)

Shimrer in dB (Sh dB)

Co-efficient of peak
anplitude variation (VAM
Voice  Turbul ence | ndex
(VTI)

Fo- Tremor intensity index

Degree of Sub Harnonics
Component s (DSH)

Nunber of Sub  Harnonic
Segnents ( NSH)

Nunber of Voi ce Br eaks
(NVB)

Nunber of Segnents Conputed
(SEQ
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8.

9.

12.

13.

14.

15.

Co-efficient of varia-
tion in anplitude (VAVM
Co-efficient of
variation in frequency
(VFO

Voi ce Turbul ence | ndex
(VTI)

Soft Phonati on | ndex
(SPI)

Anplitude trenor inten
sity index (ATRI)
Nunber of subharnonic
segnments (NSH)

Nunber of Unvoi ced
Segnments (NWV)

Nurmber of Segnents
Conput ed (SEQ



10.

Vowel /[ u/

Average Fundanent al Fre-
guency (Fo)

Average Pitch Period (To)

H ghest Fundanent al Fre-
qguency (FH)
Lowest Fundanental Freque-

ncy (FLO
Phonatory Frequency Range
(PFR)

Fo trenor frequency (Fatr)

Absolute jitter (Jita)

Jitter

percent (Jit)

Pitch Perturbation Quotient

(PPQ

Co-efficient of fundanental

frequency variation (VFO
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10.

Sent ence
Aver age Fundanent al
Frequency (Fo)
Lowest Fundanent al
Frequency (FLO
Fo frequency trenor
(Fftr)
Lengt h of anal ysed
sanpl e (Tsam
Absolute jitter (Tita)
Rel ati ve average Per -
t ur bati on
(RAP )
Pitch Perturbation
( PPQ
Snmoot hed Pitch Per-

Quoti ent

turbation Quotient

( SPPQ

Co-efficient fundanen-
tal frequency vari a-
tion (VFO
Co-efficient of peak

anpl i tude variation

(VAM
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11. Shimer in dB (ShdB) 11. Anplitude Perturbation
Quotient (APQ

12. Shimer in percent (Shim 12. Soft Phonation | ndex
(SPI)

13. Snoothed Anplitude Pertu- 13. Shinmer in percent

rbati on Quotient (SAPQ (Shim
14. Voice turbul ence Index 14. Anplitude trenor
(VTI) frequency (Fatr)

15. Soft Phonation Index (SPI) 15. Degree of Voicel ess
16. Anplitude trenor intensity (DWV)
i ndex (ATRI)
17. Degree of Voi ce Br eaks
(DVB)
18. Degree of sub har nmoni ¢
segnents (DSH)
19. Degree of voiceless (DW)
20. Nunmber of Voi ce  Breaks
(NVB)
21. Total pitch period detected
(PER)

The follow ng paraneters were weighted for vowels /a/,
/1] and /u/ and sentence in differentiating the nornmals and
dysphoni cs:

1. Average fundanmental frequency (Fo)
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2. Average Pitch Period (To)

3. Lowest fundanental frequency (Flo)

4. Phonatory frequency range (PFR

5. Absolute jitter (Jita)

6. Anplitude trenor frequency (FAtr)

7. Relative average perturbation (RAP)

8. Pitch Perturbation Quotient (PPQ

9. Co-efficient of Fo variation (vFo)

10. Shimrer in dB (ShdB)

11. Shimmer (% (Shim

12. Co-efficient of peak anplitude variation (VAV
13. Snoot hed Anplitude Perturbation Quotient (SAPQ
14. Anplitude trenor intensity index (ATRI)

15. Voice trubul ence index (VTIl)

16. Soft phonation index (SPI)

17. Degree of Sub harnonics conponents (NVB)

18. Nunber of Voice breaks (NVB)

19. Nunber of sub harnonic segnents (NSH)

20. Degree of Voice less (DW)

21. Total nunber of segnents (SEQ

The results of discrimnant analysis showed that 85%
of cases were classified correctly ie., 13-15% of cases were

m sclassified as per scores shown by these subjects on
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twenty one paraneters considered for classification. The
w | ks lanbda for phonation of vowels is 0.037 and for
sentence is 0.067. This 13-15% of m scl assification or error
can be due to

i. Instrunmental error with anal ysing the data.

ii. Intra Subject Variability.



134a
study i nterns of significance of differences anong the vow es and

the present

Thus the results of

are

MDVP

of

paraneters

between the vowels and speech studied with reference to different

sumrerized in the table given bel ow

lilVslul lalVs SENTENCE /I1/Vs SENTENCE /U Vs SENTENCE

lal s/ ul

lalVslil

nm nf dm df nm nf dm df nm nf dm df nm nf dm df

nunf dm df

nm nf dm df
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LA e S I A R ELL:

di fference,
df =Dysphoni ¢ Fenal es

A = Absence of significant
dm = Dysphoni c Mal es;

Presence of significant difference;

P =
nm = Nor nal

Femal es;

nf = Nor mal

Mal es;
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SUMVARY AND CONCLUSI ON
In the present study "Milti-di nmensional voice prograne
Mbdel 4305" was used to acquire, analyse and display the
following thirty three voice paraneters from a single
vocal i zation. These extracted paraneters were avail able as a

nunerical file which was subjected to statistical analysis.

Frequency Paraneters:

1. Average fundanental frequency
2. Average pitch period
3. Highest fundanmental frequency
4. Lowest fundanental frequency
5. Standard Devi ation of Fo
6. Phonetory Fo range in sem tones
7. Fo trenor frequency
8. Absolute jitter
9. Jitter percent
10. Relative average perturbation
11. Pitch perturbation quotient
12. Snoot hed pitch peturbation quotient
13. Fo Trenor tensity index
14. Fundanental frequency variation

1. Intensity Paraneters:

15. Anplitude Trenor frequency
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16. Shinmmer in dB

17. Shimer percent

18. Anplitude perturbation quotient
19. Snoot hed anplitude perturbation
20. Peak anplitude variation

21. Anplitude trenor intensity index

I11. O her Paraneters:

22. Length of anal ysed sanple
23. Noise to harnonic ratio

24. Voice Turbul ence | ndex

25. Soft Phonation |ndex

26. Degree of Voice breaks

27. Degree of Sub harnonics

28. Degree of voicel ess

29. Nunber of voice breaks

30. Nunber of Subharnonic segments
31. Nunber of unvoiced segnents
32. Nunber of segnents conputed

33. Total pitch period detected.

Al the thirty three paranmeters were neasured in a
group of 60 normals (30 nales and 30 femal es) and a group of
30 dysphonics (18 males and 12 females). The results were
subjected to statistical analysis (T test and discrim nant

anal ysi s) using NCSS conputer programre.
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'"T" test results indicated the foll ow ng:

1. There is no significant differences between the
trails of vowels /a/, [i/, [/ul and sentence,
(/alli/ [ga:di/ [idel) I nterns of di fferent

par aneters.

2. There is significant difference between the vowels
fal, [il, /ul and the sentence interns of different

par anet ers.

3. There is significant difference between the males
and females in both normals and dysphonics interns

of different paraneters.

4. There is significant difference between the nornal
mal es and dysphonic males and nornmal fenales and

dysphonic females interns of different paraneters.

The discrim nant analysis showed that the follow ng
paranmeters were weighted in differentiating normals and
dysphonics with an error ranging from 13-15% and the wlk's

| anbda as |low as 0.03 to 0. 04.

1. Average fundanental fregeuncy

2. Average pitch period



10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

© ©® N o g » W
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Lowest fundanental frequency

Phonat ory Fo range

Anplitude Trenor frequency

Absol ute Jitter

Rel ati ve average perturbation

Pitch perturbation quotient

Shi nmer

in dB

Shi nmer per cent

Snoot hed Anplitude perturbation quotient

Peak anplitude variation

Voi ce turbul ence index

Soft phonation i ndex

Anplitude trenor intensity index

Degr ee
Degr ee
Degr ee
Nunmber
Nunber

Thi s

of
of
of
of

of

13-

voi ce breaks

subhar noni cs

voi cel ess

sub harnoni c segnents
segnent s conput ed

15% error may be due to

1. Instrunmental error which analysing the data

2. Intra subject variability

Recommendati ons for further Study:

1. These paranmeters may be studied wth different

| aryngeal pathologies before, during and after

therapy to find out the exact effect of therapy.
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2. O her paraneters (like aerodynamc paraneters) can

be considered and correlated with these paraneters

for further study.

3. More nunber of dysphonic subjects may be used for

further study.
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Thus the norm established based on the results of the present study for different
parameters of MDVP is given below.*
NORMATIVE THRESHOLD VALUES

Values got in the present study for vowel /a/

Parameters As given in Males Females
MDVP manual Mean Range Mean Range
for vowel /a/

Fo - 129.07Hz 100-173Hz 240.06Hz 190-293Hz
To - 1:9) 5.779-9.971 4.19 3.415-5.27
Fhi - 133.17Hz 106-180.4Hz 250.9Hz 194-526Hz
Flo - 123.42Hz 126Hz-169Hz 232 .69Hz 183-290Hz
Std = 2.36Hz 0.45-10.2Hz 2.08Hz 0.726-6.642Hz
Pfr & 2.077 1-5 2.077 1-7
semitones semi tones semi tones semi tones
FFTR = 2.75Hz 2.726-15.385 3.545Hz 1.05-14.286Hz
FATR - 2-306Hz 1.02-5.479Hz 2.287Hz 0-7.407Hz
Jsam - 2.735ec 01.568-2.75 2.75sec 2.725-2.75%
sec sec
Jita 83.2us 36.169us 9.79-125.527 24.53us 4.619-68.267us
Jitt 1.04% 0.654% 0.152-2.682% 0.663% 0.129-2.466%
Rap 0.68 0.384% 0.75-1.767% 0.398% 0.075-1.464%
PPQ 0.84% 0.381% 0.099-1.632 0.389% 0.078-1.468
SPPQ 1.02% 0.596 0.191-1.6% 0.489% 0.156-1.468%
VFO 1.10% 0.939% 0.296-2.854% 0.868% 0.288-2.602%
SHDB 0.35d8 0.254dB 0.079-0.502dB 0.2367d8B 0.099-0.477
SHIM 3.81% 3.25% 0.917-32.309 2.68% 0.008-5.27%
APQ 3.07% 2.24% 0.791-4.343% 1.905% 0.822-3.488%
SAPQ 4.23% 4.09% 1.727-9.121 3.13 1.607-9.049%
VAM 8.20% 8.61% 4,079-19.297% 8.79 4.092-22.243%
NHR 0.19 0.137 0.0743-0.1947 0.113 0.0646-0.1677
VTI 0.061 0.051 0.0209-0.0972 0.049 0.0153-0.1194
SPI 14.12 9.08 2.7394-29 .542 8.54 1.2572-42.1145
¢FTRI 0.95% 0.338% 0.058-0.823 0.281% 0.074-0.8%
ATRI 4.37 3.32% 0.369-13-376% 3.39% 0.79-12.027%
DVB 0% 0 0 0 0
DSH 0% 0.013% 0-1.149 0.078 0-2.195
puv 0% 0.076% 0-2.299 0 0
NVB 0% 0 0 0 0
NSH 0% 0.01 0-1 0.24 0-8
NUv 0% 0.067 0-2 0 0
SEG - 86.93 84-87 86.98 B6-87
PER - 352.42 274-475 657.77 520-803

© * Norms regarding only vowel /a/ 1s given.
- indicates that the values of these parameters are not given in the manual.



APPENDI X

The definitions considered in the present study are

those given in the MDVP nanual and are as foll ows:

Aver age fundanental frequency (Fo) /Hz/:
Average value of all extracted peri od-to- peri od

fundamental frequency val ues Voice break areas are excluded.

Fo is conputed from the extracted period-to-period

pitch data as:

s B (i)
Fo = = E Fo
N i=1
(1) !
Where, Fo'™’ = 11y period~to-period fundamental
To'?t frequency
To(l), i=1,2,.. N extracted pitch period data

N=PER number of extracted pitch periods.

H ghest fundanental frequency (HFo) - /HZ/:

The greatest of al | extract ed peri od-to-period
fundanmental frequency values. Voice br eak ar eas are
excluded. It is conputed as

Fhi = Max {Fo(i), i=l,2, .. N



Lowest fundanental frequency (LFo) - /Hz/:
The lowest of all extracted peri od to peri od
It is conputed as:

Flo = min {Fo(l)}, $=1.24 su N

The | owest fundamental within the defined period is
extracted and di splayed as Flo. However, the pitch extracted
range is defined to either search for periods from 70-625 Hz
or 200-1000 Hz. Therefore, the 'high' —range wll not

determ ne a fundanental under 200 Hz.

St andard Devi ati on of Fundanental Frequency (STD)-/Hz/:
Standard deviation of all extracted period-to-period
fundanental frequency values. Voice br eak ar eas are

excl uded.

1 N _—
STD = 0" = |- > (Fo-Fo'l’?)

N i=1
1 N (1) . (i) 1
Where, Fo = - 2;: Fo  Fo = ==rry period-to
i=1 To period fo
values
& 1) [ SR o g i :
To , i=1l, 2,.. N extracted pitch period data
N = Number of extracted pitch periods.

Ponat ory Fundanental Frequency Range (PFR):/Sem tones/
The range between Fhi and Fl o expressed in nunber of
sem tones. The ratio of tw consequentive sem-tones is

equal to 12th root of 2.



(k)

First all frequencies of sem t ones Fst -fq
k=I, 2, .. are conputed within the frequency range 55Hz to
1055 H&Zﬂ."i"n':::r.“o a =12 2

£ = 55Hz, £.,=1055Hz and f,<Fst'“)gf
1 # =3 ‘ 1% S b

Fo- Trenor Frequency (FFTR) /Hz/:

The frequency of the nobst intensive |owfrequency Fo-
nodul ati ng conponent in the specified Fo-trenor analysis
range. |If the <corresponding FTRI value is below the

specified threshold, the Fftr value is zero.

The nmethod for frequency trenor analysis consists of

the follow ng.
A. Division of the fundanental frequency period-to-
period (Fo) data into 2 sec wwndows at 1 sec step

bet ween. For every wi ndow, the follow ng procedures

apply.

1. Lowpass filtering of the Fo data at 30Hz and

downsanpling at 400 Hz.

2. Calculation of the total energy of the resulting

si gnal .



3. Subtraction of the DC conponent.

4. Calculation of an auto correlation function on

t he residue signal.

5. Division by the total energy and conversion to
(9.

6. Extraction to the period of variation.

7. Calculation of Fftr corresponding to the period

of variation found.

B. Conputation of the average auto <correlation curve

and average Fftr for all processed w ndow

Anpl i tude Trenor Frequency (FATR) - /[ Hz/:

The frequency of the nost intensive |owfrequency
anpl i tude nodul ati ng conmponent in the specified anplitude
trenor analysis range. If the corresponding ATRI value is

bel ow the specified threshold, the Fatr value is zero.

The nethod for anplitude trenor analysis consists of

the follow ng.



A. Division of the peak-to-peak anplitude data at 30Hz

and down sanpling to 400Hz

1. Calculation of the total energy of the resulting
si gnal .

2. Subtraction of the DC conponent.

3. Calculation of an autocorrelation function of
t he residuence signal.

4. Division by the total energy and conversion to
(9.

5. Extraction of the period of variation.

6. Calculation of Fatr corresponding to the period

of wvariation found.

B. Conputation of the average autocorrelation curve

and average Fatr for all processed w ndows.

T( Sam) :

Length of anal ysed voice data sanple /sec/.

Absol ute Jitter (Jita) - /Usec/:
An evaluation of the period to period variability of
the pitch period within the analyzed voice sanple. Voice

break areas are excluded. Jita is conputed as:
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1 N=1 ; ;
- +
Jita = —==- 2 To(l)—To(l 1)
N-1 i=1
Where To(l), i=1,2,.. N extracted pitch period data.

N=Number of extracted pitch periods.

Absol ute Jitter neasures the very short-term (cycle-
to-cycle) irregularity of the pitch periods in the voice
sanple. This neasure is wdely wused in the research
literature on voice perturbation (lwata and Vonl eden 1970).
It is very sensitive to the pitch wvariations occuring
bet ween consecutive pitch periods. However, pitch extraction

errors may affect absoluted 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 assoicated wth

hoar se voi ces.

Both Jita and Jitt represent evaluations of the sane
type of pitch perturbation. Jita is an absolute neasure and
shows the result in mcro-seconds which makes it dependent
on the average fundanental frequency of voice. For this

reason, the normative values on Jita for nmen and wonen
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differ significantly. Hi gher pitch results into lower Jita.
That's why, the Jita value of two subjects wth different

pitch are difficult to conpare.

Jitter Percent (Jitt) /%:
Rel ative evaluation of the period-to-period (very
short-tern) variability of the pitch within the analyzed

voi ce sanple. Voice break areas are excluded. It is conputed

as
1 N-1 ; ;
—— 5 rID(1)_,1.0(1)
N-1 i=1
Jitt = —————=——————————_— — ——
% - To(i)
(E) i=1
Where, To » 1i=1, 2,.. N extracted pitch period data

N=PER, number 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 neasure and the influence of the average
fundanmental frequency of the subject s significantly

r educed.

Rel ati ve Average Perturbation (RAP) /% :
Rel ative eval uation of t he peri od-to- period

variability of the pitch within the analyzed voice sanple
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wi th snoothing factor of 3 periods. Voice breaks areas are

excluded. It is conputed as:

1 N-1 To[191)+To(l)+To(l+l)
N-2 1=2% 3
O e R e e e
1 N
= ‘[‘0(1)
i=1
To(l), i=1l, 2, N-extracted pitch period data

N=PER-No. of extracted pitch period.

Rel ati ve Average Perturbation neasures the short-term
(cycle-to-cycle with snoothing factor of 3 peri ods)
irregular ity of the pitch period of the voice. The
snmoot hing 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 the 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 assoicated wth
the inability of the vocal <cords to support a periodic
vibration with a defined period. Hoarse and/or Dbreathy

voi ces may have an increased RAP.

Pitch period perturbation quotient (PPQ /% :
Rel ati ve eval uati on of t he peri od-to-period

variability of the pitch within the analyzed voice sanple



wth a snoothing factor of 5 periods. Voice break areas are
excluded. PPQ i s conputed as,

1 N=4|1 4

— " 7ol itE) _m  (1+2)
N-4 i=1]5 %=0
l')L')Q S —————————— T
1 N
- 2. W
N i=1
Where, To{l), i=1,2.. N-extracted pitch period data

N=PER-No. of extracted pitch period.

PPQ neasures the short-term (cycle-to-cycle wth a
snoot hing 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-term
pitch purturbation of the voice very well. Hoarse and/or

breat hy voices nmay have an increased PPQ

Snoot hed Pitch Period Perturbation Quotient (SPPQ /% :

Rel ative evaluation of the short or | ong term
variability of the pitch period within the analysed voice
sanpl e at snoothing factor defined by the user. The factory
setup for the snoothing factor is 55 periods. Voice break

areas are excl uded.



______ Z | — % TO(l-H:) T (i+m)
N-Sf+1 i=1 ‘.'I Sf r=
SPPQ = === e e e e
1 N
- 5 ,10(1}
N i=1
Where, To(l), i=l, 2, .. N-extracted pitch period

N=No. of extracted pitch period
Sf=Smoothing factor.

SPPQ al l ows the experinenter to define his own pitch
perturbation measure by changing the snmoothing factor from1l
to 99 periods. This is desirable because in the scientific
literature researchers use pitch perturbation neasures wth

di fferent snoothing factors or w thout snoot hing.

Wth a small smoothing factor, SPPQ is sensitive
nostly to the short-term pitch variation of the voice
i mpul ses. Wth a snoothing factor of 1 (no snoothing), SPPQ
is indentical to Jitter Percent (Jitt). It is very sensitive
to the pitch variations occuring between consecutive pitch
periods. Usually this type of variation is random It is
typi cal for hoarse voices. However, pitch extraction errors

may affect jitter percent significantly.

Wth a snmoothing factor of 3, SPPQ is identical to the

Rel ati ve Average perturbation introduced by Koi ke (1973).
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Wth a snoothing factor of 5, SPPQ is identical to the
pitch perturbation quotient introduced by Koi ke and

Cal catera (1977).

At high snoothing factors SPPQ correlates wth the
intensity of the long-term pitch period variations. The
studies of patients wth spasnodic dysphonia (Deliyski
Olikoff and Kaharie, 1991) show that SPPQ w th snoothing
factor set in the range 45-65 periods has increased values
in case of regular long-term pitch variations (frequency

voice trenors).

The SPPQ snoothing factory setup is 55 periods. This
set up allows using SPPQ as an additional evaluation of the
frequency trenors in the voice. The intensity and the
regularity of the frequency trenors can be assessed using
SPPQ (55) in conmbination with VFo. The difference between
VFo and SPPQ (55) is that VFo represents a general
eval uati on of the fundamental frequency (pitch) variation of
t he voice signal. The VFo value increases regardl ess of the
type of pitch variation. E ther randomor regular short-term
or long-termvariations increase the value of VFo. However,
SPPQ (55) is nore sensitive to regular long-term variations

with a period near and above 55 pitch periods. If both SPPQ
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(55) and VFo are low, the intensity of pitch variations in
the voice signal is very low If VFo is high but SPPQ(55) is
low, there are ptich variations but not a |ong-term periodic
one. |f both SPPQ(55) and VFo are high, there is a long-term

periodic pitch variation (nost likely a frequency trenor).

Co-efficient of Fo Variation vFo /% :

Rel ative standard deviation of t he f undanent al
frequency. It reflects, in general, the wvariation of Fo
(Short to long-term, wthin the analysed voice sanple.

Voi ce break areas are excl uded.

- > |- Foli) _po(i)
0 N i=1] N
VFO = == = == S 2
Fo l N
- > Fo ')
N i=1
X 8 (1)
Where, Fo = = E: Fo
N i=1
(i) ! o ,
Fo = —-=——-—= — Period-to-period Fo values
(1)
To
To(l), i=1l, 2, .. N extracted pitch period data

N = Per, Number of extracted pitch periods.

VFo reveals the variations in t he f undanent a
frequency. The VFo val ue increases regardles of the type of

pitch variation. Either random or regular short-term or
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| ong-termvariations increase the value of VFo. Because the
sust ai ned phonation normative thresholds assune that the fo
should not change, any variations in the f undanent a
frequency are reflected in VFo. These changes could be
frequency trenors or non-periodic changes, very high jitter

or sinply rising a falling pitch over the analysis |ength.

Shimrer in dB (ShdB) /dB/:

Evaluation in dB of the period-to-period (very short-
term variability of the peak-to-peak anplitude wthin the
anal yzed voi ce sanple. Voice break areas are excluded. ShdB

is conputed as,

(i+1)

ShdB = --- Z 20 log (A /atd)

)

( .
Where, A y 1i=1,2,.. N =~ extracted peak-to-pea
amplitude
N=No. of extracted impulses.

Shimrer in dB neasure the very short termCycle - to
cycle) irregularity of peak-peak anplitude of the voice.
This measure is widely used in the research Iliterature on
voi ce perterbation (lwata & Von leden 1970) It is very
sensitive to the anplitude variation occuring bet ween
consecutive pitch periods. However, pitch extraction errors

may affect shimmer percent significantly.
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The anplitude of the voice can very for a nunber of
reasons. Cycle to-cycle irregularity of anplitude can be
associated with the inability of the vocal folds to supports
a periodic vibration for a defined period & wth the
presence of turbulent noise in the voice signal usually,
this type of variation in random It is typically associated
with hoarse and breathy voices. APQ is the preferred
measur ement for Shinmmer because it is less sensitive to
pitch extraction errors while still providing a reliable

indication of short-termanplitude varaibility in the voice.

Both Shim & ShdB are relative eval uati ons of the sane
type of anplitude perturbation but they wuse different

nmeasures for the result-percent and dB.

Shi nmrer percent (%:
Rel ati ve evaluation of the period-to period (Very
short term variation of the peak-to peak anplitude wthin

t he anal yzed voi ce sanple. Voice break neans are excl uded.

1 N-1] (i) (i+1)
— Z A - AN
N-1 i=1
Shilfl = =—em—mcccccrarccccae—no~-
1 § N (i)
-— A
N i=1
VWere A (i), i=l,2,... Nextracted peak - to -peak anplitude

N = nunber of extracted inpul ses
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Shi mmer percent neasure the very short term (cycle-to
cycle) irregulatity of the peak-to-peak anplitude of the

Voi ce.

Anplitude Perturbation Quotient (APQ (%B

Rel ati ve evaluation of the period-to-period variation,
variability of the peak to peak anplitude wthin the
anal yzed voi ce sanple at snothing of 11 periods. Voice break

areas are excl uded.

1 N-4 1 4 (i+r) (i+2)

-—— - :EjA - A

N-4 i=1 5 r=0

APQ = =—=—=m— e —m e

1 N (i)

e B 8

N i=1

Were A (i), i=l,2,... Nextracted peak - to -peak anplitude

N = nunber of extracted inpul ses

APQ neasures the short-term (cycle-to-cycle wth snoothing
factor of 11 periods) irregularity of the peak-to peak
anplitude of the voice. Wile 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 & hoarse voice usually have an increased APQ APQ

should be regarded as the preferred easurenment for shinmer

in VDVP.

Snmoot hed Anplitude Perturbation Quotient (SAPQ /% :

Rel ative evaluation of the short or | ong-term
variability of the peak-to-peak anplitude Wit hin t he
anal yzed voice sanple at snoothing factor defined by the
user. The factory set-up for the snmoothing factor is 55
periods (providing relatively long-term variability; the
user can change this value as desired).

Voi ce break areas are excl uded.

1 N-Sf+1 |1 SE-1 .
______ . A(1+r)rA(1+mJ
N-Sf+1 1=1 Sf r=0
SAPQ = mmmmm e e e e e
1 N
- > AW
N 1i=]1
Where, A(l), i=l, 2, .. N-extracted peak-to-peak

amplitude data.
N = No. of extracted impulses.
Sf= Smoothing factor.

SAPQ allows wuser to define their own anpl i tude
perturbation neasure by changing the snoothing factor from 1

to 99 peri ods.
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Co-efficient of Anplitude Variation (VAN /9% :

Rel ati ve standard devi ati on of peak-to-peak anplitude.
It reflects in general the peak-to-peak anplitude variations
(short to long term within the anal yzed voice sanple, voice

break areas are excl uded.

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

data as.

VAm reveals the wvariations in the cycle-to-cyle
anplitude of the voice. The VAm value increases regardless
of the type of anplitude variation. Either random or regul ar

short-termor | ong-termvari ation increase the val ue of VAm

Noi se-to Harnonic Ratio (NHR)

Average ratio of the inharnonic spectral energy in
the frequency range 1500-4500 Hz to the harnonic spectral
energy in the frequency range 70-4500Hz. This is general

eval uati on of Noice present in the analyzed signal.
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NHR is computed using a pitch synchronous frequency

domai n nmethod. In general terms, the algarithmfunctions as

foll ows:

A) Divides the analyzed single into wi ndows of 81.92 ns(4096

points at 50 KHz sanmpling rate or 2048 at 25 KHz) For

every w ndows thefollow ng steps apply

1)

2)

3)
4)

5)

6)

Low pass filtering at 6 KHz (order 22) wth Hanm ng
wi ndow, down sanpling of the single data down to
125KHz and conversion of the real signal into an
anal ytical one using the Hlbert transform

1024 points conplex fast fourier Transform FFT) on the
anal ytical signal corresponding to a 2048 - points FFT
on real data.

Cal cul ation of the power spectrumfromthe FFT.

Cal cul ation of the average fundanmental frequency wth
in the wi ndow synchronously with the pitch extraction
results.

Hor nmoni ¢/ i nhor noni ¢ seperation of t he current
spectrum synchronously W th t he curent w ndow
fundanmental frequency.

Conputation of the noice-to- hornonic ratio of the
current wndow. NHR is the ratio of the inhornonic
(1500-4500Hz)- to the har noni c spectral ener gy
(70-4500 Hz) .
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B) Conputes the average values of NHR for all previously

processed w ndows.

| ncreased values of NHR are interpreted as increased
spectral noice which can be due to anplitude and frequency
variations (ie., Shimmer & jitter) Turbulent noice, sub-
hor noni ¢ conponents and or breaks which affects NHR gl obally
nmeasures the noise in the signal (includes contributions of

jitter, shimer and turbul ent noise).

Voi ce Turbul ence I ndex (VTIl):

Average ratio of the spectr al i nhar noni ¢ hi gh
frequency energy in the range 2800-5800 Hz to the spectra
harnonic energy in the range 70-4500 Hz in areas of the
signal where the influence of the frequency and anplitude
vari ations, voice breaks and sub harnonic conponents are
m nimal. VTl neasures the relative energy Ilevel of high-

frequency noi se.

VTl is conputed using a pitch synchronous frequency
domain nethod. The algorithm consists of the follow ng
st eps:

A. Selects up to four but atleast two 81.92 nsec

w ndows wher e t he frequency and anpl i tude



perturbations are lowest for the signal. These
w ndows are Jlocated in different areas of the
signal and don't include voice breaks and sub-

har noni ¢ conponents.

For every wi ndow, the follow ng steps apply:
Low pass filtering at 6KHz.
Down sanpling 12.5 KHz.

Conversion of the real signal to analytical one.

W D

Conputation of a 1024 points conplex f ast

fourier transformon the analytical signal.

5. Conputation of power spectrum fromthe FFT.

6. Calculation of the average fundanental frequency
within the w ndow.

7. Harnonic/inharnonic separation of the current
spectrum synchronously with the current w ndow
fo.

8. Conputation of the VTl for every w ndow, VTl is

the ratio of the spectral inharnonic hi gh

frequency energy (2800-5800 Hz) to the spectra

har noni ¢ energy (70-4500 Hz) .

B. Calculates the average VTl values for all processed
w ndows. VTl neasures the relative energy |evel of

hi gh-frequency noi se.
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VTl nostly correlates with the turbulence caused by
i nconplete or |oose adduction of the vocal folds. VTI,
unl i ke NHR, analyses high frequency conponents to extract an
acoustic correlate to "breathiness". However, it is unlikely
that users will find a one-to-one correspondence between
their perceptual inpression of a voice and this acoustic
anal ysis. However, VITI is a new attenpt to conpute a
paraneter which correlates with breathiness. Because VIl is
a new paraneter, normative values cannot be found in the

professional literature.

Soft Phonation Index (SPI):

Average ratio of the |ower-frequency harnonic energy
in the range 70-1600 Hz to the higher frequency harnonic
energy in the range 1600-4500 Hz.

SPI is conputed using a pitch synchronous frequency

domai n met hod. The al gorithm does the foll ow ng procedures:

A. Divides the analysed signal into w ndows of
81- 92ME.

For everyone of these wi ndows, the following steps

apply:
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1. Lowpass filtering at 6KHz order 22 with Hanmm ng
wi ndow, down sanpling of the signal data down to
12.5Hz and conversion of the real signal into
anal ytical one using Hilbert transform

2. 1024 points conplex fast fourier transform on
t he anal ytical signal.

3. Conmputation of the power spectrumfromthe FFT.

4. Calculation of the average fo within the w ndow
synchronously with the pitch extraction results.

5. Harnonic/inharnmonic separation of the current
spectrum synchronously wth the current w ndow
fo.

6. Conputation of SPI of the current window. SPI is
a ratio of the lower-frequency (70-1600 Hz) to
the higher frequency (1600-4500Hz) har nmoni ¢

ener gy.

B. Conputes the average values of SPI for al |

previously processed w ndows.

SPI  can be thought of as an i ndi cator of how
conpletely or tightly the wvocal folds adduct during
phonation. Increased value of SPI is generally an indication

of loosely or inconpletely adducted vocal folds during
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phonati on. However, it is not necessarily an indication of a
voi ce disorder. Simlarly, patients with "pressed" phonation
may |ikely have a "normal"” SPI though their pressed voice
characteristic may not be desirable. Therefore, a high SP

value is not necessarily bad, nor a low SPI val ue
necessarily good. Subjects with glottal chinks (determ ned
stroboscopically) or with high phonatory air flow rates
often exhibit an increased SPI. Spectral analysis will show
a well defined higher formants when SPI is Ilow, and |ess

wel | defined when SPI is high.

SPl is very sensitive to the vowel formant structure
because vowels with |ower high frequency energy will result
in higher SPI, only values conputed for the sane vowel can

be conpar ed.

I ncreased SPI  values may be due to a nunber of
factors. The subject may have a "soft" phonati on because of
a voice or speech disorder and may not be able to strongly
adduct his vocal folds. However, the subject may naturally
speak with a softer "attack"” and hence have an el evated SPI.
Psychol ogical stress could also be a factor that may
increase SPI. Another inportant factor is the anplitude of
t he sustained vowel. If the subject phonates softly, SPI may

be hi gh.



XXI'V

Frequency Trenor Intensity Index (FTRI) /%:
Average ratio of the frequency magnitude of the nost
i ntensive | owfrequency nodul ati ng conponent (Fo-trenor) to

the total frequency magni tude of the anal yzed voice signal.

The nmethod for frequency trenor analysis consists of

the foll ow ng steps:

A. Division of the fundanental frequency period-to-
period (Fo) data into 2 secs w ndows. For every
wi ndow, the follow ng procedures apply.

1. Lowpass filtering of the Fo data at 30Hz and
downsanpling at 400 Hz.

2. Calculation of the total energy of the resulting
si gnal .

3. Subtraction of the DC conponent.

4. Calculation of an autocorrelation function on
t he residue signal.

5. Division by total energy and conversion to
percent .

6. Extraction of the period of variation.

7. Calculation of Fftr and Ftri corresponding to

the period of variation found.



B. Conputation of the average autocorrelation curve

and average FTRI for all processed w ndows.

The algorithm for trenor analysis determnes the
strongest periodic frequency and anplitude nodulation of
voi ce. Trenor has both frequency and anplitude conponents
(ie., the fo may vary and/or the anplitude of the signal may
vary in a periodic manner). Trenor frequency provides the
rate of change with Fftr providing the rate of periodic
trenmor of the frequency and Fatr providing the rate of
change of the anplitude. The programw || determne the Fftr
and Fatr of any signal if the magnitude of these trenors is
above a low threshold of detection. Therefore, the magnitude
of the frequency trenor and the magnitude of the anplitude
trenmor are nore significant than the respective frequencies

of the trenor.

Anplitude Trenor Intensity Index (ATR) /%:
Average ratio of the anplitude of the npst intense
| owfrequency anplitude nodul ating conponent to the total

anpl i tude of the analyzed voice signal.

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

consideration instead of fo data.
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Degree of Voice Breaks (DVB) /% :
Ratio of the total length of areas representing voice

breaks to the tinme of the conplete voice sanple.

t.+t. +....t
pvB = L 2 a
sam
Where, tl' t2 = tn—lengths of the 1st, 2nd..
voice break.
TSam - length of analyzed voice data samples.

DVB does not reflect the pauses before the first and
after the last voiced areas of the recording. It neasures
the ability of the voice to sustain wuninterrupted voicing.
The normative threshold is 'o  because a normal Vvoice,
during the task of sustaining voice, should not have any
voi ce break areas. |In case of phonation wth pauses (such
as runni ng speech, voice breaks, delayed start or earlier
end of sustained phonation), DVB evaluaties only the pauses

bet ween the voiced areas.

Degree of Sub-harnoni c Conponents (DSH) /9% :
Rel ative eval uation of sub-harnonic to Fo conponents

in the voice sanple.

DSH is conputed as a ratio of the nunber of
autocorrel ati on segnents where the pitch was found to be
sub-harnmonic of the real pitch (NSH to the tota no. of

autocorrel ati on segnents.
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The degree of sub harnonic conponents in normal voices
should be equal to zero. It is expected to increase in
voi ces where double or triple pitch periods replace the
fundanental in certain segnents over the analysis |ength.
These effects are typical for diplophonic voices and voices
with glottal fry. The experinental observation of patients
with functional dysphonia or neurogenic voice disorders may

show i ncreased val ues of DSH

Degree of Voiceless (DW) /%:
Estinmated rel ati ve eval uation of non- harnoni ¢ areas

(where Fo cannot be detected) in the voice sanples.

DWV is conputed as a ratio of the nunber of
autocorrel ati on segnents where an unvoi ced deci sion was nade

to the total nunber of autocorrelation segnent.

DW neasures the ability of the voice to sustain
uninterrupted voicing. The normative threshold is ‘0
because a normal voice, in the defined task of sustaining
voi ci ng, should not have any voicel ess segnents. In case of
phonation with pauses (such as running speech, voice breaks,

del ayed start or earlier end of sustained phonation), DW
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al so evaluates the pauses before, after and/or between the

voi ced areas.

Nunber of Voice Breaks (NVB):
Nunber of tines the fundanental period was interrupted
during the voice sanple (neasured from the first detected

period to the |ast period).

NVB does not reflect the pauses before the first and
after the last voiced areas of the recording. However, |I|ike
NUV, it measures the ability of the voice to sustain
uninterrupted voicing. The normative threshold is "0
because a normal voice, during the task of sustaining voice,
shoul d not have any voice breaks. In cases of phonation with
pauses (such as running speech, voice breaks, delayed start
or earlier end of sustained phonation), NVB evaluates only

t he pauses between the voiced areas.

Nunber of Sub-Harnonic Segnments (NSH):
Nunber of autocorrel ati on segnents where the pitch was

found to be a sub-harnonic of Fo.

The nunber of Sub-harnonic conponents in normal voices

should be equal to zero. It is expected to increase in
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voi ces where double or triple pitch period replaces
fundanmental in certain segnents over the analysis |ength.
These effects are typical for diplophonic voices and voices

with glottal fry.

Nunmber of Unvoi ced Segnents (NUV):
Nurmber of unvoiced segnments detected during t he

aut ocorrel ati on anal ysi s.

NWV neasures the ability of the voice to sustain
uninterrupted voicing. The normative threshold is "o
because a normal voice, in the defined task of sustaining
voi ci ng, should not have any voicel ess segnents. In case of
phonation with pauses (such as running speech, voice breaks,
del ayed start or earlier end of sustained phonation) NW
eval uaties al so the pauses before, after and/or between the

voi ced areas.

Total Nunber of Segnments (SEQ):
Total nunber of segnment s conput ed duri ng t he

aut ocorrel ati on anal ysi s.

Nunber of Pitch Periods (PER):
Nunber of pitch periods detected during the voice

sanpl e.
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