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| NTRODUCT! ON

Voi ce has been defined as the "Laryngeal nodul ation
of the pulnonary air stream which is further nodified by
the configuration of the tract”" (Mchael and Xendahl

1971) .

The production of voice is a conplex process. It
depends on the synchrony between the respiratory, the
phonatory and the resonatory systenms which in turn requires
precise control by the central nervous system Hirano (1981)
states that, "during speech and singing the higher order
centers including the speech <centres in the cerebra
cortex control voice production and all the activities
of the <central nervous system is finally reflected in
nmuscul ar activity of the voice organs". Because of the
i nt erdependence of the respiratory, phonatory and t he
resonatory systens during the process of voice production
di sturbance in any one of the systemmay l|lead to deviant or
abnormal voice quality. Voice plays a major role 1in speech
and hence in conmunication. Therefore, voice needs to be
constantly nonitored and in t he event of abnor mal
functioning of voice, an inmediate assessnent should be
undertaken which would lead tc the diagnosis and not only
identifies the voice disorders but also acts as an indicator

for the treatnent and managenent to be foll owed.



The wultimte aim of studies on nornmality 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 optinmm | evel.

There are several neans of anal ysi ng voi ce/
devel oped by different workers, to note the factors which
are responsible for creating an inpression of a particular
voi ce" (H rano, 1971; Nataraja, 1979; Rashm, 1985; Anitha,
1984) .

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 t han t he obj ective
measurenent. There are other objective neasures nethods |ike
EMG  stroboscopy, wultra sound glottography, ultra high
phot ogr aphy, photo-electric phot ogr aphy, el ectrogl otto-

graphy, aerodynam c neasurenents, acoustic analysis, etc.

Presently acoustic analysis of voice is gaining nore

i nportance. Hirano (19 ) states that this may be one
of the nost attractive nethods of assessing the phonatory
function or |aryngeal pathol ogy because it S non-

invasive and provides objective and quantitative data".



Acoustic analysis can be done by using nethods such as
spectrography, peak analysis, inverse filtering, conputer

based nethods and ot hers.

In conputer based techniques, there are many
prograns which are designed to extract different paraneters
of voice. However, the software programused in this study
“Mul tidi mensi onal Voice Program - Mdel 4305" devel oped and
marketed by Kay Elenmetrics 1Inc., New Jersey, acquires,
anal yses and displays twenty-nine voice paraneters froma
single vocalisation. This program uses the conputerised
speech lab hardware system for signal acquisition, analysis
and | ayback. Twenty-nine extracted parameters are avail able
as nunerical file or they <can be displayed graphically

in conparison with a data base.

The advantage of a nultiple paraneters extraction is
that different paraneters are inportant for the diagnosis of
di fferent vocal pathologies. For exanple, a breathy voice
may have normal jitter values but the degree of breathiness
is likely to be revealed in the extracted "turbulence"
parameter. The trenor paraneters will neasure the nodul ation
of the voice by analysing the voice and extracting
anplitude, and frequency trenor rate and anpl i tude. A
patient with Parkinson's disease may have a normal voice

except for the trenor.



Need for the present study

Attenpts have been made (Anitha, 1994) to study
normal adult voice using MDVP. However no studies have been
attenpted to note paraneters which help in differentiating
pat hol ogical cases from norns. Therefore it has been
attenpted to find out whet her it S possi bl e to
differentiate between normals and dysphonics wusing the
paraneters and to identify the paraneters necessary to

differentiate the two groups.

The acoustic paraneters considered in the present

study to assess the voice disorders were

1. Frequency paraneters:

Aver age Fundanental Frequency (Fo)

Average Pitch Period (Tp)

H ghest Fundanental Frequency (Hi)

Lowest Fundanental Frequency (Flo)

Standard Devi ati on of Fundanental Frequency (STD)
F- Trenor frequency (Fftr)

Ampl i tude Trenor Frequency (Fatr)

Absol ute Jitter (Jita)

© ® N o g > w0 npF

Jitter percentage (Jitt)

=
©

Rel ati ve Average Perturbation Quotient (RAP)

=
=

Pitch Perturbation Quotient (PPQ



12. Snoothed Pitch Perturbation Quotient

13. Fundanental frequency variation
14. Fo trenor intensity index

15. Coefficient of Fy variation

1. Intensity paraneters
1. Shinmrer in dB (ShdB)

Shimrer in percent (Shim

2

3. Anplitude Perturbation Quotient (APQ
4. Snmoot hed Anplitude Variation (VA
5

(sPPQ

Amplitude Trenor Intensity Index (ATRI)

I11. Other paraneters

1. Noise to Harnonic Ratio (NHR)
Voi ce Turbul ence Index (VTI)
Soft Phonation |Index (SPl)
Degree of Voice Breaks (DVB)

Degree of Voicel ess (DW)
Nunber of Voice Breaks (NVB)

© © N O O B W N

Nunmber of Unvoi ced Segnments (NW)

Degree of Sub-Harnoni c Breaks (DSH)

Nunmber of Sub-Harnonic Segnments (NSH)

A group of 30 normal males which formed the

contr ol

group in the age range of 17 to 27 years was taken from the

study done by Anitha (1994) on normals and

a

group

of

30



dysphonic nales in the age range of 17 to 27 years was

considered for the study.

Al the above nentioned paraneters were neasured for
t he phonation of vowels /a/, /i/ and /u/, and of sentence
lallil Igadi/ /ide/. The follow ng hypothesis were verified

in the present study.
Hypot hesi s

There is no significant difference in ternms of the
paraneters neasured using MVP between the subjects of

normal group and dysphoni c group.
Sub- hypot hesi s

1. There is no significant difference in terns of
Aver age Fundanent al Frequency (Fo) between the

subjects of normal group and dysphonic group.

2. There is no significant difference in terns of
Average Pitch Period (Ty) between the subjects of

normal group and dysphoni c group.

3. There is no significant difference in terns
of Hi ghest Fundanental Frequency (Hfi) between

the subjects of normal group and dysphoni c

group.



10.

There is no significant difference in terns of
Lowest Fundanental Frequency (Flo) between the

subj ects of normal group and dysphoni c group.

There is no significant difference in terns of
Standard Devi ati on of Fundanental Frequency (STD)

bet ween the subjects of normal group and dysphonic

group.

There is no significant difference in ternms of
Fo Trenor frequency (Fftr) between the subjects of

normal group and dysphoni c group.

There is no significant difference in ternms of
Amplitude Trenmor Frequency (Fatr) between the

subj ects of normal group and dysphonic group.

There is no significant difference in terns of
Absol ute Jitter (Jita) between the subjects of

normal group and dysphoni c group.

There is no significant difference in ternms of
Jitter percent (Jitt) between the subjects of

normal group and dysphonic group.

There is no significant difference in terns of
Rel ative Average Perturbation (RAP) between the

subj ects of normal group and dysphonic group.



11.

12.

13.

14.

15.

16.

There is no significant difference in terns of
Pitch Period Perturbation Quotient (PPQ between

the subjects of normal group and dysphoni c

group.

There is no significant difference in ternms of
Snoot hed Pitch Peri od Perturbation Quot i ent
(SPPQ between the subjects of nornal group and

dysphoni ¢ group.

There is no significant difference in terns of
Coefficient of Fundanental Frequency Variation
(vFg) between the subjects of nornmal group and

dysphoni ¢ group.

There is no significant difference in terns of
Shinmmer in dB (ShdB) between the subjects of

normal group and dysphoni c group.

There is no significant difference in terns of
Shinmmrer in percent (Shin) between the subjects of

normal group and dysphoni c group.

There is no significant difference in terns of
Anplitude Perturbation Quotient (APQ bet ween

the subjects of normal group and dysphoni c

group.



17.

18.

19.

20.

21.

22.

There is no significant difference in terns of
Snoot hed Average Perturbation Quotient (sAPQ

bet ween the subjects of normal group and dysphonic

gr oup.

There is no significant difference in terns of
Coefficient of Anplitude Variation (vAm Dbetween

the subjects of normal group and dysphoni c

gr oup.

There is no significant difference in terns of
Noi se to Harnonic Ratio (NHR) between the subjects

of normal group and dysphonic group.

There 'S no significant di fference in
ternms of Voice Turbulence Index (VTl) Dbetween

the subjects of normal group and dysphoni c

gr oup.

There is no significant difference in ternms of
Soft Phonation Index (SPI) between the subjects of

normal group and dysphonic group.

There is no significant difference in terns of
Frequency Trenor Intensity Index (FTRI) between

the subjects of normal group and dysphoni c

gr oup.



23.

24.

25.

26.

27.

28.

-10-

There is no significant difference in terns of
Amplitude Trenor Intensity Index (ATRI) between

the subjects of normal group and dysphoni c

group.

There is no significant difference in terns

of Degree of Voice Breaks (DvVB) between the

subj ect s of nor mal group and dysphoni c
gr oup.
There is no significant difference in terns

of Degree of Sub-Harnmonic Breaks (DSH) between

the subjects of normal group and dysphoni c

group.

There is no significant difference in ternms of
Degree of Voiceless (DW) between the subjects of

normal group and dysphoni c group.

There is no significant difference in terns of
Nunber of Voice Breaks (NVB) between the subjects

of normal group and dysphonic group.

There is no significant difference in ternms of
Nunber of Sub-Harnmonic Segnents (NSH) between

the subjects of normal group and dysphoni c

group.
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29. There is no significant difference in terns of
Nunmber  of Unvoi ced Segnent s (NWV) bet ween

the subjects of normal group and dysphoni c

group.

Definitions of these paraneters are provided in

Appendi x.

Limtations of the study

1. The study has been limted to 30 dysphonics.

2. Only limted types of dysphonics have been
st udi ed.
3. The age range of the subjects were limted to

17 to 27 years.

| mpli cations of the study

1. bjective anal ysis of voi ce di sor der for

differential diagnosis.

3. Effective treatnent of voice disorders wuld be

possi bl e.
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REVI EW OF LI TERATURE

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

speech articul ati on” (Boone, 1983).

The underlying basis of speech is voice. The
i nportance of voice in speech is very well depicted when
one considers the <cases of laryngectony or even voice
di sorders.

The basic paraneter for phonation are:

1. The paranmeters which regulate the vibratory

pattern of the vocal folds.

2. The paraneters which specify the vi bratory

pattern of the vocal folds.

3. The paraneters which specify the nature of sound

generated (Cotz, 1961).

Hireno (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 | ogi cal and physical. The physiological factors are

those related to the activity of the respiratory, phonatory
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and articulatory muscles. The physical factors include the
expiratory force, the conditions of the vocal folds and the

state of the vocal tract".

The vibratory pattern of the vocal folds can be
described with respect to the various paranmeters including
t he fundanmental frequency, regulatrity or periodicity in
successive vibrations, symetry between the two vocal folds,
uniformty in the novenent at different points wthin each
vocal fold, glottal <clousre during vibration, cont act

between the two vocal folds and so on.

The nat ure of sound gener at ed 'S chiefly
determ ned by the vibratory pattern of the vocal folds.
It can be specified both in acoustic terms and in
psycho-acoustic terns. The psycho-acoustic paraneters are
naturally dependent on the acoustic par aneters. The
acoustic paraneters are fundanmental frequency, intensity,
acoustic spectrumand their tine-related vibrations. The
psycho-acousti c par anmet ers are pitch, | oudness and

quality of the voice and their time related changes.

Acoustic analysis has been considered as t he
basic tool in the investigation of voice disorders. | t
has been considered vital 1in the diagnosis and t he

managenent of patients with voice disorders.
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Hirano (1981) has pointed out that the acoustic
analysis of the voice signal may be one of the npost
attractive methods for assessing phonatory fucntions or
| aryngeal pathology because it I's non-i nvasive and

provi des objective and qualitative data.

Further, a clinician wll not really known what
to expect with a mnmedical diagnosis having a conplete
physical description of the larynx together wth sone
objectives |ike "hoarse" or “"rough" until he actually
sees the case (Mchael and Wendahl, 1971). On the other
hand, if the <clinician neives a report which includes
nmeasures  of frequency ranges, respiratory function
jitter, shimrer their related variations, noi se and
har moni ¢ conponents, etc. in the formof a voice profile,
the clinician can then conpare these values to the norns
for each one of the parameter and thus have a relatively
good idea as to howto proceed wth therapy even before
seeing the patient. Mor eover, periodic rmeasurenent of
these parameter during the course of therapy my wel
provide an wuseful index so as to the success of the

treatnent (M chael and W ndahl, 1971).

Del i yski (1990) presented an acoustic nodel of
pat hol ogi cal voice production which describes the non-

linear effects occuring in the acoustic wave form of
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di sordered voi ces. Thi e noi se component s such as
fundanental frequencies and anplitude irregularities and
variations. Sub-harnonic conponents, turbulent noise and
voi ce breaks are formally expressed as a result of random
time function influence on the excitation function and
the glottal filter. (Quantitative evaluation of t hese

random functions is done by conput ati on of their

statistical characteristics which can be usef ul in
assessing voice in clinical practi ce. Thi s set of
paranmeters, which corresponds to the nodel, all ows a
mul ti di mensional voice quality assessnent. Si nce any
singl e acoustic par anet er i's not suffici ent to

denmonstrate the entire spectrum of vocal function or of
| aryngeal pat hol ogy, mul ti - di nensi onal anal ysi s usi ng
mutiple acoustic paraneter has been attenpted by same
investigators. Davis (1976) used paranmeters such as pitch
perturbation quotient anplitude perturbation guoti ent,
pitch anplitude, coefficient of excess, spectral flatness
of the inverse filter spectrum and spectral flatness of
the residue signal spectrum and performed mlutidnensional
analsis aimng at differentiation of pathological voices

from nornal voi ces.

The detection probability was 95.2% in a closed

test and 67.4% in an open test.
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Hirano (1989) did an international survey and has
recormended the followng measures for clinical voi ce

eval uati on.

1. Air Flow
Phonation Quotient (PQ
Vocal Velocity Index (W)

Maxi mum Phonation Time (M)

2. Fo range
SPL range
Habi tual Fg
Habi t ual SPL

3. Electrogl ottography

4. Tape recording
Pitch perturbation
Ampl i tude perturbation
SN ratio
LTAS
I nverse filter acoustic
VOor

Per ceptual eval uation

5. Laryngeal mrror
Fi broscopy of |arynx

M croscopy of [arynx
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6. X-ray |aryngography

7. Vital capacity

Ri bcage and abdom nal novenents
8. Audionetry.

There are various objective nethods to -evaluate
these paraneters. Stroboscopic procedure, pardue, pitch
meter, high speed ci nemat ogr aphy, el ectrogl ot - ogr aphy,
digi pitch, pitch conmputer, ultrasonic recordings and the

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 voice 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 time saving
and they don't need interpretation on t he part of
experinenter since t he par anet ers are automatically

anal ysed and gi ven.

Voice disorders in general are diagnosed to be
hoarse and or wth variation in pitch. This helps to
understand the devicancy of voice grossly but doesn't
help to probe into finer aspects. Hence, the need as

felt to explore finer details of voice. By doing so, one
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can understand nore clearly about a person's voice as he
gets to know the aspects of voice which is devient making

t he voice sound abnor mal .

This will lead to

1. Objectiveness in analysis of voice

2. bjective analysis of voice disorder

3. Mrre efficient treatnent which wll be ained
at treating the specific aspects of vVoi ce
rather than the wearlier and nore general way

of treating voice disorders.

Fundanment al frequency

Voi ce, the underlying basis of speech, has three

maj or attributes, nanely, pitch, |oudness and quality.

Pitch S t he psychophysi cal correl ates of
frequency. Al though pitch is often defined in ternms of
puretones it is <clear that noises and other aperiodic
sounds, have nore or less definite pitches. The pitch of
conplex tones according to Stevens and Davi s (1935)
depends upon the frequency of its dom nent conponent,
that is, the fundanental frequency in a conplex tone.
Plonp (1967) states that even in a conplex tone, where
the fundanmental frequency is absent or weak, the ear is

capabl e of perceiving the fundanental frequency based on
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periodicity of pitch. Emickson (1959) is of the opinion
that the vocal cords are the ultimte determner of the
pitch and that the sanme general structure of the cords
seem to determne the range of frequencies that are

pr oduced.

The factors det er m ni ng t he frequency of
vi bration of any vibrator are mass, length and tension of
the vibrator. Thus mass, length and tension of the voca

cords determ ne the fundanental frequency of voice.

“... both quality and |oudness of voi ce are
mai nl y dependent upon the frequency of vibration. Hence,
it seenms apparent t hat frequency i's an | mport ant

par anet er of voice" (Anderson, 1961).

There are various objective nethods to evaluate
t he f undanent al frequency of t he vocal cords.
Strotoscopic procedures, hi gh speed anemat agr aphy,
el ectrogl ottography, ultrasonic recordings, strotoscopic,
| am nography (STROL), Cepstrum pitch det ecti on, di gi
pi tch, t he 3M plastiform magnetic t ape receiver
Spectrography, pitch conputer, the high resolution signa
anal yser frequency neter, visipitch, vocal-Il, conputer

with speech interface unit and software, etc.

The changes in voice with age and wthin the

speech o
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to scientists. Various investigations during back to 1939
have provided data on various attributes at successive
devel opnmental stages from infancy to old age. Fai r banks
(1940, 1949), Carry (1940), Snidecor (1943), Hankey (1949),
Mysak (1950), Sanuel (1973), Uska Abram (1978), Gopal (1980)
and Indira (1982), Kushalraj (1983), Rashm (1985) are some
among those who have studied the <changes in fundanental

frequency of voice with age.

Lowering in the fundanmental frequency 1is gradua
till the age of 10 years (Gopal, 1980), 15 years (Samnuel
1973), 13 years (Usha, 1978), 14 vyears (Rashm, 1985),
after which there is a sudden marked Ilowering in the
fundamental frequency. The fundanental frequency val ues
are distinguished by sea only after the age of 11
years, although small sex differnces mght occur before
the age Keint (1976), Usha (1978), George (1973), GCopa
(1980).

Copal (1980) reported a gradual lowering of the
fundanental frequency as a functionof age from the age of
7 years to 17 years. For the vowel /a/ in both males and
femal es. The fundanental frequency drops slightly during
the first three weeks or so, but then increases until
about the fourth nonth of life, after which if stabilises

for a period of approximtely five nonths.
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Beginning with the first year, to decr eass
sharply until about three years of age, when it nakes a
gradual decline, reaching the onset of pubenty of 11 or
12 years of age. A sex difference is apparent by the age

ears, which marks the beginning of a substantial
drop for male voices, the well known adolescent voice

change in the case of females, the decrenent in Fg from
infancy to adulthood anong fermales is some what inexcess
of an octane where as nmale exhibit an overall decrease’

approachi ng two octanes (Kent, 1976).

Studi es on Indian popul ation have shown that, in
mal es, the Jlowering in the fundanental frequency is
gradual till the age of 10 years, after which, there is a

sudden mnmarked Jlowering in the fundanental frequencies,
which attributable to the changes in vocal apparatus of
puberty. In case of fenmales a gradual lowering of Fy is
seen (Ceorge, 1973; Usha, 1979; Gopal, 1980; Kushal Raj,
1983; Rashm, 1985).

The study of fundanental frequency has inportant
clini cal i mplications. Cooper (1971) has used
spectrographic analysis, as a clinical tool to describe
and conpare the Fy, and hoarsense in dysphonic pattern to
before and after vocal rehabilitation. Jayaram (1973)
found a significant difference in habi t ual frequency

measur e between normals and dysphonics.
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A study was conducted by Asthana (1974) to find
the effect of frequency and intencity variation on the
degree of nasality in deffpal ate speakers. The result of
the study showed that the deff palate speakers have
significantly less nasality at higher pitch Ilevels than
the habitual pitch. But the degree of perceived nasolity
did not change significantly when habitual pitch was

| owner ed.

Fundnental frequency in speech for nornal I ndi an

popul ati on (based on studies conducted of A 1.1.S. H).

Nor mal fundnmental 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

Most of the theropics of voice disorders are based

on the assunption that each individual has an optinmum pitch
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at which the voices will be of a good quality and will have
maxi mum intensity with |east expensive of energy (Nataraja
and Jayaram 1982). Most of the therapics aimto alter the
habi tual pitch level of the patients or make the patient to
use his optimum pitch (Cowan, 1936; Wst et al., 1957;
Ander son, 1961; Vanriper and Irwin, 1966).

It is therefore apparent that the measurenent of the
fundanental frequency of voice has inportant applications in
both the diagnosis and treatnment of voice disorders and also
reflects the neuronuscul ar developnent in children (Kent,

1976) .
Fundanmental frequency in speech

In daily life, man conmunicate through speech. An
eval uation of the Fop in phonation, nmay not represent the
true fundanental frequency used by an individual in speech.
Hence, it Dbecones inportant to evaluate the speaki ng

fundanental frequency.

The fundanental frequency in speech is estinmted
subjectively by matching or it is determned objectly
with a pitch neter or digi pitch. For nore preci se
measurenment, Fo, histograns are obtained with the aid of a

conput er.
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Many investigators 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
speaking fundamental frequency reported by Bohne and
H cker (1970) indicate that the nmean speaking fundanmenta
frequency decreases with age upto the end of adolescence.
A marked lowering takes plaace during adolescence in nen.
In advanced age, nean fundanental frequency in speech

becomes higher in nen but is slightly lowered in wonen.

A study of the pitch level in speech in two
groups of females, between 65 and 75 years and between 80
and 94 years, indicated no significant difference in the
pitch level between the two groups. Therefore, speaking
pitch level of wonen probably varies |little throughout

adult life.

G |l bert and Canpbel | (1980) studied the speaking
fundanmental frequency in three groups (4 to 6 years, 8 to
10 years and 16 and 25 years) of heari ng i mpai r ed
i ndividuals, and reported that the values were higehr in
the hearing inpaired groups when conpared to val ues
reported in t he literature for normal |y heari ng

i ndi vidual of the sane age and sex.

Murry (1978) studying the fundanmental frequency

in speech characteristics of four groups of subjects,
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nar.ely, vocal fold paralysis, benign nmass |esion, cancer
of the larynx and normals noted that the paranmeters of
mean fundanmental frequency in speech failed to separates

the normals fromthe three groups of pathol ogic subjects.

In a parallel study, Mirry and Doherty (1980)
reported that along with other voice production neasures
such as directional and nmagnitudinal perturbation, the
fundanental frequency in speech inproved the discrimnant
function between normals voices and nmalignancy of the

| arynx.

Savashi ma (1968) reported a rise in nmean
fundanmental frequency in speech in cases of sal ucers
vocale's and of all in nmean fundanental frequency in
speech in case of polypoid vocal folds and wvirilism Very
hi gh mean fundanental frequency in speech values result
from di sturbances of nutation in nmales. At present nean
Foin speech is neasured as a clinical t est val ue

(Hirano, 1981).

Nat ar aj a and Jagadeesh (1984) nmeasur ed
fundanmental frequency in phonation, reading, speaking and
singing and also the optimum frequency in thirty norna
mal es and thirty normal females. They observed that the

fundanental frequency increased from phonation to sirging
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with speaking and reading in between. Hence, fundanmenta

frequency has to be neasured under different conditions
in evaluation of voice disorders, i.e., it may not be
enough, if one <consider one condition to determne the
nmean fundanent al frequency used by t he case for

eval uati on of voice.

Thus the review of literature shows that t he
nmeasurenent of F, both 1in phonation and speaking i's
inmportant in assessing the neuronuscular 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 would be hel pful in assessing the earlier findings.

Frequency ranges in phonation and speech

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

intonation (Freeman, 1982).

Variations in f undanent al frequency and t he
extent of range used also relate to the i nt ent of
the speaker ( Fai r banks and Pr onbuast, 1939). Mor e

speci fically, t he spr ead of frequency range used
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corresponds to the nmood of the speaker, that 1is, as
Ski nner (1935) reports, cheerful animated speech exhibits

greater range use than serious throughtful speech.

As far as variability of fundamental frequency is
concerned, the nost extensive study is that of Equehi and
Hrsh (1969), who collected data for 84 years subjects
representing adulthood and the age levels of 3-13 years,
of one yera intervals, for the vowels /i/, [x/, [lul, [t/,
/al and / /| as produced in the sentence context. The
variability of f undanent al frequenci es progressively
decreased with the age wuntil a maximum was reached at
about 10-11 vyears. This is taken as an index of the
accuracy of the | ar yngeal adj ust nent s during vowel
producti on t hen t he accuracy of contr ol I mproves

continuousiy over a period of at least 7-9 years.

Hudson and Hol br ook (1981) st udi ed t he
fundanental vocal frequency range in reading, in a group
of young black adults, age ranging from 18 to 29 years.
Their results indicated a nean range from 81.95 to
15 H5U Hz in males and from 139.05 to 266.10 Hz in
femal es. Conpared to a simlar white population studied
by Fitch and Hol brook (1970), the black population has
greater nean frequency ranges. Fitches (1970: whi t e,

subjects showed a greater range below the nean node than
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about. This behaviour was reversed for t he bl ack
subj ects. Hudson (1981) pointed out that such patterns of
vocal behaviour may be inportant clues which alert the

listener to the speaker's racial identity.

Ceneral conclusions about the diagnostic value of
fundanmental frequency variability are difficult to make
because such measur enent s are hel pf ul in certain

pat hol ogi cal conditions but not in other's (Kent, 1976).

During speech, using a normal phonatery, nechanism
a certain degree of variability in frequency 1is expected
and indeed 1is necessary. Too limted or t wo w de

variations in frequency 1is an indication of abnor ma

functioning of the vocal system However, even if an
i ndividual has frequency range wthin nornmal limts he
may still use little inflection during speech. An octave
and a half in mles and tw octaves in fenales S

consi dered normal e frequency range.

Frequency range 1in phonati on and speech in

normals and dysphonics (based on studies conducted at

A HS H)
' Nor mal Dysphoni cs
Frequency range in Hz
Mean Range Mean Range
Phonat i on 9.00 1-29 210 117-470
Speech 295 117- 427 332 121- 496

(Nataraja and Savithri, 1990).
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Sheela (1974) has found that the pitch range was
significantly greater in trained singers than in untrained
singers. Jayaram (1975) reported that in normal males the
frequency range ranged from 90 to 510 Hz; and it ranged from
30 to 350 Hz in dysphonic nmales. The females of the nornal
and dysphonic groups presented 140 to 710 Hz; and 60 to
400 Hz as their range of frequency range respectively. He
al so reported that as a group, dysphonics, both males and
femal es presented a restricted frequency range as conpared
to normals. Thus, the neasure of frequency rnage gains

inmportance in differential diagnosis of dysphonics.

Shipp and Herntington (1965) i ndi rected t hat
| aryngital voices had significantly snmaller ranges than did
past-laryngitic voices. The result of a study by by Mirry
(1978) showed a reduced semtone range of fundanental
frequency in speech in patients with vocal folds paralysis,
as conpared with normals. Miurray and Doherty (1980) reported
that the variability in fundanmental frequency in speech
along the directional and magnitudi nal perturbation factors,
enhanced the ability to discrimnate between talkers with no
| aryngeal known vocal pathology and talkers wth cancer of

the | arynx.

Adans  (1981) di scovered t hat stutterers and

non-stutterers used a greater range of fundanmental frequency
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while reading at a higher than normal pitch as when
conpared with reading in their habitual pitch. Mor eover,
reading in a lower than normal pitch pr oduced | ess
fundanmental frequency variability then reading at habitual

pitch Ievels.

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

years, reported slightly |Iower frequency range in speech

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

can be applied to the clinical population.

Hanson, Cerraff 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 ener gy, I.e., noi se, f undanent a
frequency and intensity variations. This random energy
and aperiodicity of F, is perceived by human eras as
hoar seness. Hence, t he spectral, intensity and Fo

paraneters are nore appropriate in quatifying phonatory
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dysfunctions. The frequency related paraneters are the
nost rugged and sensitive in detecting natom cal and
physi ol ogi cal changes in the larynx (Hanson, Lyerratt and

Vard, 1983).

Anong t he f undanent al frequency rel at ed
nmedscorenents, the neasurenent of F, variation and other
paraneters are very useful in early i dentification
assessnment of severity and differentiial diagnosis of

dysphoni cs.

Cycle to cycle variation in fundamental frequency
is called pitch perturbation or jitter. Presence of snall
amount of perturbation in normal voice has been known
(Moor e, Von Leden, 1958, Von Leden et al ., 1960) .
Aperiodic laryngeal vibratory pattern have been related
to the abnormal voice (Carhart, 1983, 1941; Bow er,
1964) .

Baer (1980) explains vocal jitter as inherent to
the nethod of nuscle excitation based on the neuronuscul ar
nodel of the fundamental frequency and nuscle physiol ogy.
He has tested the nodel wusing EMG from Crico-thyroid
nmuscle and voice si gnal s, and cl ai ns neur onuscul ar
activities as the mgjor contributor for the occurance of

perturbation.
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Wke (1969), Sorenson, Horii and Leonard (1980)

have reported the possible role of |aryngeal nmucosa
reflex mechanism in Fo perturbation. Thi s Vi ew of
possible role of Jlaryngeal nucosal reflex findings get

support from the studies where deprivation or reduction
of different information from the |arynx occur ed by
anaesthesising the laryngeal nuscles. This m ght have
reduced the laryngeal nucosal reflex (Wke, 1967, 1969)

and in turn increase the jitter si ze n sust ai ned

phonation (Sorenson et al., 1990).

Hei berger and Horii (1982) also says that the
mucosal reception in t he | ar ynx are i nport ant in
mai nt ai ni ng t he | aryngeal t ensi on particularly in

sustaining high frequency tone. They stated that "the
physi ol ogi cal I nterpretation of jitter in sust ai ned
phonation should probably include bot h physi cal and
structural vari ations and myoneur ol ogi cal vari ations

during phonati on.

A nunber of high speed | aryngoscopi c noti on
pictures reveal that the laryngeal structures (the vocal
folds) were not totally symetric. Different anounts of
mucous accunmulates on the surface of the wvocal folds
during vibration. In addition turbulent a;r flow at the

glottis also causes sone parturbation. Limtations of
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| aryngeal seuro nechanism through the articular nucosal
reflex system (Gould and Skanmura, 1994; Wke, 1967) may al so
i ntroduce small perturbation in |aryngeal nuscle tone. Even
wi t hout consideration of reflex nechanism the [|aryngea
nmuscl 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 pathol ogical conditions.

Wl cox (1978), WIcox and Horii (1980) reported that
a greater magnitude of jitter occurs wth advancing age
which they attributed to the reduced sensory contribution
from | aryngeal nechanoreceptors. However, these changes in
voice with age my also be due to physical changes
associated wth respiratory and articulatory nechanism
These perturbations and related paranmeters in pitch and

anplitude can be neasured. There are different algorithns
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for the neasurenents of pitch perturbations. Sonme of them

are:
1. Absolute jitter/sec/or jita:
B ol /IR 25
N-1 i=1 O Y
wher e _ ) _
, i - 1,2,...,N extracted pitch period data
N = PER, Nunber of extracted pitch periods
2. Jitter per unit or jitt
R ED R E S B
—— E : - T,
N=-1 i=1
Jitt = ——mmmcemc e
ol QT Y
; 0
N i=1
where (i) . _
To " | = 1,2,...,N extracted pitch period data
' N = PER, Nunber of extracted pitch periods
3. Pitch period perturbation quotient (%:
L N4 /1L 4 Ger)  _(i+2)
—— 5L g - L Fq — TO
N-4 i=1 / 5 r=0
PPQ= —~-- oo
N LI ¥
)
4 F
N l:l l'J
wher e (i) . .
1,2,...,N extracted pitch period data

ey 1 -
v N = PER, Nunber of extracted pitch periods
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4. Snoothed pitch period perturbation quotient (%

L R-SE+d ,’l Ef?_l rF(1+r) (i+m)
______ ) == I T, T,
N-SF+] i=l / SF r=0
PPQ = == e
B e
- T g
0
N i=l
wher e (i) . _ .
Ty v 1 = 1,2,...,N extracted pitch period data
' N = PER, Nunber of extracted pitch periods
SF = Snoot hing factor
5. Coefficient of F variation (%
/
/1 D /1 N -2
L= B 4 = ré”—?é”
\ / N ]_:1,"’ N l—l -
R
F N ;
0 I Fr(}l}
N i=1 =
wher e,
1 N
Ni=
AN = -y-*r * period to period F- val ues
0
: =1,2,...,N extracted pitch period data

[
N = PER, Nunber of extracted pitch peri ods.
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6. Relative average perturbation (%

, 2

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

Li berman (1963) found that pitch perturbations in

normal voice never exceeds 5 m secs in the steady state

portion of sustained vowel s. Simlar

vari ati ons in

fundanmental periodicity of the acoustic wave form have been

nmeasur ed by Fairbanks (1940).

Iwata and Vonl edon (1970) reported
confidence limts of pitch perturbatoins in

ranged from-0.19 to +0.2 nsec.

that the 95%

normal  subjects

Several factors have been found to effect the val ues

of jitter such as age, sex, vowel produced,

intensities.

frequency and

Hi ggi ns and Saxman (1989) reported higher value of

frequency perturbation in nales than femal es. Gender

di fference may exist not only in magnitude,

variability of frequency perturbation.

but also in the
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Sovenson and Horii (1983) reported that nornal
femal e speakers have nore jitter than normal male speakers.
This result contradicts the findings of Hi ggins and Saxman,

(1989).

Robert and Baken, (1984) reported higher jitter
values in males and femal es. They attributed this difference
to FO. When the Fy increases the percentage of jitter val ues

decr eases.

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

Johnson and M chol, (1969) reported greater jitter
value for high vowels than low vowels in 12 English /y/

vowel s.

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

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

Sovensen and Horii, (1983) studied the vocal jitter
during sustained phonation of /a/, /i/ and /u/ vowels. The
result showed that "litter values were Jlow for /a/ wth
0.71% high for /i/ wth 0.96% and internmediate for /u/
with -0.86%
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Linville and Korabic, (1987) have found t hat
i ntraspeaker varibility tend to be greatest on the |ow
vowel /a/, with less variability on high vowels /i/ and

lul.

The values of t he nmeasur es of jitter are
dependent upon the vowels pr oduced duri ng sust ai ned
phonation and also the frequency and intensity level of
the phonatory sanple and also the type of phonat ory

initiation.

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 possi bl e.

Cycle to cycle wvariation of anplitude is «called
intensity perturbation or shinmrer. These perturbations in
anplitude can be neasured using several paraneters. There
are different algorithnms for neasurenment of anpl i tude

perturbations. Sone of them are given bel ow.

1. Shinmmer in dB/dB/or sh dB:

wher e,

), i = 1,2,...,N extracted peak to peak
anpl i tude dat a.
N - Nunber of extracted inpul ses.
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2. Shimrer percent (% or shim

! _,,l ‘{]_ _‘!( + |
-1 1_—I'_ B h
him = === ===
N e
o1 (:a)
i=1
wher e,
A , I =1,2,...,N extracted peak to peak
anpl i tude dat a.
N = Nunber of extracted inpul ses.
3. Anplitude perturbation quotient /% - APQ
-4 i=1 / 5 r=0
"Pr,_ e e e e Y 1 e o s i e e e
1 N g
_ T ;_l‘l\l.»'
N l:l
wher e,
A(ij, i = 1,2,...,N extracted peak to peak
anpl i tude dat a.
N = Nunber of extracted inpul ses.
4. Snoothed anplitude perturbation quotient (SAPQ
f,"r f/
___}__ w_géfl //}_ SF-1 L(i+2) _  (i+m) //
~-SF+1 i=l 4/ SP r=0 /
SAPQ = = e -
LN (1)
= L A
N i=1
wher e,
A , 1 =1,2,...,N extracted peak to peak

anpl i tude dat a.
N = Nunber of extracted inpul ses.
SF - Snoot hing factor
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5. Coefficient of anplitude variation (% VAM

wher e

ﬁ(i}, i =1,2,...,N - Extracted peak to peak

anpl i tude data.
N = Nunber of extracted inpul ses.
Shimrer in any given voice is dependent atleast upon

the nodal frequency level, the total frequency range and the

SPL relative to each individual voice.

M chel and Wendahl (1971) and Ram g (1980)
postulated that Shimer values should i ncreases when
subjects are asked to phonate at a specific intensity and/or

as long as possible.

Kitajima and Gould (1976) studied the vocal shinmer
during sustai ned phonation in normal subjects and patients
with laryngeal polyps. They found the value of voca
shimrer ranging from0.04 to 0.21 dB in normals and from
0.08 to 3.23 dBin the <case of vocal polyps. Although
sone overlap between the two groups was observed they
not d that the neasured value may be an wuseful index in

screening for laryngeal disorders or for diagnhosis of
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such disorders and differentiation bet ween tr.e t wo

groups.

Vowel produced and sex are the t wo factors
affecting shinmrer values as reported in the Iliterature.
Sorenson and Horii (1983) reported that normal fenale

speakers have less shimer than normal male speakers.
Wlcox and Horii (1980), repoted that shimrer values are
different for different vowels. Sorensen and Horili (1983)
studied the vocal shimrer during the sustained phonation
of /al, [i/ and /u/ vowels. The results showed that
shi mmer values was lowest for /u/ wth 0.19 dB, highest
for /a/ wth 0.33 dB and internmediate for /[i/ wth
0.23 dB. This results is supported by Horii (1980).

Several investigators have studied the treasures
of anplitude perturbation in normals and pat hol ogi cal
groups. The proposed neasurenent and their obt ai ned
data on anplitude parturbation have been sunmarised in
Table 2. Vanaja (1986), Tharmar (1991) and Suresh (1991)
have reported that as the age I ncr eased there was
increase in fluctuations in frequency and intensiity of
phonation and this difference was nore narked in fenales.
Nataraja (1986) has found that speed* of fluctuation in
fundanental frequency and extent of fluctuation in
intensity paraneters were sufficient to differentiate the

dysphonics fromthe nornals.
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Li berman (1961, 1969) has shown that pathol ogica
voices generally have large perturbation factors t han
normal voices wth conparable fundanental frequency and
that this factor is sensitive to site and |ocation of
growmhs in larynx. Pitch perturbation factor was defined
as the relative frequency of occurance of perturbation
larger than 0.5 nsec. Kitajima and Gould (1976) have
found that vocal shimer is a wuseful parameter for the

differentiation of normals and vocal cord polyp groups.

H ggins and Saxman (1989) i nvesti gat ed wi t hin
subject variation of three vocal frequency perturbation
indices over multiple sessions for 15 female and 5 nale
young adults (pitch perturbation quotient and directiona
perturbation factor). Coefficient of wvariation for pitch
perturbation quotient and directional purturbation factor

were considered indicative of tenporal stability of these

nmeasures. \Wiile jitter factor and pitch perturbation
quotient provided redundant information about |[|aryngea
behaviour. Also jitter factor and pitch perturbation

qguotient varied considerably within the individual across
sessions, while directional perturbation fact or was a

nore tenporarily stable measure.

Ver katesh et al ., (1992) reported jitter ratio

(JR), relative average perturbation, 3 poi nt ( RAP3)
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Deviation fromLinear Trend (DLT), Shimer in dB (SHM
and Anplitude Perturbation Quotient (APQ to be nost
effective paraneters 1in differentiating between nor mal
mal es, normal females and dysphonic groups. They added
that in the clinical applciation, shimrer in dB is nost
effective and can act like a quick screening device and
in pitch perturbation neasures |like Jitter Ratio (JR),
relative average perturbation (3 point) and DLT are nost

useful in differentiating |aryngeal disorders.

Sridhara (1986) studied |aryngeal wave forns of
young normal nmales and fenmales. The results are given

below in Table a and b

Tabl e a

Mean val ues of jitter (in nsec)

| al [il [ ul

Mal es 0. 065 0.11 0. 067
Fenal es 0. 058 0.03 0. 048
Table b

Mean val ues of shimer (in dB)

| al il [ ul

Mal es 0. 033 0. 066 0.15
Femal es 0. 070 0. 370 0. 44
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Chandrashekar (1987) found significant difference in
jitter values in /a/ for males /i/ and /u/ for females when
conpared with dysphonics. Also, the shimer values were
greater for vocal nodule cases than nornmals with respect to
both mal e and femal e groups. But the values were significant
difference in jitter and shinmer val ues between normals and

dysphoni cs.

Measur enent of noi se:

Kitajima (1981) did a study in which he obtained a
quatitative magnitude of the noise in sustained vowels [ah/
when wuttered by speakers wth pathol ogic vVoi ce. The
findings indicated that the noise ratio obtained could be
used as one if the reliable acoustic paranmeters of the

hoar se voi ce.

Yamagi hara (1967) states that in cases wth slight
degree of perceived hoarseness, the noise conponent appears
in the format region and in severe hoarseness, additiona

noi se over 3 kHz can be noticed.

On sound spectrographic analysis Yanajihara (1967)
has found that the sustained vowels perceived as hoarse has

the follow ng characteristics.

1. Nc se conponents in the mai n formats of

vari ous vowel s.



-45-

2. High frequency noi se conponent.

3. Loss of high frequency harnonic conponent.

As the degree of judged hoarseness increases nore
noi se appears and replaces the harnoniic structure. He
al so developed a t echni que for visual l'y eval uati ng

hoar seness based on the spectrogram

Emanuel et al., (1979) estimated noise levels in
the spectra of sustained vowels and found a relationship
bet ween the spectral noise |evel (SNL) and the perceived
magni tude of the roughness of the voice. They did not

consider the level of harnonic conponent of the spectrum

Yunoto, Gould and Baer (1982) devel oped harnonic
to noise ratio (HN as an objective and quantitatiive
eval uati on of the degree of hoarseness. The result showed
a highly significant agreenment between HN calculation
and subjecive evaluation of the spectrograns. HN ratio
proved useful in quantitative assessnment of results of
treatnent of hoarseness. Yunoto et al., (1982) and Yunoto
(1983) determiend HN ratio directly from the voi ce
signals. They reported significant agreenent between the
HN ratio and subj ecti ve spect rogr aphic eval uati on
t hereby concluding that HN ratio would be wuseful in the

assessnent of clinical treatnments for hoarseness.



-46-

They have also discussed the inportance of both
the cycle-to-cycle periodicity and the wave form wthin
one pitch period for the eval uati on of hoar seness.
bj ective evaluation of normals and hoarse voices was
perforned considering that the hoarse voi ces shows a
prominent F, intensity conpared wth harnmonics in the
voice spectrum The relative harnonic intensity (H)

obtained froma stable position of the sustained vowels

/al, is defined as the intensity of the second and higher
harnmoni cs expressed as percentage of the total vocal
intensity. 95% of the nor mal voi ces exam ned have

relative harnmonic intensity Jlarger than t he critical
value of 67.2% whereas 90% of the hoarse voices have
relative harnmonic intensity snmaller than the critical
value. The harnoniic intensity smaller than the critical
value. The harnonic intensity analysis thus provides good

di scrim nati on between normal and hoarse voi ces.

Kascya, Ogawa, Mashinma and Ebihara (1986) devised
an adaptive conb filtering nethod operati ng in t he
frequency donmain to estimte noise component s from a
sustai ned vowel phonation and proposed an acoustic
neasures of the anmount of noise in the pathologic voice
signal for the purpose of applying it in the screening of

| aryngeal disease by voice.
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Experinents wth voices sanples show that t he
normal i sed noise energy is especi al ly effective for
detecting glottic cancer, recurrent nerve paralysiis and

vocal nodules. But 22.6% of patients wth gloctic, the

cancer are incorrectly «classified as nornmal. However,
normal i sed noise energy has been shown effective in
discrimnating glottic T,-T4 cancer. The detectability of

ot her laryngeal diseases can be inproved by incorporating
ot her neasures such as jitter and shimer (Kasuja et al.,

1984).

Thus it is seen from the review of Iliterature
t hat many researchers have carried out studies concerning

various paranmeters of voice.

However, there are no such studies relating these
paraneters of voice for both normals and pathol ogica
subjects concerning the Indian population, i.e., using

MDVP sof t war e.

Anitha (1994) established a relationship between
the various acoustic par anmet er of voi ce and al so
created a database as well as normative data so that the
voi ce disorder can be clearly deleniated from the nornal

Voi ce.
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It also helps <clinically in treating the voice

disorder as it indicates which paraneter of voice is
deviant fromthe normal and the degree of its deviancy.
This wll further help the <clinician to predict t he

treatnment plan.
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METHODCOL OGY

Mul ti di mensi onal anal ysis of voice disorders

The purpose of the study was to exam ne t he
rel ati onshi p between various paraneters of voice and voice
di sorders. It was decided to consider the follow ng acoustic
paraneters to determ ne t he par anmet ers whi ch coul d
differentiate between normal and abnormal voice usi ng
mul ti di mensi onal analysis of voice progranme devel oped and

mar ked by Kay Elenetrics Inc., New Jersey.

1. Average Fundanental Frequency (Fo)

2. Average Pitch Period (Ty)

3. Highest Fundanental Frequency (HFi)

4. Lowest Fundanental Frequency (FLO

5. Standard Devi ation of Fundanental Frequency (STD)
6. F- Trenor frequency (FFtr)

7. Anplitude Trenor Frequency (Fatr)

8. Absolute Jitter (Jita)

9. Jitter percent (Jitt)

10. Relative Average Perturbation (RAP)
11. Pitch Period Perturbation Quotient (PPQ
12. Snoothed Pitch Period Perturbation Quotient (SPPQ
13. Coefficient of Fundanental Frequency Variation
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Intensity Index (FTRI)
Intensity Index (ATRI)

the paraneters are given in

14. Shinmrer in dB (ShdB)
15. Shimrer in percent (Shim
16. Anplitude Perturbation Quotient (APQ
17. Snoothed Anplitude Perturbation Quotient
18. Coefficient of Anplitude Variation (VAN
19. Noise to Harnmonic Ratio (NHR
20. Voice Turbul ence Index (VTI)
21. Soft Phonation Index (SPl)
22. Frequency Trenor
23. Anplitude Trenor
24. Degree of Voice Breaks (DVB)
25. Degree of Sub-Harnonic Breaks (DSH)
26. Degree of Voicel ess (DWV)
27. Nunber of Voice Breaks (NvB)
28. Nunber of Sub-Harnonic Segnments (NSH)
29. Nunber of Unvoiced Segnents (NW)
Definitions of all
Appendi x- 1.
Subj ect s

(SAPQ

t he

A group of 30 male, dysphonics who visited the Al

India Institute of Speech and Hearing,

conpl ai nt

of voice problim formed

The follow ng

dysphoni a distribution.

tabl e

shows

t he

t he

age

Mysore, wth
experi nent al

W se

t he

group
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Table 1
Mal es
Age range No. Di agnosi s
(in years)
17-25 10 Hoar se voi ce
17-25 5 Puber phoni a
17- 25 5 Breat hy voice
17-25 5 H gh pitched voice
17- 25 5 Nasal i sed voice

Those who had been diagnosed as case of voice
di sorder after the routine orhinolaryingological, speech,
psychol ogi cal and audi ol ogi cal evaluation were included as

subjects of this group.
| nstrunent ati on

The following instrunents were used in the present

st udy.

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

C.S.L. speech interface unit (Mdel 4300 B)
486 SX with C S. L.-50 hardware card

MDVP sof t war e

o o~ W bdF

M crophone (cardioid, unidirectional, 33-992 A)
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7. Preanplifier

8. Recording deck (Sonodyne SD-740)

These neasurenents were carried out in a sound
treated room of the Phoniatrics Laboratory of the Departnent
of Speech Science, A Il.I.S. H after arranging equipnent as

shown in block diagram

Pr ocedure

For the purpose of automatic extraction of the
acoustic paranmeters using MDVP it was decided to wuse the
phonation of vowels /a/, [/i/ and /u/. The mcrophone
(cardioid, Sony F-760) was kept 46 inches from the
subject's nmouth and the input was directly captured by the

MDVP sof tware prograne.

To study the acoustic paranmeters during speech a
meani ngful Kannada sentence wth voiced sounds was used
(/alli/ [/lgadi/ /idel/) this was recorded using the sane setup

as used for recording the phonati on.

These voice sanples were analysed with the help of
MDVP software. After the analysis the display and/or print
out of the results were obtained for each trial of each
vowel s for all subjects of dysphonics groups. Further data
was submtted to statistical analysis using NCSS software to
obtain discriptive as well as inferential statisti cal

i nformati on.
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RESULTS AND DI SCUSSI ON

The objective of the present study was to identify
the parameters which would be helpful to differentiate
normals and dysphoni cs usi ng nmul ti di mensi onal voi ce
prograne (Kay Elementrics Inc., New Jersey; MVP), which
provides the values for the following paraneters from

anal ysis of voice and speech.

Aver age Fundanmental Frequency (Fo)

Average Pitch Period (To)

H ghest Fundanental Frequency (HFi)

Hi ghest Fundanental Frequency (FLO

St andard Devi ati on of Fundamental Frequency (STD)
Fo Trenmor frequency (FFtr)

Anplitude Trenor Frequency (Fatr)

Absol ute Jitter (Jita)

© ® N o g 2 W NN e

Jitter percent (Jitt)

=
o

Rel ati ve Average Perturbation (RAP)

=
|

Pitch Period Perturbation Quotient (PPQ

=
N

Snmoot hed Pitch Period Perturbation Quotient (SPPQ

=
w

Coefficient of Fundanental Frequency Variation
(VFo)
14. Shinmer in dB (ShdB)
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15. Shimrer in percent (Shin

16. Anplitude Perturbation Quotient (APQ
17. Snoot hed Anplitude Perturbation Quotient (SAPQ
18. Coefficient of Anplitude Variation (VA
19. Noise to Harnonic Ratio (NHR)

20. Voice Turbul ence Index (VTI)

21. Soft Phonation Index (SPI)

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

25. Degree of Sub-Harnmonic Breaks (DSH)

26. Degree of Voicel ess (DW)

27. Nunber of Voice Breaks (NVB)

28. Nunber of Sub-Harnmonic Segnments (NSH)
29. Nunber of Unvoiced Segnments (NUW)

The results with reference to each paraneter are
presented here, by conparing the dysphonic group wth the

data on normals provided by Anitha (1994).
| . Average fundanental frequency (Fg)

Average fundanental frequency was measured during
phonation of /a/, /i/, [/ul and spontaneous speech production
using MDVP software. The nean, SD, for average F- are

presented in Table |I and G aph I.
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Tabl e |
Nor mati ve data taken from study done by Anitha (1994)

Nor mal s/ Dysphoni cs
Vowel s and

sent ence Mean S.D
[ al 129. 07 161. 67 18. 05 64. 94
/il 140. 22 176. 76 26. 48 68. 27
[ ul 139. 20 172.76 27.18 62. 66

Sent ence 132. 40 171. 44 18. 49 62. 75
[ al 129. 07 161. 67 18. 05 64. 94
[il 140. 22 176.76 26. 48 68. 27
[ ul 139. 20 172.76 27.18 62. 66

Sent ence 132. 40 171. 44 18. 49 62. 75

Fromthe table given above, it shows, higher nean
values for dysphonics. The SD also being higher than
normal s. The range was less for the normals as conpared to
the dysphonics the range was nmore. T test showed no
significant difference for /al/, /i/, /ul and sentence.

A conparison of normals and dysphonics showed no
significant difference of 0.05 level for both vowel s
and sentence. The T values were /a/ = 1.21, [i/ = 1.71,
[u/ = 1.782 and sentence = 1.69.

Thus the hypot hesi s stating t hat t here is
no significant difference between normals and dysphonics in

ternms of average fundanental freugency was accept ed.
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1. Average Pitch Period (To)

The nmean and SD, and are presented for the two
groups. Normals taken fromthe study done by Anitha (1994)
and dysphonics in Table Il and G aph II.

Tabl e 11

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S. D
[ al 7.91 6. 92 1. 062 2.86
/il 7.35 6. 31 1.138 2.85
[ ul 7.26 6. 38 1. 090 2.70
Sent ence 7.76 6. 35 1. 064 2.41

The nmean, SD and range for dysphonoics, the mean T
and SD were 6.92 ns and 2.86 ns. The range being 2.8 to
12.04 ns for vowel /a/. The nean, SD and range for vowel /i/
are 6.31 ms, 2.8 nms and the range 2.16 to 12.10 nms. The
mean, SD and range for vowel /u/ are 6.38 ms, 2.70 nms and
the range being 2.82 to 11.005. The nean, SD and range for
sentence are 6.35 nms, 2.41 ns and the range being 2.17 to
10.37 nms. However the nmean of T, for dysphonics was nmaxi num

for vowel /a/ and mninmumfor vowel /i/.

A conparison of normals and dysphonics grou) showed

no significant difference between the two groups in terns of
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T at 0.05 level and the T value is -1.77.

Thus the hypothesis stating that there is no
significant difference between male normals and dysphonics

in terns of average pitch period was accepted.
I11. Hi ghest fundanental frequency (HF)

The hi ghest fundanental frequency during phonation
and sentence production for normals taken from the study

done by Anitha (1994) and dysphonics are presented in

Table Il and Gaph I11.
Table |11
Nor mal s/ Dysphoni cs

sent ence Mean S.D.

lal 133. 17 177.12 19. 52 68. 86

lil 146. 55 199. 03 26. 36 62.16

[ ul 146. 74 188. 50 25. 65 62. 34
Sent ence 116. 14 213.70 26. 70 68. 47

The nean, SD and range for vowels /a/, /i/ and [ul
for dysphonics are 177.12 Hz, 68.86 Hz and range 93.95 to
301.02 Hz, /i/, 199.03 Hz, 62.16 Hz and range 87.0 to 413.76
Hz, for vowel /u/, 188.5 Hz, 62.34 Hz and 97 to 293.89 Hz.
For sentence 213.70 Hz, 68.47 Hz and 109 to 313.87 Hz. It
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was seen that the nean for dysphonics were nore than
normals. The standard deviation and range were al so
hi gher for dysphonics than normals. But however HFO for

sentence was hi ghest when conpared to vowels for both the

group.

A conparison of normals and dysphonics showed no
significant difference at 0.05 level for vowels /a/, [il
and /u/ but showed significant difference for sentence

P value = 0.0008 and T val ue 2.57.

Thus the hypothesis stating that there is no
significant difference between nmale normals and dysphonics
in terns of highest fundanental frequency for vowels /a/,

[i/, [ul was accepted and for sentence was rejected.

The results can be discussed as follows. As in
sentence the speech sanple consists of both high and |ow
vowel s the resultant HFO may be higher. The present study
goes in accordance wth the results of study done by

Anitha (1994).

| V. Lowest Fundanental Frequency (LFg)

It is the Ilowest fundnmental frequency for all
extracted pitch periods. Table 1V and G aph IV presents the

mean, SD and for LF,. Table |1V shows nornmative data of LFO
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whi ch was taken fromthe study done by Anitha (1994) and

of dysphoni cs.

Table IV

Nor mal s/ Dysphoni cs
Vowel s and

sent ence Mean S. D.
/ al 123. 42 129. 01 21. 85 60. 08
lil 134. 31 148. 21 26. 03 62. 52
[ ul 134. 17 148. 91 29. 13 59. 37
Sent ence 101. 94 123. 38 14. 87 43. 31

Fromthe Table 1V it shows that the neans of
dysphonics were simlar to that of normals /a/ = 123.42 Hz,
[ al dysphonics = 129.01 Hz, normal /i/ = 134.31 Hz, /il
dysphonics - 148.21 Hz, normals /u/ - 134.17, dysphonics /u/
= 148.91. The SD for dysphonics were higher than normals for
both vowels and sentence SD of /a/ normals = 21.85 Hz,
dysphonics /a/ = 60.08, /i/ normals - 26.03 Hz, dysphonics
/il = 62.52 Hz, normals /u/ - 29.13 Hz, dysphonics /u/ =
59.37 Hz and sentence for normals = 14.87 Hz, dysphonics
sentence SD - 43.31 Hz.

The range for dysphonics were larger as conpared to
the range of normals. The range for vowel /a/ are normals

[al = 126 to 169 Hz, dysphonics /a/ = 95.59 Hz to 254.01 Hz,



@G aph 4
Means of Normals Vs Dysphonics

Lowest fundanental frequency
160] o

140
120
100 -
80 |

60 |
40 |

20 -

O — e S e |
\u\ S

B Normals ~ Dysphonics



-64-

for vowel /i/, normal /i/ = 105 Hz to 275 Hz, dysphonics /i/
= 97.43 to 266.607 Hz. For vowel /u/, normal /u/ = 177 to
194 Hz, dysphonics /u/ = 87.56 Hz to 266.45 Hz and for
sentence it was normal = 75 to 137 Hz and dysphonics 66 to

197.62 Hz.

The conparison of normals and dysphonics showed no
significant difference for vowel /a/, /i/ and /u/ of 0.05
level and T value are /a/ = 0.47, /i/ = 1.2 and /u/ = 1.11
but showed significant difference for sentence the T value -
-2.56 at 0.05 level. This is because of w der range shown by

dysphoni cs.

Thus the hypothesis stating that there 1is no
significant difference between male normals and dysphonics
internms of |owest fundanmental frequency for vowels /a/,

lil, lul was accepted and for sentence was rejected.

Since in sentence, due to inflections wused during
the production of sentence, use of different speech sound
having different wvocal tract configuration which would
indirectly affect the fundanental frequency of the voice had
led to increase in LFO. Normals were as in dysphonics due to
various vocal pathology, their ability to control the voca
system decreases and hence Ilow fundanental frequency

conpared to nornmals.
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V. Standard Devi ation of Fundanental Frequency (STD)

It is the standard deviation of all extracted period
to period fundanental frequency values. Table V shows
normative data, which was taken from the study done by
Anitha (1994). Table V shows nean, SD and dysphonics. G aph

V shows the neans of normals Vs dysphoni cs.

Tabl e V

Nor mal s/ Dysphoni cs
Vowel s and

sent ence Mean S. D
[ al 2.36 6. 03 10. 64 4. 29
li] 1.94 6. 97 0.78 591
[ ul 1.49 6.77 0.59 4,72
Sent ence 1.25 15. 99 1. 07 8. 95

Fromthe table Vit 1is clear that the neans of
vowel s and sentence for dysphonics were higher than normals.
The neans are /a/ normal /a/ = 2.36 Hz, dysphonics /al =

6.03 Hz, for /i/ normals /i/ = 1.74 Hz, dysphonics /il =

6.97 Hz and for sentence, normals = 1.25 Hz, dysphonics
15.99 Hz. The nean for sentence of dysphonics was highest.
The standard deviation for dysphonics was higher when
conpared to the normals for both vowels and sentence. SD for

vowels for normals /a/ = 10.64 Hz and for dysphonics was /a/
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4.29. In this the normals SD was hi gher than dysphonics /a/,
SD for vowel /i/ normals /i/ 0.78 Hz, dysphonics /i/ 5.91,
for vowel /u/ normal /u/ 0.59 Hz, dysphonics /u/ 4.72 and
the SD sentence normals was 1.07 Hz, dysphonics was 8.95 Hz.
The range for STD was relatively higher in dysphonics than
normal s except for vowel /a/, range for vowel /a/, nornmal
[al 0.05 to 102 Hz, dysphonics 0.89 to 13.95 Hz, for vowel
[i/, normal /i/ = 0.603 to 4.161 Hz, dysphonics /i/ = 0.87
to 20.92 Hz. For vowel /u/, in normal for /u/ was 0.776 to
3.513 Hz, dysphonics /u/ 0.73 to 14.69 Hz and the range for
sentence in normals was 0.616 to 10.2 Hz and dysphonics it
was 0.77 to 36.03 Hz. This study goes in accordance with the

study done by Anitha (1994).

A conparison of normals and dysphonics showed
significant difference at 0.05 level for all vowels and
sentence. The T values are /a/ - 6.13, /[i/ - 5.12, [ul -

6.07 and sentence = 8. 96.

Thus the hypothesis stating that there 1is no
significant difference between nale nornmals and dysphonics
in terms of standard deviation of fundanental frequency was

accept ed.

Since STD is calculated by extracting the deviation

in fundanental frequency during phonation and sentence. The
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increase in STD in dysphonics nmay be attributed to the
inability to maintain a constant pitch and intensity during

phonation and sentence due to various vocal pathol ogy.

VI. F- Trenor frequency (FFtr)

It is the frequency of the npbst intensive |ow
frequency F* nodul ating conponent in the specified F- trenor

anal ysi s range.

Table VI and G aph VI presents the nean, SD and
range of FFTR. Table VI is taken from the study done by
Anitha (1994), normative data.

Tabl e VI

Nor mal s/ Dysphoni cs
Vowel s and

sent ence Mean S. D
| al 2.75 9. 06 2.726 14. 37
lil 2. 86 4. 46 3.39 3.92
[ ul 4. 337 5.50 9.20 4. 02
Sent ence 5. 399 5.79 3. 06 3.56

From Table VI it is clear that the neans for vowels
of dysphonics were higher than the neans of normals. For
vowel /al/, normal /al/ = 2.75 Hz, dysphonics /al = .06 Hz,

for vowel /i/, normals /[/i/ = 2.86 Hz, dysphonics /il =



G aph 6:
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4.46 Hz, for vowel /u/, normals /u/ = 4.33, dysphonics
fu/l = 5.50 Hz, for sentence normals = 5.399 Hz, dysphonics -

5.79 Hz.

The standard deviations for FFTR were also higher
for vowels /a/, /i/, and sentence and Ilower for /u/ of
dysphonics vs. normals. The SD for vowel /a/ normal /[al =
2.726 Hz, dysphonics /al - 14.37 Hz, for vowel /[/i/ normal
[il = 3.39 Hz, dysphonics /i/ 3.92, for vowel /u/, normals
ful 9.20 Hz, dysphonics /u/ 4.02 for sentence normals -

3.06, dysphonics is 3.56 Hz.

The range of FFTR were also simlar to that of nean
and SD. The range of dysphonics were l|larger for vowels /[/al,
/i1l and sentence except for vowel /u/ for dysphonics Vs.
normals. The range for vowel /a/ - normals /a/ = 1.02 to
75.38 Hz, dysphonics /a/ = 1.11 to 79.423 Hz, for vowel /i/,
normals /i/ = 1.005 to 22.22 Hz, dysphonics /i/ = 1.013 to
21.05 Hz, for vowel /u/, normals = 1.01 to 82.7 Hz,
dysphonics = 1.016 to 18.182 Hz. For sentence the are,
normals = 1.581 to 10. 256, dysphonics 1.15 to 16 Hz.

A conparison of normals and dysphonics showed
significant difference for vowels /a/ and /i/ at 0.05
levels. The T values are /i/ = 5.12, /al = 3.89, and showed
no significant difference for vowel /u/ and sentence at 0.05

| evel .
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Thus the hypot hesi s stating t hat t here i's
significant difference between male normals and dysphonics
in terns of fundamental trenor frequency for vowels /a/ and

/il was rejected and, for /u/ and sentence was accepted.

The reason for having higher nmeans in dysphonics is
due to that in dysphonics were unable to maintain a constant
pitch in phonation. The reason for highest nean for vowel
/al may be that since FFTR calculated the [|owest frequency

FA nodul ati ng conponent, as /a/ is lowlevel vowel and the

Iwo F- as conpared to 'i' and 'u" vowels. Vowel 'a has the

hi ghest nean.

VI1. Anmplitude Trenmor Frequency (Fatr)

It is defined as the frequency at the nobst intensive
|l ew frequency nodulating conponent in t he speci fi ed
anplitude trenor frequency analysis range. Table WVII and
Graph VI1 shows the nmean of SD and of FATR  Table WVII
was taken from the study done by Anitha (1994) a normative

dat a.

Tabl e VI I

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S. D
[ al 2. 306 3.46 1.226 1.74
il 2. 338 4,91 1.444 11.12
[ ul 2.83 3.08 1. 828 3.09

Sent ence 3:96 3.02 1.70 1.28
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From Table VII it is <clear that the neans of
dysphoni cs were higher than normals except for sentence. The
means of vowels, for vowel /a/ normal /a/ = 2.306 Hz,
dysphonics /al - 3.46 Hz, for vowel /i/, normals /i/ = 2.338
Hz, dysphonics /i/ = 4.91 Hz, for vowel /u/, normals /u/ -
2.83 Hz, dysphonics /u/ = 3.08 Hz, for sentence, normals =
3.96 Hz, dysphonics - 3.02 Hz. The SD for dysphonics were
al so greater than normals. The SD for vowels are, fcr vowel
/al, normal /al = 1.226 Hz, dysphonics /a/ = 1.74 Hz, for
vowel /i/ normal /i/ = 1.449 Hz, dysphonics /i/ = 11.12 Hz,
for vowel /u/, normals /u/ = 1.828 Hz, dysphonics /u/ = 3.09
Hz. For sentence, normals = 1.7 Hz, dysphonics - 1.28 Hz.
The range of dysphonics were larger, than the range of
normal s. The range for vowels are, for vowel /a/, normal /a/
= 1.02 to 5.47 Hz, dysphonics /a/ =1 to 7.27 Hz, fcr vowel
[il, normals /i/ =1to 7.5 Hz, dysphonics /i/ = 1.05 to
62.486 Hz. For vowels /u/, normals /u/ = 1.044 to 11.11 Hz,
dysphonics /u/ = 1.06 to 18.65 Hz, and for sentence, normals

= 1.581 to 11.11, dysphonics 1.153 to 6.285 Hz.

A conparison of dysphonics and normals showed
significant difference for vowel /a/ and sentence at 0.05
| evel, the T values are /a/ - 2.96, sentence - 2.41, and
showed no significant difference for vowels /i/ and /[u/ of

0.05 | evel.
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Thus the hypot hesi s stating t hat t here i's
significant difference between male normals and dysphonics
in terns of anplitude trenor frequency for vowels /a/ and

sentence was rejected and for vowel /i/ was accepted.

The results can be discussed as follows: as the nean
for dysphonics were higher the reason is attributed to the
inability of the dysphonics to maintain a constant pitch and
intensity due to various vocal pathologies. There was
significant difference for vowel /a/ and sentence between
normal s and dysphonics. Again it may be attributed to the
inability of the dysphonics to maintain a constant pitch and
intensity. As FATR is a measure of the nost intense | owest
to nodul ati ng conponent, vowel /a/ is a low frequency, and
in sentence due to presence of both high and | ow vowel s. The
decrease in nean for sentence could be due to inability to

use their vocal systemefficiently as conpared to nornmals.

VI11. Absolute Jitter (Jita)

It is an wevaluation of the period to peri od
inability of the pitch period wthin the analysed voice

sanpl e.

Table VII1 presents nean and SD of Jita and norma
data, which was taken fromthe study done by Anitha (1994).

Table WVIII presents nmean, SD and range of Jita for
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dysphoni cs group. Gaph VIII conpares the neans of normals

vs. dysphonics of Jita paraneter.

Table VIII

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S. D
[ al 36. 169 153. 67 20. 907 140.997
lil 34. 983 144. 92 20. 425 144.030
[ ul 49. 343 180. 16 22.660 157.710
Sent ence 238 .67 264. 17 57.620 167.430

The nmeans of dysphonics were higher than the neans
of normals for both vowels and sentence, the nean of
sentence were highest for both the groups. The neans for
vowel /al/, normal /a/ = 36.169 vs, dysphonics /a/ = 153.67
vs, for vowel /i/, normal /i/ - 34.98 us, dysphonics /il =
144.92 vs, for wvowel /u/, normals /u/ = 49.343 s,
dysphonics /u/ = 180.16 vs. For sentence normals = 238.67
us, dysphonics - 264.17 vs. The SD for dysphonics were

hi gher than nornmal s.

The SD for vowel /a/, normals /a/ = 20.907 us,
dysphonics /al/ = 140.03 us, for vowels /i/, normals /il -
20. 425 us, dysphonics /i/ = 144.95 wus, for vowel /u/,
normals /u/ = 22.66 us, dysphonics /u/ = 157.71 wus, for
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sentence, normals = 57.62 us, dysphonics = 167.43 wus. The
ranges for dysphonics were higher (larger) than the range of
normal s. The range for vowel /a/, normals /a/ = 9.79 to

125.52 us, dysphonics /a/ = 0.995 to 452.6 wus, for vowel

[il, normals /i/ = 8.85 to 99.94 us, dysphonics /i/ = 45.4
to 452.10 us. The range for vowel /u/, normals /u/ = 11.10
to 70.83 us for sentence, normals - 130.81 to 410.35 us,

dysphonics - 101.1 to 627.62 us.

A conmparison of normals and dysphonics showed
significant difference for both vowels and sentence at 0.05
level and the T value are /a/ = 4.32, /il = 4.76, /ul = 9.17

and sentence = 5.73.

Thus the hypothesis stating that there is no
significant difference between male normals and dysphonics
in terms of absolute jitter for vowels /a/, [il, [ul and

sentence was rejected.

This may be due to the inability of the dysphonics
to maintain a constant pitch in both phonation and sentence.
The results of this study in agreement with the results of
study done by Chandrashekar (1987), Vonleder et al. (1966)
and Anitha (1994).

| X. Jitter percent (Jitt)

It is an evaluation of the wvariability of the

pitch period wthin the anal ysed voi ce sanpl e. It
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represents the relative period to period (very short term

variability.

The mean, SD and this paraneter are presented in
table I X which was taken fromthe study of Anitha (1994) of
normal s of Table | X presents nmean, SD of dysphonics. G aph

| X presents the neans of normals Vs. dysphonics.

Table | X

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S. D
[ al 0. 654 2.35 0.513 1.95
lil 0. 950 2.21 0. 730 1.50
[ ul 0. 825 2. 47 0. 440 1.62
Sent ence 3.128 5.35 0. 662 3.50

The nmean of dysphonics were higher than neans of
normals for both vowels and sentence. However the neans of
sentence were higher than vowels for both the groups. The
nmeans for vowels are, for vowel /a/, normals /a/ = 0.654%

dysphonics /al = 2.35% for vowel /i/, normals /i/ - 0.95%

dysphonics /i / 2.21% for vowel /u/, normals /u/ = 0.825%
dysphonics /u/ - 2.47, for sentence normals - 3.108%

dysphonics = 5.35%
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The standard deviation for dysphonics were higher
than normals. The SD for vowel /a/, normals /a/ = 0.513%
dysphonics /a/ = 1.95% for vowels /i/, normals /i/ - 0.73%
dysphonics /i/ = 1.5% for vowel /u/, normals /u/ = 0.44%
dysphonics /u/ = 1.62% for sentence, normals - 0.662%
dysphonics = 3.5% The ranges of dysphonics were |arger than
the range of normals, the range for vowels are, for vowel
/al, normal /a/ = 0.152 to 2.862% dysphonics /a/ = 0.367 to
6.195% for vowel /i/, normals /i/ = 0.147 to 3.368%
dysphonics /i/ = 0.401 to 5.321% The range for vowel /[u/,
normals /u/ = 0.232 to 2.84% dysphonics /u/ = 0.396 to
6.321% for sentence, normals = 1.823 to 5.04% dysphonics =
0.560 to 13.727.

A conparison of normals and dysphonics showed
significant difference for both vowels and sentence at 0.05
level and the T value are /a/ = 4.602, /il = 4.03, /[ul =

5.37 and sentence = 3.42, respectively.

Thus the hypot hesi s stating t hat t here S
significant difference between male normals and dysphonics
interns of jitter percentage for vowels /a/, /i/, [ul and

sentence was rejected.

This present study goes in accordance with the study

done by Anitha (1994). The higher nmean in case of dysphonics
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may be attributed to the inability of them to maintain

constant pitch in both phonaticn and sentence.
X. Relative Average Perturbation (RAP)

It is defined as the relative evaluation of the
period to period variability of the pitch of the analysed
voi ce sanple with snmoothing factor of three periods. Table X
shows nmean, SD normals which was taken from a study done by
Anitha (1994). Table X shows nean and SD of dysphonics.

G aph X shows the neans of nornals vs. dysphonics.

Tabl e X

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S.D.
[ al 0. 384 1. 36 0. 316 1.01
lil 0. 580 1.23 0. 455 0. 98
[ ul 0. 490 1. 46 0. 274 0. 96
Sent ence 1.679 2.52 0. 390 1. 06

The nmeans of dysphonics were higher than neans of
normal s for both vowels and sentence. However the neans of
sentence were highest than vowels in both the groups. The

means for vowels are, for vowel /a/, normals /a/ = 0.389%
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dysphonics /a/ = 1.36% for vowel /i/, normals /i/ = 0.58%
dysphonics /i/ = 1.23% for vowel /u/, normals /u/ = 0.49%
dysphonics /u/ = 1.46% for sentence normals = 1.679%

dysphonics = 2.52%

The standard deviation for dysphonics were higher
than normals. The SD for vowel /a/, normals /al/ = 0.316%

dysphonics /a/ = 1.01% for vowels /i/, normals /il =

0. 455% dysphonics /i/ = 0.98% for vowel /u/, normals /u/
0.279% dysphonics /u/ - 0.96% for sentence, nornals =
0.39% dysphonics = 1.06% The ranges of dysphonics were
| arger than the range of normals, the range for vowels are,
for vowel /a/, normal /a/ - 0.075 to 1.76% dysphonics /al =
2.009 to 3.283% for vowel /i/, normals /[/i/ = 0.079 to
2.047% dysphonics /i/ = 0.215 to 3.986% The range for
vowel /u/, normals /u/ = 0.123 to 1.781% dysphonics /u/ =
0.239 to 3.615% for sentence, normals = 1 to 2.828%
dysphonics = 0.317 to 5.012%

A conparison of normals and dysphonics showed
significant difference for both vowels and sentence at 0.05
level and the T value are /a/ = 4.94, /i/ = 3.29, /u/ = 5.32

and sentence = 4.12, respectively.

Thus the hypot hesi s stating t hat t here is

significant difference between nmale nornmals and dysphonics
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in terns of relative average perturbation for vowels /[al,

[i/, lul and sentence was rejected.

This present study goes in agreenent wth the
results of a study done by Anitha (1994). The results can be
di scussed as follows. The increase in neans of dysphonics
are incapable of mintaining a constant pi tch whi |l e

phonati on and speaki ng.
XlI. Pitch Period Perturbation Quotient (PPQ

It is the relative evaluation of the period to
period variability of the pitch within the analysed voice

sanple with a snoothing factor of five periods.

Table Xl presents nmean and SD and normal s data which
was taken fromthe study done by Anitha (1994). Table Xl
al so presents nean and SD of dysphonics. Gaph X presents

means of normals vs. dysphonics.

Tabl e Xl

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S. D.
/al 0. 381 1.24 0.293 0.97
[il 0.572 1.17 0.426 0.79
[ ul 0. 484 1.18 0.243 0.72

Sent ence 1.932 2.43 0. 418 0.92
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The nmeans of dysphonics were higher than neans of
normals and the nmean of sentence were the highest for both
the groups. The nean of vowels are, for vowel /a/, normals
[al = 0.381% dysphonics /a/ = 1.24% for vowel /i/, normals
/1] = 0.572% dysphonics /i/ - 1.17% for vowel /u/, normals
[ul = 0.484% dysphonics /u/ = 1.18% for sentence normals =

1.932% dysphonics = 2.43%

The standard deviation for dysphonics were higher
than normals. The SD for vowel /a/, normals /a/ = 0.293%
dysphonics /a/l = 0.97% for vowels /i/, normals /il -

0.426% dysphonics /i/ = 0.79% for vowel /u/, normals /u/

0.243% dysphonics /u/ = 0.72% for sentence, nornals

0.418% dysphonics - 0.92% The ranges of dysphonics were
| arger than the range of normals, the range for vowels are,
for vowel /a/, normal /a/ = 0.098 to 1.632% dysphonics /[ al
= 0.21 to 3.39% for vowel /i/, normals /i/ = 0.089 to
1.867% dysphonics /i/ = 0.23 to 7.36% The range for vowel
ful, normals /u/ = 0.126 to 1.429% dysphonics /u/ = 0.226
to 2.755% for sentence, normals - 1.072 to 3. 231%

dysphonics = 0.319 to 4.271%

A conparison of normals and dysphonics showed
significant difference for both vowels and sentence at 0.05
level and the T value are /al/ = 4.64, [i/] = 4.32, [ul = 4.48

and sentence = 2.71, respectively.
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Thus the hypot hesi s stating t hat t here S
significant difference between male normals and dysphonics
in ternms of pitch perturbation quotient for vowels /a/, /il,

/u/ and sentence was rejected.

The results of this present study goes in accordance
with the results of study done by Anitha (1994). The results
can be discussed as follows. The increase in nmeans in
dysphonics can be attributed to inability to maintain
constant pitch during phonation and sentence by t he

dysphonics due to various vocal pathology in their vocal

f ol ds.
Xl'l. Snoothed Pitch Period Perturbation Quotient (SPPQ

It is the relative evaluation of the short or
long term variability of the pitch period wthin the
anal ysed voice sanple wwth a snmoothing factor defined by

t he user.

Table XI| presents nean and SD of normals which was
taken fromthe study done by Anitha (1994). Table X
presents nmean and SD of dysphonics. G aph XIl presents neans

of normals vs. dysphonics.
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Tabl e XI|

Nor mal s/ Dysphoni cs

Vewel s and

sent ence Mean S.D.
[ al 0. 596 1. 60 0. 262 1.04
lil 0. 763 1.28 0. 398 0.83
[ ul 0. 643 1. 45 0.217 0.73
Sent ence 5.032 5.61 1.735 3.20

The neans of dysphonics were higher than neans of
normal s and the nean of sentence were the highest for both
t he groups. The nean of vowels are, for vowel /a/, normals
/[ al - 0.596% dysphonics /al/ - 1.60% for vowel /i/, normals

[il - 0.763% dysphonics /i/ 1.28% for vowel /u/, normals

[ul = 0.643% dysphonics /ul/ 1.45% for sentence normals =

5.032% dysphonics = 5.61%

The standard deviation for dysphonics were higher
than normals and the SD for sentence was highest. The SD for
vowels are, for vowel /a/, normals /al - 0.262% dysphonics
lal = 1.04% for vowels [il/, normals /i/ = 0. 398%
dysphonics /i/ = 0.83% for vowel /u/, normals /u/ = 0.217%
dysphonics /u/ = 0.73% for sentence, normals = 1.435%
dysphonics = 3.20% The ranges for dysphonics were |arger

than the range of normals, the range for vowels are, for
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vowel /a/, normal /a/ = 0.191 to 1.60% dysphonics /[al -
0.478 to 4.566% for vowel /i/, normals /i/ = 0.228 to
1.935% dysphonics /i/ = 0.327 to 3.27% The range for vowel
fu/, normals /u/ = 0.298 to 1.699% dysphonics /u/ = 0.356
to 2.91% for sentence, normals = 2.102 to 9.982%

dysphonics = 0.621 to 13.562%

A conparison of normals and dysphonics showed
significant difference at 0.05 level for only vowels and
showed no significant difference for sentence. The T value

are /al =5.12, /i/ = 2.41, /ul = 5.89, respectively.

Thus the hypothesis stating that there is no
significant difference between nale normals and dysphonics
in ternms of snoothed pitch perturbation quotient for
sentence was accepted and for vowels /a/, [i/, [ul was

rej ected.

The present study goes in accordance wth the
results of the study done by Anitha (1994). The results can
be discussed as follows. The increase in neans of SPPQ in
dysphonics can be attributed to the inability of the

dysphonics to maintain a constant pitch during phonation.

XI'I'l. Coefficient of Fundanmental Frequency Variation (VF)

This is defined as relative standard deviation of

the Fop and it reflects, in general, the variation of F, The
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mean and SD are presented in Table XIII, which vas taken
fromthe study done by Anitha (1994) On nornals. Table XiI
shows nean and SD of dysphonics, Graph X1l shows neans of

normal s vs. dysphonics.

Tabl e XI|

Nor mal s/ Dysphoni cs
Vowel s and

sent ence Mean S.D.
[ al 0. 939 3.68 0.412 3.05
[il 1. 264 4. 02 0. 540 3.20
[ ul 1. 050 3.53 0. 318 2.70
Sent ence 8. 520 10. 108 2.164 4.16

The neans of dysphonics were higher than neans of
normal s and the nean of sentence were the higher conpared to
vowel s in both the groups. The neans of vowels are, for
vowel /a/, normals /a/ = 0.939% dysphonics /a/ = 3.68% for
vowel /i/, normals /i/ = 1.264% dysphonics /i/ = 4.022%
for vowel /u/, normals /u/ = 1.05% dysphonics /u/ = 3.53%

for sentence normals = 8.52% dysphonics = 10.108%

The standard deviation for dysphonics were higher
than normals and the SD for sentence in dysphonics was
hi ghest anong all. The SD for vowels are, for vowel /[a/,

normals /a/ = 0.412% dysphonics /a/ - 3.05% for vowels
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[il, normals /il 0.59% dysphonics /i/ = 3.05% for vowel

[ul, normals /ul 0.318% dysphonics /u/ = 3.53% for
sentence, normals = 2.164% dysphonics = 4.16% The ranges
for dysphonics were larger than nornals and the range for
sentence in dysphonics was the largest. The ranges for
vowel s are, for vowel /a/, normal /a/ = 0.296 to 2.854%
dysphonics /a/ = 0.199 to 9.962% for vowel /i/, normals /il
= 0.914 to 2.659% dysphonics /i/ = 0.234 to 9.789% The
range for vowel /u/, dysphonics /u/ - 0.57 to 9.005% for
sentence, normals = 4.981 to 17.421% dysphonics = 0.921 to

15.305% The results of the present study goes in accordance

with the results of a study done by Anitha (1994)

A conparison of normals and dysphonics showed
significant difference at 0.05 level for both vowels and
showed no significant difference for sentence. The T value
are /al = 4.87, il = 4.54, [ul = 4.87 and sentence = 1. 84,

respectively.

Thus the hypot hesi s stating t hat t here i's
significant difference between nmale nornmals and dysphonics
in ternms of coefficient of fundamental frequency variation

for vowels /a/, /i/, /ul and sentence was rejected.

The results can be di scussed as foll ows the neans of

VFo increases in dysphonics because of the inability of the
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dysphonics to nmaintain a constant pitch while phonation. The
nmean of sentence were highest because in sentence depending
upon the sentence the pitch keeps varying and as a

trisyll abee speech was used, the nean increased in sentence.

XIV. Shinmer in dB (ShdB)

This is a measure of wvery short term (cycle to
cycle) irregularity of the peak to peak anplitude of the
voi ce. The nean, SD and range are presented in Table XV,
normative datas which was taken from the study done by
Anitha (1994) On normals. Table XIV shows nean and SD
for dysphonics, Gaph XV shows neans of normals vs.

dysphoni cs.

Table XIV

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S. D
[ al 0. 254 0. 7017 0. 088 1.05
lil 0.2214 0. 67 0. 087 0. 69
[ ul 0. 166 0.59 0.122 0.51
Sent ence 1.13 1. 8005 0. 209 1.33

The means of dysphonics were higher than neans of
normals and the nmean of sentence in dysphonics is the

hi ghest among all. The nmean of vowels are, for vowel /al.
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normals /a/ = 0.254 dB, dysphonics /a/ = 0.7017 dB, for
vowel /i/, normals /i/ = 0.2214 dB, dysphonics /il - 0.67
dB, for vowel /u/, normals /u/ = 0.166 dB, dysphonics /u/
= 0.59 dB, for sentence normals = 1.13 dB, dysphonics =
1. 8005 dB.

The standard deviation for dysphonics were higher
than normals and the SD for sentence in dysphonics was
hi ghest anong all. The SD for vowels are, for vowel [al/,
normals /a/ = 0.088 dB, dysphonics /a/ = 1.05 dB, for vowels
[il, normals /i/ = 0.087 dB, dysphonics /i/ = 0.69 dB, for
vowel /u/, normals /u/ = 0.122 dB, dysphonics /u/ = 0.59 dB,
for sentence, normals - 0.209 dB, dysphonics = 1.83 dB. The
range for dysphonics are larger and the range for sentence
in dysphonics is the largest. The ranges for vowels are, for
vowel /a/, normal /a/ = 0.079 to 0.502 dB, dysphonics /al =
0.15 to 5.88 dB, for vowel /i/, normals /i/ = 0.083 to 0.587
dB, dysphonics /i/ = 0.13 to 3.26 dB. The range for vowel
fu/, normals /u/ = 0.046 to 0.577 dB, for dysphonics /u/ =
0.104 to 2.309 dB, for sentence, normals = 0.986 to 1.888
dB, dysphonics = 0.362 to 10.126 dB.

A conparison of normals and dysphonics showed
significant difference at 0.05 level for both vowels and
sentence. The T value are /a/ = 2.32, /i/ = 3.54, /ul = 4.50

and sentence = 1.98, respectively.
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Thus the hypot hesi s stating t hat t here S
significant difference between nmale normals and dysphonics
in terms of Shimer in dB for vowels /a/, [i/, [/ul and

sentence was rejected.

The results of the present study goes in accordance

with the study of Anitha (1994). The results can be

di scussed as foll ows.

As it could be noted from the definition of the
parameters, Shimer in dB (shdB), Shimer per cent,
anpl i tude perturbation quotient (APQ), snoothed anplitude
perturbation quotient (SAPQ, and coefficient of peak
anplitude variation (vAn) are discussed together. These
paraneters are neasure the short or long termvariability of
the peak to peak anplitude but tey are different in terns of
snmoot hing factors used. As APQ uses snoothing factor 11,

SAPQ = 55 and SAPQ = ranges from 1 to 199 peri ods.

The nean for sentence were highest because of the
infelctions used during the production of sentence having
di fferent vocal tract configuration, which would indirectly

affect the intensity/anplitude of the voice signal.

The results of the present study goes in accordance
with the results of various study done by Von Leden et aL.

(1960), Venkatesh et al. (1992) and Kitajima and Gould
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(1976). This could be attributed to the inability of the
dysphonics to mintain a constant intensity in bot h

phonati on and sentence.

However, it was seen that pitch extraction errors
may affect voice very well with a snoothing factors of 11,
SAPQ is identical to the anplitude perturbation quotient
i ntroduced by Koi ke (1973), Koi ke and Calcatera (1977).
Because of the snoothing factor, APQ is not sensitive to
pitch extraction errors, while it is less sensitive to the
period to period anplitude variations, it still describes
the short term anplitude perturbation of the voice very

wel | .

At high snoothing factors, SAPQ correlates with the
intensity of the long term peak to peak anpl i tude
vari ation. The studies of patients with spasnodic dysphonia
(Deliyski, Drlikoff and Kaham 1991) shows that SPPQ wth a
snoothing factor set in the range 45-65 periods has
i ncreased values in case of regular long term anplitude

vari ati ons.

The SAPQ snpbothing factors set up in 55 periods -
SAPQ (55). This set up allows using SAPQ as an additiona
evaluation of the anplitude trenors in voice. The intensity

and the regularity of the anplified trenors can be assessed
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using SAPQ (55) in conbination with VAM The manfacturers
suggests the use of APQ SAPQ wth vAm instead of Shimmer in
order to avoid the influence of the pitch extraction errors.
Hence the nean values of SAPQ and VvAm were conpared for
dysphonics. It was found that the means when conpared wth
SAPQ (55) were lower for dysphonics to vVAm This indicates
that the short termvariation were nmore in the case of

dysphoni cs.

XV. Shimer in percent (Shim

It is the relative period to period (very short
term variability of the peak to peak anplitude. The nean
and SD are presented in Table XV, which was taken from the
study done by Anitha on normals of Table XV shows -ean and
SD of dysphonics. G aph XV shows the means of norr.als vs.

dysphoni cs.

Tabl e XV

Nor mal s/ Dysphoni cs

Vowel s and

sentence Mean S.D
lal 3.25 4.16 3.26 3.20
[il 2.54 3.920 1.01 1.84
[ ul 1.90 6.310 1.28 5. 84

Sent ence 10. 28 13. 38 2.023 20.10
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The nmeans of dysphonics were higher than norr.als and

the neans of sentence showed highest for both the groups.

The mean for vowels are, for vowel /a/, normals /a/l = 3.25%
dysphonics /al = 4.16% for vowel /i/, normals /i/ = 2.54%
dysphonics /i/ = 3.92% for vowel /u/, normals /u/ = 1.90%
dysphonics /u/ = 6.31% for sentence normals = 10.28%

dysphonics = 13. 36%

The standard deviation for dysphonics were higher

than normals and the SD for sentence was highest in
dysphonics. The SD for vowels are, for vowel /[al, nor mal s
[al = 0.3.26% dysphonics /a/ = 3.20% for vowels /[il/,

normals /i/ - 1.01% dysphonics /i/ = 1.84% for vowel /[u/,
normals /u/ - 1.28% dysphonics /u/ - 5.54% for sentence,
normals = 2.023% dysphonics = 20.1% The ranges for
dysphonics were larger than normals and the range for
sentence in dysphonics was the highest. The ranges for
vowels are, for vowel /a/, normal /a/ - 0.917 to 32.309%

dysphonics /a/ = 0.86 to 17.50% for vowel /i/, normals /i/

= 0.958 to 6.70% dysphonics /i/ = 10.293 to 7.112% The
range for vowel /u/, normal /u/ = 0.53 to 6.418% dysphonics
/u/l = 0.847 to 24.80% for sentence, normals - 1.438 to

16. 729% dysphonics = 1.176 to 54.847%

A conparison of normals and dysphonics showed

significant difference at 0.05 level for vowels /u/ and /i/.
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The T value are /u/ = 4.25, /il = 3.58, and showed no

significant difference for vcwel /a/ and sentence.

Thus the hypothesis stating that there is no
significant difference between nmale normals and dysphonics
in ternms of Shimrer in percent for vowel /a/ and sentence

was accepted and for vowels /i/ and /u/ was rejected.

The results of the present study goes in accordance

with the results of a study done by Anitha (1994).
XVI. Anplitude Perturbation Quotient (APQ

APQ is defined as relative evaluation of the period
to period variability of the peak to peak anplitude wthin
the analysed voice sanple of a snoothing factor of 11
periods. Table XVI shows nean and SD of normals which is
taken fromthe study done by Anitha (1994). Table XVI shows

means of normals vs. dysphonics.

Tabl e XV

Nor mal s/ Dysphoni cs
Vowel s and

sent ence Mean S.D.
[ al 2.29 3.47 0. 69 1. 69
[il 1.72 3. 05 0.68 1.25
[ ul 1.94 4,21 0. 803 3.70

Sent ence 13. 37 14. 01 3.19 4, 12
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The nmeans of dysphonics were higher than normals and
the neans of sentence showed highest for both the groups.
The nmean for vowels are, for vowel /a/, normals /al = 2.29%
dysphonics /al = 3.47% for vowel /i/, normals /i/ = 1.92%
dysphonics /i/ - 3.05% for vowel /u/, normals /u/ - 1.44%
dysphonics /u/l = 4.21% for sentence normals = 13.37%

dysphonics = 14. 01%

The standard deviation for dysphonics were higher
than the SD of normals and the SD for sentence was highest
for both the groups. The SD for vowels are, for vowel /a/,
normals /a/ = 0.696% dysphonics /a/ = 1.69% for vowels

[i/l, normals /i/ = 0.68% dysphonics /i/ = 1.25% for vowel

[ul, normals /u/ 0.803% dysphonics /u/ - 3.70% for
sentence, normals = 3.19% dysphonics = 4.12% The ranges
for dysphonics were larger than normals and the ranges for
vowel s are, for vowel /a/, normal /a/ = 0.791 to 4.34%
dysphonics /a/ = 0.129 to 6.62% for vowel /i/, normals /[i/
= 0.849 to 4.65% dysphonics /i/ = 1.123 to 8.008% The
range for vowel /u/, normal /u/ = 0.407 to 4.13% dysphonics

fu/ = 0.943 to 16.95% for sentence, normals = 7.995 to
23.798% dysphonics = 5.921 to 20. 13%

A conparison of normals and dysphonics showed
significant difference at 0.05 Ilevel for vowels. The T
values are /a/ = 3.60, /i/ - 4.34, /u/ = 3.96 and showed no

significant difference for sentence at 0.05 |evel.
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Thus the hypothesis stating that there is no
significant difference between male normals and dysphonics
in terms of anplitude perturbation quotient for sentence was

accepted and for vowels /a/, /i/l, /ul was rejected.

The results of this paraneter goes in accordance to
the study done by Anitha (1994). No other reports are
avai l able regarding dysphonics wth reference to this

par aneter.

XVI1. Snoothed Anplitude Perturbation Quotient (SAPQ

The nean and SD are presented in Table Xvil of
normal s which was taken from the study done by Anitha
(1994). Table XVII shows nean and SD of dysphonics. G aph

XVl shows the neans of normals vs. dysphonics.

Tabl e XVI|I

Nor mal s/ Dysphoni cs
Vowel s and

sent ence Mean S. D
[ al 4.09 6..38 1.30 2.29
lil 3.53 5.12 1.23 2.83
[ ul 2.27 5..89 1.01 4.82
Sent ence 32.91 33,.75 7.85 9.61

The means of dysphonics were higher than neans of

normal s, however the nean of sentences were the highest
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anong all irrespective of the groups. The nean for vowels

are, for vowel /a/, normals /al - 4.09% dysphonics /[al

6.38% for vowel /i/, normals /i/ 3.53% dysphonics /il -

5.12% for vowel /u/, normals /u/ 2.72% dysphonics /u/ -

5.89% for sentence normals - 32.91% dysphonics = 33. 75%

The standard deviation for dysphonics were nore than
normals and SD for sentence being highest in both the

groups. The SD for vowels are, for vowel /a/, normals /al =

1.30% dysphonics /al - 2.29% for vowels /i/, normals /i/
1.23% dysphonics /i/ - 2.83% for vowel /u/, normals /u/ =
1.01% dysphonics /u/

4.82% for sentence, normals -
7.85% dysphonics = 9.61% The ranges for dysphonics were
| arger than normals and the range of dysphonics sentence was
| argest. The ranges are, for vowel /a/, normal /a/ - 1.727
to 7.21% for vowel /i/, mnormals /[/i/ = 1.482 to 8.65%
dysphonics /i/ = 1.91 to 15.63% The range for vowel /[u/,
normal /u/ = 1.225 to 5.94% dysphonics /u/ = 1.303 to
22.91% for sentence, normals = 14.436 to 56.36% dysphonics
= 6.32 to 41.216%

A conparison of normals and dysphonics showed
significant difference at 0.05 level for vowels. The T
values are /al = 2.68, /il = 2.82, /ul - 3.47 and showed no

significant difference for sentence at 0.05 |evel.
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Thus the hypothesis stating that there is no
significant difference between nmale normals and dysphonics
in terns of snoothed anplitude perturbation cuotient for
sentence was accepted, and for vowels /a/, [i/l, [ul was

rejected.

The results of this study goes in accordance with

the study done by Anitha (1994).
XVI11. Coefficient of Anplitude Variation (VAN

VAm is defined as relative standard devi ation of the
peak to peak anplitude. The nean and SD are presented in
Table XVIII. Table XVIII has been taken fromthe study done
by Anitha (1994) on normals, Gaph XVIII shows the neans of

normal s vs. dysphoni cs.

Tabl e XVI 1|

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S. D
[ al 8.61 16. 77 3.01 9.20
il 7.13 13. 49 2.40 8.90
[ ul/ 6. 48 15. 59 2.17 8.22
Sent ence 41.54 41. 96 5. 40 12. 67

The neans of dysphonics were higher than normals and

the nmean of sentence being the highest irrespective of the
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groups. The nmeans for vowels are, for vowel /a/, normals /al
= 8.61% dysphonics /al = 16.77% for vowel /i/, normals /i/
= 7.13% dysphonics /i/ = 13.49% for vowel /u/, normals /u/
= 6.48% dysphonics /u/ = 15.59% for sentence normals =

41.54% dysphonics = 41. 96%

The standard deviation of dysphonics were higher
than normals and the SD of sentence for dysphonics were
hi ghest. The SD for vowels are, for vowel /a/, normals /al =
3.01% dysphonics /a/l = 9.20% for vowels /i/, normals /i/ =
2.40% dysphonics /i/ = 8.90% for vowel /u/, normals /u/ =
2.17% dysphonics /u/ = 8.22% for sentence, normals =
5.40% dysphonics - 12.67% The ranges for dysphonics were
| arger than range of normals and the range of dysphonics
sentence was highest. The ranges are, for vowel /a/, nornal
/al = 4.07 to 19.29% dysphonics /a/ = 0.088 to 35.47% for
vowel /i/, normals /i/ = 6.227 to 14.56% dysphonics /i/ -
0.201 to 36.21% The range for vowel /u/, normal /u/ = 2.295
to 12.76% dysphonics /u/ = 1.21 to 31.92% for sentence,
normals = 30.628 to 57.24% dysphonics = 1.173 to 54.84%

A conparison of normals and dysphonics showed a
significant difference at 0.05 level for only vowels. The T
values are /al = 4.59, /il = 3.75 [u/ = 586 and showed no

significant difference for sentence at 0.05 |evel.
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Thus the hypothesis stating that there 1is n
significant difference between male normals and dysphonic:
in terms of coefficient of anplitude variation for sentence

was accepted, and for vowels /a/, /i/, [lul was rejected.
XI X. Noise to Harnmonic Ratio (NHR

The nean and SD are presented in Table XI X Tabli
XI X values for normals has been taken fromthe study done b*
Anitha (1994) on normals, Gaph XX shows the nmeans c:

normal s vs. dysphoni cs.

Tabl e XI X

Nor mal s/ Dysphoni cs
Vowel s and

sent ence Mean S.D
/ al 0.137 3.95 0. 021 2. 00c
lil 0.142 3.42 0. 144 5. 56
[ ul 6. 480 16. 43 2.170 6.14
Sent ence 0. 240 3.37 0.057 12.04

The neans of dysphonics were higher than nornmals,
however the nmeans of vowel /u/ was highest irrespective of
the groups. The neans for vowels are, for vowel /a/, normals
[al - 0.137, dysphonics /a/ = 3 95, for vowel /[/i/, normals
/il = 0.142, dysphonics /i/ = 3.42, for vowel /u/, nornmals
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[ul = 6.48, dysphonics /u/ = 16.43, for sentence normals =

0. 24, dysphonics = 3. 37.

The standard deviation of dysphonics wes higher than
normals and the SD of vowel /u/ in dysphonics was highest
among vowel s. The SD for vowels are, for vowel /a/, nornals
[al = 0.021, dysphonics /al = 2.008, for vowels /i/, normals
/il - 0.144, dysphonics /i/ = 5.56, for vowel /u/, normals
[ul - 2.17, dysphonics /u/ = 6.14, for sentence, normals =
0. 057, dysphonics = 12.04. The ranges for dysphonics were
| arger than range of normals. The range are, for vowel /a/,
normal /a/ = 0.079 to 0.194, dysphonics /a/ = 0.271 tc
16.91, for vowel /i/, normals /i/ = 0.0511 to 1.466,
dysphonics /i/ = 0.021 to 15.21. The range for vowel /[u/,
normal /u/ = 2.295 to 12.76% dysphonics /u/ = 0.07 tc
60. 771, for sentence, normals = 0.1498 to 0.4153, dysphonics
= 0.1316 to 47.76.

A conparison of normals and dysphonics showed no
significant difference at 0.05 level for vowel s and

sent ence.

Thus the hypothesis stating that there s no
significant difference between male normals and dysphonics
in terns of noise to harnonic ratio for vowels /al/, /il, [ul

and sentence was accepted.
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The results of this present study goes in accordance
with the results of study done by Kitojima (1981) that NHR

i ncrease in dysphonics and also by Anitha (1994).

The increase in the neans of NHR for phonation of
the vowel /u/ ~could be discussed as follows, for the
phonation of vowel /u/, there is |lip rounding unlike /a/ and
[il, thereby directing a stream of air directly on the
m crophone resulting in an increase in the noise energy

pi cked up by the m crophone.

XX. Voi ce Turbul ence I ndex (VTI)

VTI nostly correlates with the turbul ance caused by
i nconpl ete or |ose adduction of the vocal folds. It analysis
hi gh frequency conponents to extract an acoustic correlates

to "breathi ness".

Tabl e XX shows nean and SD. Table XX, normal val ues
was taken from the study done by Anitha (1994) on nornals.

G aph XX shows the nean of normals vs. dysphonics.

Tabl e XX

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S. D
[ al 0. 057 0. 33 0. 015 1.30
lil 0. 066 0. 15 0. 017 0. 26
[ ul/ 0. 095 0.34 0.011 1. 05

Sent ence 0. 117 0. 86 0. 092 2.44
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The neans of dysphonics were higher than nornals,

however there was no significant difference. The neans for

vowel s are, for vowel /a/, normals /al 0. 051, dysphonics
/al - 0.33, for vowel /i/, normals /i/ = 0.066, dysphonics
lil
[ ul

0.15, for vowel /u/, normals /u/ - 0.095  dysphonics

0.34, for sentence nornmals - 0.117, dysphonics = 0. 86.

The standard deviation of dysphonics were higher

than nornmals and the SD are, for vowel /a/, nornmals /al =

0. 015, dysphonics /a/ = 1.3, for vowels /i/, normals /i/

0. 027, dysphonics /i/ = 0.26, for vowel /u/, normals /u/
0. 011, dysphonics /u/ = 1.05, for sentence, normals - 0.092,
dysphonics - 2.44. The ranges for dysphonics were |arger
than range of normals. The range are, for vowel /a/, nornal
[al = 0.029 to 0.0972 dysphonics /a/ = 0.23 to 7.31, for
vowel /i/, normals /i/ = 0.0162 to 0.1829, dysphonics /i/ =
0.21 to 1.167. The range for vowel /u/, normal /u/ = 0.004
to 0.3669, dysphonics /u/ = 0.002 to 5.76, for sentence,
normals = 0.028 to 0.366, dysphonics = 0.009 to 9.78.

A conparison of normals and dysphonics showed no
significant difference at 0.05 level for both vowels and

sent ence.

Thus the hypothesis stating that there is no

significant difference between nmale normals and dysphonics
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in terns of voice turbulance index for vowels /a/, /il, [ul
and sentence was accept ed.
XXI'. Soft Phonation Index (SPl)

The nean and SD are presented in Table XXI. Table
XXI normal val ues were taken fromthe study done by Anitha

normal s. G aph XXI show nmeans of normals vs. dysphonics.

Tabl e XXl

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S.D
[ al 9.08 19. 56 5.25 11. 02
lil 5.94 14. 91 4. 027 13. 36
[ ul 38. 49 53. 36 17. 95 24. 77
Sent ence 7.67 15. 25 3.79 13. 26

The neans of dysphonics were higher than normals and
the mean of vowel /u/ in dysphonics were the highest. The
neans for vowels are, for vowel /a/, normals /al/ = 9.08,
dysphonics /al/ = 19.56, for vowel /i/, normals /i/ = 5.94,
dysphonics /i/ = 14.91, for vowel /u/, normals /u/ = 38.49,
dysphonics /u/ = 53.36, for sentence nornals = 7.67,

dysphoni cs = 15. 25.

The standard deviation of dysphonics were higher

than normals and the SD are, for vowel /a/, normals /al =
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5. 25, dysphonics /a/ - 19.02, for vowels /i/, normals /i/

4.027, dysphonics /i/ - 13.36, for vowel /u/, normals /u/

17. 956, dysphonics /u/ = 29.71, and for sentence, nornals
3.77, dysphonics = 13.26. The ranges for dysphonics were
[ arger than range of normals. The range are, for vowel /a/,
normal /a/ = 2.7394 to 29.56 dysphonics /a/ = 0.479 to
75.22, for wvowel /i/, normals /i/ = 1.006 to 18.59,
dysphonics /i/ - 0.02 to 60.235. The range for vowel /u/,
normal /u/ = 3.68 to 95.17, dysphonics /u/ = 14.021 to
125.48, for sentence, normals = 2.597 to 21. 34, dysphonics =
0.104 to 69.49.

A conparison of normals and dysphonics showed
significant difference at 0.05 level for both vowels and
sentence. The T values are /a/ = 2.87, /il = 3.502, /ul =
2.66 and sentence = 3.022.

Thus the hypot hesi s stating that there I's
significant difference between nmale normals and dysphonics
in terns of Soft phonation index for vowels /a/, [il, [ul

and sentence was rejected.

The results of this present study goes in accordance

with the results of study done by Anitha (1994).

The results can be discussed as foll ows. The

increase in mean value of SPl is attributed to the inability
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of the dysphonics to adduct their vocal fold conpletely

during phonati on.
XXI'l. Frequency Trenor Intensity Index (FTR)

It is defined as the average ratio of the frequency
magni tude of the nost intensive |ow frequency nodulating
conponent to the total frequency nmagnitude of the analysed

voi ce signal

The nmean and SD are presented in Table XXII. Table
XXI'l normal values were taken fromthe study done by Anitha

(1994) on normals. Gaph XXIl shows the neans of nornals vs.

dysphoni cs.
Tabl e XXI |
Nor mal s/ Dysphoni cs
Vowel s and
sent ence Mean S. D
I al 0. 338 1.76 0. 147 2.61
[l 0. 377 3. 46 0. 133 7.83
/u/ 0. 420 1.95 0.230 2.49
Sent ence 3.790 4. 93 1. 740 3.26

The nmeans of dysphonics were higher than the neans
of normals. The neans for vowels are, for vowel /a/, nornals

/al - 0.338% dysphonics /a/l =1.76% for vowel /i/, nornals
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Il
[ ul
3.79% dysphonics = 4.93%

0.377% dysphonics /i/ = 3.46% for vowel /u/, normals

0.02% dysphonics /u/ = 1.95% for sentence normals -

The standard deviation of dysphonics were higher
than normals and the SD for vowels are, for vowel [al,
normals /a/ = 0.147% dysphonics /a/ = 2.61% for vowels
[il, normals /i/ = 0.133% dysphonics /i/ = 7.83% for vowel
ful, normals /u/ - 0.23% dysphonics /u/ = 2.49% for
sentence, normals - 1.74% dysphonics = 3.26% The ranges
for dysphonics were larger than range of normals. The ranges
are, for vowel /a/, normal /a/ = 0.058 to 0.828% dysphonics
/al =0.031 to 8.84% for vowel /i/, normals /i/ = 0.048 to
0. 745% The range for vowel /u/, normal /u/ = 0.066 to
0.359% dysphonics /u/ = 0.131 to 8.162% for sentence,
normals = 0.4739 to 0.3560, dysphonics = 0.567 to 10.22%

A conparison of normals and dysphonics showed

a
significant difference at 0.05 level for only vowels. The T

values are /fal =2.83, /il =2.15, /u/ = 3.41 and sentence

6. 32.

Thus the hypothesis stating that there is
significant difference between nmale normals and dysphonics
in terns of Frequency trenor intensity index for vowels /al,

[il, lul and sentence was rejected.
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XXI'll. Amplitude, Trenor Intensity Index (ATR)

The nean and SD are presented in the Table XX II.
Table XXIII normal values has been taken froma study done
by Anitha (1994) on nornmals. Gaph XXI1l shows the nean of

nornmal s vs. dysphonics.

Table XX

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S.D
lal 3.32 4. 38 2.23 2.92
lil 3.06 4.04 1.41 2.75
lul 2.62 4.25 1.37 2.46

Sent ence 20.2 13. 70 5.81 5.71

The neans of dysphonics were higher than the neans
of normals. The neans for vowels are, for vowel /a/, nornals
lal - 3.32% dysphonics /al - 4.38% for vowel /i/, normals
lil
[ ul
20. 2% dysphonics = 13.70%

3.66% dysphonics /i/ = 4.04% for vowel /u/, normals

2.62% dysphonics /u/ = 4.25% for sentence nornmals =

The standard deviation of dysphonics were higher
than normals and the SD for vowels are, for vowel [a/,

normals /a/ = 2.23% dysphonics /al = 2.92% for vowels /i/,
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normals /i/ 1.403% dysphonics /i/ = 2.75% for vowel /u/,

1.37% dysphonics /u/ = 2.46% for sentence,

normal s /u/
normals = 5.81% dysphonics = 5.71% The ranges for
dysphonics were larger than range of normals. The ranges
are, for vowel /a/, normal /a/ = 0.367 to 13.76% dysphonics
/lal =0to 3.21% for vowel /i/, normals /i/ = 0.671 to
6. 862% dysphonics /i/ = 0.621 to 6.862% the range for
vowel /u/, normal /u/ - 0.41 to 6.344% dysphonics /u/ =
0.503 to 8.76% for sentence, nornmals = 6.59 to 35.166%
dysphonics = 2.56 to 22.79%

A conparison of normals and dysphonics showed a
significant difference at 0.05 level for vowels /a/ and /i/.
The T values are /a/ = 3.17, /i/ = -4.34, and showed no
significant difference at 0.05 level for vowel /a/ and

sent ence.

Thus the hypothesis stating that there is no
significant difference between male normals and dysphonics
in terns of anplitude, trenor intensity index for vowels /u/
and sentence was accepted, and for vowels /a/ and /i/ was

rejected.
XXI'V. Degree of Voice Breaks (DVB)

It is defined as ratio of the total length of areas

represented voice breaks to the tinme of conplete voice
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sanple. It nmeasures the ability of the voice to sustain
uninterrupted voicing. Table XXIV shows nmean and SD and

G aph XXIV shows neans of normals vs. dysphonics.

Tabl e XXI'V

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S. D
lal 0.00 1. 14 0.00 7.3
[l 0.00 1. 47 0.00 4.9
[ ul 0.00 0. 67 0.00 1.6

Sent ence 6. 48 13.70 7.36 13. 3

The neans of dysphonics were higher than the neans
of normals and the nean of sentence of dysphonics was the
hi ghest. The neans for vowels are, for vowel /a/, nornals
/al =0, dysphonics /a/ = 1.14% for vowel /i/, normals /i/
= 0, dysphonics /i/ = 1.47% for vowel /u/, normals /u/ - O,
dysphonics /u/ = 0.67% for sentence nornmals = 6.48%

dysphoni cs = 13. 70%

The standard deviation of dysphonics were nore as
conpared to normals. They are, for vowel /a/, normals /al =
0, dysphonics /al =7.3% for vowels /i/, normals /i/ = 0,
dysphonics /i/ = 4.9% for vowel /u/, normals /u/ = 0,

dysphonics /u/ = 1.6% for sentence, normals - 7.36%
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dysphonics = 13.3% The ranges for dysphonics were |arger
than range of normals. The nornals range were 0O for /[al,
[il, lul except for sentence O to 34.76, dysphonics - 0.56
to 44.14.

A comparison of normals and dysphonics showed a
significant difference at 0.05 level for both vowels and
sentence. The T values are /a/ = 2.5, /il =1.56, /ul =222

and sentence = 2.62.

Thus the hypot hesi s stating that there is
significant difference between nmale nornmals and dysphonics
in terns of degree of voice breaks for vowels /a/, /i/, [ul

and sentence was rejected.

The results of this present study goes in accordance
with the result of a study done by Anitha (1994). The
results are discussed as follows. In case of dysphonics the
DVB were higher in phonation and sentence. This is because
of the irregular vibration of the vocal folds caused due to
t he pat hol ogi cal conditions of the |arynx. However, the nean
values of DVB were higher in sentence was due to the

presence of pauses in between the sentence.
XXV. Degree of Sub-Harnonic Breaks (DSH)

It is defined as the relative e aluation of

subharmoni ¢ of Fy conponent in the voice sanple. The nean,
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and SD are presented in Table XXV nornal val ues, which was
taken froma study done by Anitha (1994) on normals. Qaph

XXV shows the nmeans of normals vs. dysphonics.

Tabl e XXV

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S.D
/ al 0.013 1.76 0. 130 3. 457
[il 0. 013 2.68 0.120 3.850
[ul 0. 156 2.72 0. 964 3. 650

Sent ence 0.127 10. 04 0.720 18.630

The nmeans of dysphonics were higher than the neans
of normals and the nmean of sentence in dysphonics was the
hi ghest. The neans for vowels are, for vowel /a/, nornals
/al = 0.013% dysphonics /a/ = 1.76% for vowel /i/, normals
lil
[ ul
0.127% dysphonics = 10. 04%

0.013% dysphonics /i/ = 2.68% for vowel /u/, normals

0.156% dysphonics /u/ = 2.72% for sentence normals =

The standard deviation of dysphonics were higher
than normals. They are, for vowel /a/, normals /a/ = 0.13%

dysphonics /a/l = 3.457% for vowels /i/, normals /[i/ =

0.12% dysphonics /i/ = 3.85% for vowel /u/, normals /u/

0.964% dysphonics /u/ = 3.65% for sentence, nornals
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0.72% dysphonics = 18.63% The ranges for dysphonics were
larger than the normals and the range for sentence in
dysphoni cs was the |largest. The ranges are, for vowel /a/,
normal /a/ =0 to 1.149% dysphonics /a/ =0 to 10.56% for
vowel /i/, normals /i/ =0 to 1.149% dysphonics /i/ =0 to
11.76% the range for vowel /u/, normal /u/ = 0 to 6.89%
dysphonics /u/ - 0 to 11.21% for sentence, normals = 0 to

6. 897% dysphonics =0 to 44.14%

A conparison of normals and dysphonics showed a
significant difference at 0.05 level for both vowels and
sentence. The T values are /a/ =2.92, /il = 3.79, [lul =

2.26 and sentence = -2.92.

Thus the hypothesis stating that there is no
significant difference between male normals and dysphonics
in terns of degree of subharnoni c conponents for vowels /al,

i/, [ul and sentence was reject ed.

The results of this present study goes in accordance
with the result of a study done by Anitha (1994). The
results may be discussed as follows. Since subharnonic
conponent is the relative evaluation of subharnonic to
conponent in the voice sanple and as subharnonic conponents
i ncreases wen there is double or tripple pitch periods which

replace the fundanental in certain segments over t he
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anal ysis length. Thus the dysphonics shows change in F-
because of the inability to maintain a constant pitch while

phonation and sentence.

XXVI . Degree of Voicel ess (DW)

DWW is the estimted relative eval uati on of
non- harnonic areas in the voice sanple. Table XXV shows the

mean and SD, and G aph XXVI shows the neans of normals vs.

dysphoni cs.
Tabl e XXVI
Nor mal s/ Dysphoni cs
Vowel s and
sent ence Mean S.D
[ al 0. 076 10. 89 0. 380 15. 49
[il 0. 026 4,981 0. 170 8. 80
[ ul 0. 038 10. 05 0. 208 17. 17
Sent ence 64. 660 35. 53 7.720 23.871

The nmeans of dysphonics were higher than the neans
of normals and the nean of sentence in dysphonics was the
hi ghest in both the groups. The neans for vowels are, for
vowel /al/, normals /a/ = 0.076% dysphonics /a/ = 10.89%
for vowel /i/, normals /i/ = 0.26% dysphonics /i/ = 4.98%
for vowel /u/, ncrmals /u/ = 0.038% dysphonics /u/ =

10.05% for sentence normals = 64.66% dysphonics = 35.33%
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The standard deviation for dysphonics were higher
than norrmals. They are, for vowel /a/, normals /a/ = 0.38%

dysphonics /a/ = 15.49% for vowels /i/, normals /il =

0.17% dysphonics /i/ =8.8% for vowel /u/, normals /u/

0.208% dysphonics /u/ = 17.17% for sentence, nornals
7.12% dysphoni cs = 23.821% The ranges for dysphonics were
hi gher and was highest for sentence. The ranges are, for
vowel /al/, normal /a/ - 0 to 2.299% dysphonics /a/l = 0 to
41.25% for vowel /i/, normals /i/ - 0 to 1.149% dysphonics
[il =0to 27.63% the range for vowel /u/, normal /u/ =0
to 1.149% dysphonics /u/ =0 to 68% for sentence, nornals

= 48.05 to 79.51% dysphonics = 0 to 68.92%

A conmparison of normals and dysphonics showed a
significant difference at 0.05 level for both vowels and
sentence. The T values are /a/ = 3.822, /il = 3.089, /ul =
3.19 and sentence = 6.45.

Thus the hypothesis stating that there is no
significant difference between male normals and dysphonics
in ternms of degree of voiceless for vowels /a/, /i/, /ul and

sentence was rejected.

The results of this present study goes in accordance
with the result of a study done by Anitha (1994). The

results can be discussed as foll ows, as DWW neasures the
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ability of the voice to sustain uninterrupted voicing. The
dysphoni cs showed increased DUW cause of their inability to
maintain a constant pitch and uninterrupted voicing due to
di fferent vocal pathol ogies. The nean of sentence were high
because of the presence of pauses in between words in the

sanpl e.

XXVI1. Nunber of Voice Breaks (NvB)

NVB is the nunber of tines the fundanental period
was interrupted during the voice sanple. The nean and SD
are presented in Table XXVI1. Gaph XXVI1 shows the neans of

normal s vs. dysphonics.

Tabl e XXVI |

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S. D
[ al 0. 00 0. 82 0.00 2.51
[/ 0.00 0.91 0.00 4.08
[ ul 0. 00 0.14 0. 00 0.52
Sent ence 0.133 1.70 0. 88 1.74

A conparison of normals and dysphonics showed no
significant difference at 0.05 level for both vowels, but
showed significant difference for sentence and the T value

is 4.566.
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The means of dysphonics were higher than normal s and
the mean, SD and range for normals were 'O except for
sentence nean = 0.133, SD - 0.88 and range 0 to 8. In case
of dysphonics sentence had the highest nean, SD and range O

to 8.

Thus the hypothesis stating that there is no
significant difference between nale normals and dysphonics
in ternms of nunber of voice breaks for vowels /a/, /[i/, [ul

and sentence was rejected.

The nunber of voice breaks areas in the phonation of
vowel s were zero, but in sentence due to pause in between

words, it increased.

In case of dysphonics voice breaks were present in
phonation and sentence, and is attributed to the irregular
vi bration of the vocal folds caused due to the pathol ogica

conditions of the |arynx.

XXVI11. Nunber of Sub-Harnonic Segnents (NSH)

The mean and SD are presented in Table XXVIII. G aph

XXVI'l1l shows nmeans of normals vs. dysphonics.
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Tabl e XXVI1 |

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S.D
[ al 0. 010 2.77 0. 105 1. 60
lil 0.011 2. 47 0. 105 4. 03
[ ul/ 0. 078 2.54 0. 640 3.29
Sent ence 0.133 3.9147 0.880 11.30

The nmeans of dysphonics were higher than the nornmal s
and the nean of sentence being the highest. The neans for
vowels are, for vowel /a/, normals /a/ = 0.01% dysphonics
lal = 2.77% for vowel /i/, normals /i/ = 0.011% dysphonics
[i] =2.47% for vowel /u/, normals /u/ = 0.628% dysphonics
lu/l = 2.54% for sentence normals = 0.133% dysphonics =

3.9147%

The standard deviation for dysphonics were higher
than normals and the SD of sentence was highest. The SD
values are, for vowel /a/, normals /a/ = 0.105% dysphonics

lal = 1.6% for vowels /i/, normals /i/ = 0.105% dysphonics

[l 4.03% for vowel /u/, normals /u/ = 0.64% dysphonics
lul = 3.29% for sentence, normals = 0.88% dysphonics =
11. 3% The ranges for dysphonics were |arger than normals

ant the range of sentence being the | argest.
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A conparison of normals and dysphonics showed a
significant difference at 0.05 level for both sentence. The
T values are, /al/ = 2.53, /il = 3.39, [/ul = 4.27 and

sentence = 1. 82.

Thus the hypothesis stating that there is no
significant difference between nale nornmals and dysphonics
in ternms of nunber of subharnonic segnents for vowels /[/al,

/[i/l, [ul and sentence was rejected.

The results of this present study goes in accordance
with the result of a study done by Anitha (1994). The
results can be discussed as follows. The neans values of
NSH, for dysphonics group were higher than normals was due
to the irregular vibratory pattern of the vocal folds, which
is seen in dysphonics and would result 1in nore than one
frequency of vibration at a given instances leading to

increase in NSH val ues.
XXI X. Number of Unvoi ced Segnents (NW)

NWV neasures the ability of the wvoice to sustain
uninterrupted voicing. Table XXIX shows the nean and
SD, and Gaph XXIX shows the neans of nor mal s VS.

dysphoni cs.
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Tabl e XXI X

Nor mal s/ Dysphoni cs

Vowel s and

sent ence Mean S.D
[ al 0. 067 6. 93 0.33 11. 20
lil 0. 022 3.10 0.15 4. 80
[ ul 0. 044 6. 36 0. 26 12. 51
Sent ence 54. 900 33.28 59. 22 17. 56

The neans of dysphonics were higher than t he
normal s. The neans for vowels are, for vowel [a/, nor mal s

[ al

0.067% dysphonics /a/ = 6.93, for vowel /u/, nornals

[ ul/

0. 044, dysphonics /u/ - 6.36, for sentence, normals -

54.9, dysphonics = 33. 28.

The standard deviation for dysphonics were higher
than normals. The SD values are, for vowel /a/, normals /a/
= 0.33, dysphonics /a/ = 11.2, for vowels /i/, normals /i/ =
0. 15, dysphonics /i/ - 4.8, for vowel /u/, normals /u/ =
0.26, dysphonics /u/ = 12.51, for sentence, normals = 59.22,
dysphonics = 17.56. The ranges for dysphonics were |arger
than normals. They are, for vowel /a/, normal /a/ - 0 to 2,
dysphonics /a/ - 0 to 36.2, for vowel /i/, normal /i/ =0 to
1, dysphonics /i/ =0 to 13.4, for vowel /u/, nomal /u/ =0
to 2, dysphonics /u/ =0 to 47 and sentence, normal = 28 to

607, dysphonics = 0 to 61.322.
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A conparison of normals and dysphonics showed a
significant difference for only vowels at 0.05 level. The

T values are, /al = 2.57, /il = 3.46, [ul = 2.25.

Thus the hypothesis stating that there is no
significant difference between male normals and dysphonics
in ternms of nunber of unvoiced segnents for sentence was

accepted and for vowels /a/, /il, /ul was rejected.

The results can be discussed as the dysphonics due
to irregular vibration of the wvocal folds caused due to

pat hol ogi cal conditions of the larynx NUV increased.
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SUMMVARY AND CONCLUSI ON

In the present study "MJILTI - DI MENSI ONAL VO CE

PROGRAME MODEL 4305" was wused to acquire, analyse and

display the follow ng twenty-nine voice
single vocalisation. These extracted
available as a nunerical file which

statistical analysis.

| . Frequency paraneteras:

Aver age Fundanental Frequency
Average Pitch Period
H ghest Fundanental Frequency

Lowest Fundanental Frequency

Fo Trenmor frequency
Absol ute Jitter
Jitter percent

Rel ati ve Average Perturbation

paranmeters from a
par anmet ers wer e

was subjected to

1
2
3
4
5. Standard Devi ation of Fundanental Frequency
6
7
8
9

10. Pitch Period Perturbation Quotient

11. Snoothed Pitch Period Perturbation Quotient

12. Fo Trenor intensity index

13. Fundanental frequency variation

1. Intensity paraneters:

14. Anplitude trenor frequency
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15. Shinmmer in dB

16. Shimer in percent

17. Amplitude Perturbation Quotient

18. Snoot hed Anplitude Perturbation Quotient
19. Peak anplitude variation

20. Anplitude trenor intensity index

I11. Oher paraneters:
21. Noise to Harnonic Ratio
22. Voi ce Turbul ence | ndex
23. Soft Phonation | ndex
24. Degree of Voice Breaks
25. Degree of Sub-Harnonic Breaks
26. Degree of Voiceless
27. Nunber of Voice Breaks
28. Nunber of Sub-Harnonic Segnents
29. Number of Unvoi ced Segnents

Al'l the twenty-nine paraneters were neasured in a
group of 30 dysphonics (rmales) and were conpared wth a
group of 30 normal (nales) which was taken froma study done
by Anitha (1994). The results were subjected to statistical
analysis ('"T test and discriptive analysis) wusing NCSS

conput er prograne.

'"T" test results indicated the following. There is

significant difference between the normals and dysphonics in
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the follow ng paraneters.

1.

T v T e e e S o S T Py
© ©® N o o A W N L O

20.

© ® N o o p ® N

H ghest Fundanental Frequency (HFi)

Standard Devi ation of Fundanental Frequency (STD)
Amplitude trenor frequency (Fatr)

Absol ute Jitter (Jita)

Jitter percent (Jitt)

Rel ati ve Average Perturbation (RAP)

Pitch Period Perturbation Quotient (PPQ

Smoot hed Pitch Period Perturbation Quotient (SPPQ
Fundanment al frequency variation (VFy)

Shimer in dB (ShdB)

Anpl i tude Perturbation Quotient (APQ

Snoot hed Anplitude Perturbation Quotient (SAPQ
Peak amplitude variation (vAmM

Soft Phonation Index (SPI)

Frequency Trenor Intensity Index (FTRI)

Degree of Voice Breaks (DVB)

Degree of Sub-Harnonic Breaks (DSH)

Degree of Voicel ess (DW)

Nunber of Sub-Harnonic Segnments (NSH)

Nunmber of Unvoice Segnents (NW)

Thus the result of +the study show that it is

possible to differentiate dysphonics from normals using the

par amet er s

profile.

(20) nmeasured wusing nulti dinmensional voice
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The above gi ven par aneters are hel pf ul in

differenciating normals from dysphoni cs.

Thus for these reasons MDVP can be wused for the

pur pose of diagnosing voice disorders.

Recommendati ons for further study

1. These paraneters may be studied wth different
| aryngeal pathol ogies, before, during and after

therapy to find out the exact effect of therapy.

2. More nunber of dysphonic subject nay be used for

further study.
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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 period-to-period

fundamental frequency val ues voice break areas are excluded.

Fo is conputed fromthe extracted poriod-to-period

pitch data as:

1. Absolute jitter/sec/or jita:

wher e
(1) : . .
Fo ' = --7;=5 - period-to-period fundanmenta
To' ™’ frequency
To{i], = 1,2,...,N extracted pitch period data

[
N = PER, Nunber of extracted pitch periods.
H ghest fundanental frequency (HFoO) - /Hz/

The greatest of all extracted peri od-to-period
fundamental frequency val ues. Voi ce br eak ar eas are
excluded. It is conputed as

Fhi =Max (7o'}, i =1,2,...,N
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Lowest fundanental frequency (LFo) - /Hz/

The lowest of all extracted period-to-period. I1- is
conputed as:

Flo=Mn (Fo'*)} i =12 ... N

The | owest fundanental within the defined period is
extracted and displayed as Fl o. However, the pitch extracted
range is defined to either search for periods from 70-*f25 Hz
or 200-1000 Hz. Therefore, the 'high® range wll not

determ ne a fundanmental under 200 Hz.
St andard Devi ation of Fundanental Frequency (STD) - [/ Hz/

Standard deviation of all extracted period-to-period

fundamental frequency values. Voice br eak ar eas are

excl uded.
/T N-1 T 2
e 330 B (5
STD = /S = I (Fo-Fc )
\/ N i=l
where,
N-1 ;
ﬁ > (1)
Fo = L F'o
N i=1
e 1
~ A1) ] . 1 3 ; s =
Fo = ———-=— - period-to-period of values

,_|
)
=
i
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Phonat ory fundanental frequency range (PFR):/Sem tones/

The range between Fhi and Fl o expressed in nunber of
semtones. The ratio of two consequetive sem -tones is equa

to 12th root of 2.

First all frequencies of sem t ones Fst(k) fq
k - 1,2,... are conputed within the frequency range 55 Hz to
1055 Hz.

VWere a = 12 / 2
f; =55 Hz, f, = 1055 Hz and f; < Fst™® < f, .

Fo - Trenor frequency (FFTR) / Hz/

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

specified threshold, the Fftr value is zero.

The nethod for frequency trenor analysis consists of

the follow ng.

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

For every wi ndow, the follow ng procedures apply.

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

down sanpling at 400 Hz.
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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

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.
Ampl i tude trenor frequency (FATR) - [/ Hz/

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

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

The method for anplitude trenor analysis consists of

the follow ng.

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

30 Hz and down sanpling to 400 Hz.
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Calculation of the total energy of the resulting

1
signal .
2. Subtraction of the DC conponent.
3. Calculation of an autocorrelation function of the
resi duence signal .
4. Division by the total energy and conversion to
per cent age.
5. Extraction of the period of variation.
6. Calculation of Fatr corresponding to the period
of variation found.
curve

B. Conputation of the average autocorrel ation

and average Fatr for all processed w ndows.
Absolute Jitter (Jita) - /usec/
An evaluation of the period to period variability of

Voi ce

anal ysed voice sanple.

the pitch period within the
Jita is conputed as:

break areas are excl uded.

1 N-1 |
L ] i
“ 1) o
' 2

Jlta
N-1 1= i

1,2,...,N extracted pitch period data
of extracted pitch peri ods.

- —
I

wher e ran
N ’ Nunber
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Absolute jitter nmeasures the very short term (cycle-
to-cycle) irregularity of the pitch periods in the voice
sanple. This neasure is wdely wused in the research
l[iterature 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 associated wth

hoarse voii 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 men and wonen
differ significantly. H 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 term variability of the pitch wthin the analysed
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voi ce sanple. Voice break areas are excluded. It is conputed

as

TO i - 1,2,...,N extracted pitch period data
N - PER, Nunber of extracted pitch peri ods.
Jitter per cent 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 fundanental frequency of the subj ect is

significantly reduced.

Rel ati ve Average Perturbation (RAP) /%

Rel ative eval uati on of t he peri od-t o- peri od
variability of the pitch within the analysed voice sanple
with snoothing factor of three periods. Voice breaks areas

are excluded. It is conputed as:

1 N-1 jlt‘_]] +-"r;Ei‘:]*“rrJ']]
N-2 i=2 |
RAP = ——— e e e e e e
N
g (
- & mpo'l)
N i=1
where 4y . . .
o', 1 - 1,2,...,N extracted pitch period data

N - PER, Nunber of extracted pitch periods.
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Rel ative average perturbation neasures the short
term (cycle-to-cycle with snmoothing factor of three periods)
irregularity of the pitch period of the voice. The snoothing
reduces the sensitivity of RAP to pitch extraction errors.
However, it is less sensitive to the very short term
period-to-period variations, but describes 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 associated wth
the inability of the wvocal <cords to support a periodic
vibration with a defined period. Hoarse and/or breathy

voi ces may have an increased RAP.
Pitch period perturbation quotient (PPQ /%

Rel ati ve eval uation of t he peri od-to-period
variability of the pitch within the analysed voice sanple
with a snobothing factor of five periods. Voice break areas

are excluded. PPQ is computed as,

wher e

1,2,...,N extracted peak to peak
anpl i tude dat a.
Nunber of extracted inpul ses.

Z
I
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PPQ neasures the short-term (cycle-to-cycle wth a
snoothing factor of five 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 may have an increased PPQ

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

Rel ative evaluation of the short or long term
variability of the pitch period wwthin the analysed voice
sanple at snoothing factor defined by the user. The factory
setup for the snoothing factor is 55 periods. Voice break

areas are excluded.

wher e
To '~ , 1 = 1,2,...,N extracted peak to peak
anplitude data.
N = Nunber of extracted i npul ses.
SF - Snoot hing factor
SPPQ allows the experinenter to define his own pitch

perturbation neasure by changing the snpbothing factor from
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1 to 99 periods. This is desirable because in the scientific
l[iterature researchers use pitch perturbation nmeasures wth

different snoothing factors or w thout snoothing.

Wth a small snmobothing factor, SPPQ is sensitive
nostly to the short-term pitch variation of the voice
i mpul ses. Wth a smoothing factor of 1 (no snoothing), SPPQ
is identiical to Jitter per <cent (Jitt). It is very
sensitive to the pi tch variations occuring bet ween
consecutiive pitch periods. Usually this type of variation
is random It is typical for hoarse voices. However, pitch

extraction errors may affect jitter per cent significantly.

Wth a snoothing factor of 3, SPPQis identical to
the relative average perturbation introduced by Koi ke

(1973).

Wth a snmothing factor of 5, SPPQ is identical to
the pitch perturbation quotient introduced by Koike and

Cal catera (1977).

At high snoothing factors SPPQ correlates wth the
intensity of the Ilong-term pitch period variations. The
studies of patients wth spasnodic dysphonia (Deliyski,
Olikoff and Kaharie, 1991) show that SPPQ wth snoothing
factor set in the range 45-65 period has increased values in
case of regular long-termpitch variations (frequency voice

trenors).
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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 trenmors can be assessed using
SPPQ (55) in conmbination with VFo. The difference between
VFo and SPPQ (55) is that VFo represents a gener al
eval uation of the fundanental frequency (pitch) variation of
the voice signal. The VFo val ue increases regardless of the
type of pitch variation. Either random or 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
(55) and VFo are low, the intensity of pitch variations in
the voice signal is very low 1if VFo is high but SPPQ (55)
is low, there are pitch variations but not a long-term
periodic one. |If both SPPQ (55) and VFo are high, there is a
| ong-term periodic pitch variation (nost likely a frequency

trenor).

Coefficient of F, variation VFo /%

Rel ati ve standard deviation of the 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.
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wher e
Fo't) = 1,2,...,N extracted peak to peak
anpl i tude dat a.
N = PER, Nunber of extracted inpul ses.

VFo reveals the wvariations in the f undanment a
frequency. The VFo val ue increases regardl ess of the type of
pitch variation. E ther random or regular short-term or
| 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 undanment 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
t he anal ysed voice sanple. Voice break areas are excluded.

ShdB is conputed as,

1 N-1 ki
ShdB = --- b 20 log ( =-- YT )
N-1 i=1 a2
wher e (i) .
A‘T = 1,2,...,N extracted peak-to-peak anplitude

[
N = Nunmber of extracted inpulses.
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Shimer in dB nmeasure the very short term (cycle-to-
cycle) irregularity of peak-peak anplitude of the voice.
This nmeasure is widely used in the research literature on
voi ce perturbation (lwata and Von Leden, 1970). It is very
sensitive to the anplitude wvariation occuring bet ween
consecutive pitch periods. However, pitch extraction errors

may affect shimrer per cent significantly.

The anplitude of the voice can vary for a nunber of
reasons. Cycle-to-cycle irregularity of anplitude can be
associated with the inability of the vocal folds to support
a periodic vibration for a defined period and wth the
presence of turbulent noise in the voice signal wusually,
this type of variation is random It is typically associated
with hoarse and breathy voices. APQ is the preferred
measurenent for Shimer because it is less sensitive to
piitch extraction errors while still providing a reliable
indication of short-term anplitude variability in t he

Voi ce.

Both Shim and ShdB are relative evaluations of the
sane type of anplitude perturbation but they use different

nmeasures for the result-percent and dB.
Shi mer per cent (%

Rel ati ve evaluation of the period-to-period (very

short term variation of t he peak-t o- peak anpl i tude
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Wi thin the analysed voice sanple. Voice break neans are
excl uded.
—E_ [_—l \ ) E_"'Ii“'l:J
-1 i=1 | -
Y (i)
N i=
wher e (;
A't, 0 = 1,2,...,N extracted peak-to-peak anplitude
N = Nunber of extracted inpul ses.
Shimrer per cent neasure the very short term
t he peak-to-peak anplitude

(cycle-to-cycle) irregularity of

of the voice.
Anpl i tude perturbation quotient (APQ (%
Rel ati ve eval uati on of t he peri od-to-period
variation, variability of the peak-to-peak anplitude wthin
snoot hing of 11 periods. Voice

t he anal ysed voi ce sanpl e at

break areas are excl uded.

B
[
-+

=

1,2,...,N extracted peak-to-peak anplitude
of extracted i npul ses.

wher e (2
Nurber

=z
Iy
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APQ neasures the short-term (cycle-to-cycle wth
snoot hing factor of 11 periods) irregularity of the peak-
to-peak anplitude of the voce. Wiile it is less sensitive to
the period-to-period anplitude variations it still describes
the short-term anplitude perturbation of the voice very
well breathy and hoarse voice usually have an increased APQ.
APQ should be regarded as the preferred neasurenent for

Shi mrer in NVDVP.

Snoot hed anplitude perturbation quotient (SAPQ /%

Rel ative evaluation of the short or | ong-term
variability of the peak-to-peak anplitude W thin t he
anal ysed voice sanple at snoothing factor defined by the
user. The factory set up for the snmpothing factor is 55
periods (providing relatively Jlong-term variability; t he
user can change this value as desired). Voice break areas

are excl uded.

N-SE+1  i=1 | Sf r=0

oL Y
i=1
wher e
%ri}, i - 1,2,...,N extracted peak-to-peak anplitude
dat a
N = Nunber of extracted inpul ses.
SF = Snoot hing factor
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SAPQ allows wuser to define their own anplitude
perturbation measure by changing the snoothing factor from

1 to 99 periods.
Coefficient of anplitude variation (VAM /%

Rel ative st andar d devi ati on of peak-t o- peak
anplitude. It reflects in general to peak-to-peak anplitude
variations (short to long term) within the analysed voice

sanpl e, voice break areas are excluded.

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

data as.

wher e,
g (L) 1,2,...,N extracted peak-to-peak anplitude
Nunber of extracted inpul ses.

I

[
N

VAm reveals the variations in the cycle-to-cycle
anpl i tude of the voice. The VAm value increases regardless
of the type of anplitude variation. Ether random or

regular short-term or long-term variation increase the

val ue of VAm
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Noi se to Harnonic Ratio (NHR)

Average ratio of the inharnonic spectral energy in
the frequency range 1500-4500 Hz to the harnonic spectra
energy in the frequency range 70-4500 Hz. This is general

eval uation of noise present in the anal ysed signal.

NHR is conmputed using a pitch synchronous frequency
domain nethod. In general terns, the algorithm funtions as

foll ows:

A. Divides the analysed single into w ndows of
81.92 ns (4096 points at 50 kHz sanpling rate or 2048 at

25 kHz). For avery wi ndows the follow ng steps apply.

1. Low pass filtering 6 kHz (order 22) with Hamm ng
w ndow, down sanpling of the single data down to
125 kHz and conversion of the real signal into an

anal ytical one using the Hilbert transform

2. 1024 points conplex fast Fourier Transform (FFT)
on the analytical signal corresponding to a 2048

- points FFT on real data.

3. Calculation of the power spectrum from the

FFT.

4. Calculation of the average fundanental frequency
Wi thin the wi ndow sunchronously wth the pitch

extraction results.
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5. Harnonic/inharnonic separation of the current
spectrum synchronously with the current w ndow

fundanmental frequency.

6. Conputation of the noise-to-harnonic ratio of
the current w ndow. NHR is the ratio of the
i nharmoni ¢ (1500- 4500 Hz) to t he har noni ¢

spectral energy (70-4500 Hz).

B. Conputes the average values of NHR for all

previously processed w ndows.

| ncreased values of NHR are interpreted as increased
spectral noise which can be due to anplitude and frequency
variations (i.e. Shimrer and Jitter) Turbulent noise, sub-
har moni ¢ conponents and/or breaks which affects NHR gl obally
nmeasures the noise in the signal (includes contributions of

jitter, shimrer and turbul ent noise).
Voi ce Turbul ence Index (VTI)

Average ratio of the spectral inharnonic hi gh
frequency energy ni the range 2800-5800 Hz to the spectra
harnmonic energy in the range 70-4500 Hz in the areas of the
signal where the influence of the frequency and anplitude
vari ations, voice breaks and subharnonic conponents are
mnimal. VTl neasures the relative energy level of high

frequency noi se.



-178-

VTl is conputed using a pitch synchronous frequency
domain method. The algorithm consists of the follow ng

st eps:

A. Selects upto four but atleast tw 81.92 nsec
w ndows where the frequency and anplitude perturbations are
lowest for the signal. These w ndows are |ocated in
different areas of the signal and don't include voice breaks

and subhar noni ¢ conponents.

For every wi ndow, the follow ng steps apply:

1. Lowpass filtering at 6 kHz.

2. Down sanmpling 12.5 kHz.

3. Conversion of the real signal to analytical

one.

4. Conputation of a 1024 points conplex f ast

Fourier transform on the analytical signal.

5. Conputation of power spectrumfromthe FFt.

6. Calculation of the average fundanental frequency

within the wi ndow.

7. Harnonic/inharnonic separation of the current
spectrum synchronously with the current w ndow

Fo.
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8. Conputation of the VTI for every wi ndow, VTl is
the ratio of the spectral i nhar noni ¢ hi gh
frequency energy (2800-5800 Hz) to the spectra
har moni ¢ energy (70-4500 Hz) .

B. Calculate the average VTI val ues for al |
processed wi ndows. VTl neasures the relative energy |evel of

hi gh-frequency noi se.

VTl nostly correlates with the turbul ence caused by
inconplete or |oose adduction of the wvocal folds. VTI,
unli 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
analysis. However, VIl is a new attenpt to conpute a
paraneter which correlates with breathiness. Because VTl 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 of 70-1600 Hz to the higher frequency harnonic
energy in the range 1600-4500 Hz.

SPI is computed using a pitch synchronous frequency

domai n net hod. The al gorithm does the follow ng procedures.



- 180-

A. Dvides the analysed signal into w ndows of

81-92 ms.

appl y:

For

|

every one of these wi ndows, the followi ng steps

Lowpass filtering at 6 kHz order 22 w th Hanmm ng
wi ndow, down sanpling of the signal data down to
12.5 Hz and conversion of the real signal ratio

anal ytical one using Hilbert transform

1024 points conplex fast Fourier transformon the

anal ytical signal.

Conput ati on of the power spectrum from the

FFT.

Cal cul ation of the average Fo wthin t he
wi ndow synchronously with the pitch extraction

results.

Har noni c/i nharnoni ¢ separation of the current
spectrum synchronously with the current w ndow

Fo.

Conmput ation of SPI of the current window. SPI is
a ratio of the |lower-frequency (70-1600 Hz) to
the higher frequency (1600-4500 Hz) harnonic

ener gy.
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B. Conputes the average of SPI for all previously

processed w ndows.

SPI can be thought of as an indicator of how
conpletely or tightly the vocal folds adduct during
phonation. Increased value of SPI is generally an indication
of loosely or inconpletely adducted vocal folds during
phonation. However, it is not necessarily an indication of a
voice disorder. Simlarly, patients with "pressed" phonation
may |ikely have a "normal"” SPI though their pressed voice
characteristic may not be desirable. Therefore, a high SPI
value is not necessarily bad, nor a low SPI val ue
necessarily good. Subjects with glottal chinks (determ ned
stroboscopically) or wwth high phonatory air flew rates
often exhibit an increased SPI. Spectral analysis wll show
a well defined higher formants when SPI is Jlow, and |ess

wel | defined when SPI is high.

SPI is very sensitive to the vowel formant structure
because vowels with |lower high frequency energy will result
in higher SPI, only values conmputed for the sane vowel can

be conpared.

I ncreased SPI values nmay be due to a nunber of
factors. The subject may have a "soft" phonation because of

a voice or speech disorder and may not be able to strongly
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adduct his vocal folds. However, the subject nay 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
the sustianed vowel. If the subject phonates softly, SPI nmay

be hi gh.
Frequency Trenor Intensity Index (FTRI) /%

Average ratio of the frequency magni tude of the nost
intensive |owfrequency nodulating conponent (Fo-trenor)
to the total frequency magnitude of the analysed voice

si gnal .

The nethod for frequency trenor analysis consists of

the follow ng steps:

A. Division of the fundanmental frequency period-to-
period (Fo) data into 2 secs wi ndows. For every w ndow, the

foll owi ng procedures apply.

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

down sanpling at 400 Hz.

2. Calculation of the total energy of the resulting

si gnal .

3. Subtraction of the DC conponent.
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4. Calculation of an autocorrelation function on the

resi due signal.

5. Division by total energy and conversion to

per cent.

6. Extraction of the period of variation.

7. Calculation of Fftr and Ftri corresponding to the

period of wvariation found.

B. Conputation of the average autocorrelation curve

and average FTRI for all processed w ndows.

The algorithm for trenor analysis deternmnes the
strongest periodic frequency and anplitude nodulation of
voi ce. Trenor has both frequency and anplitude conponents
(i.e., the Fo may vary and/or the anplitude of the signa
may vary in a periodic manner). Trenor frequency provides
the rate of change with Fftr providing the rate of periodic
trenor of the frequency and Fatr providing the rate of
change of the anplitude. The programw || determ ne the Fftr
and Fatr of any signal if the magnitude of these trenmors is
above a low threshold of detection. Therefore, the magnitude
of the frequency trenor and the magnitude of the anplitude
trenor are nore significant than the respective frequencies

of the trenor
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Amplitude Trenor Intensity Index (ATRI) /%

Average ratio of the anplitude of the nobst intense
| ow-frequency anplitude nodul ating conponent to the total

anplitude of the anal ysed voice signal.

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

into consideration instead of Fo data.
Degree of Voice Breaks (DVB) /%

Ratio of the total Iength of areas representing

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

&l 2 B SR L
DY _l____: ___________
Tsa
wher e,
ty, to, ..., tn - Lengths of the 1st, 2nd, ...,
voi ce break
Tsam - Length of analysed voice data sanples.
DVB does not reflect the pauses before the first and
after the |last voiced areas of the recording. It measures

the ability of the voice to sustain wuninterrupted voicing.
The normative threshold is '0o because of normal voice,
during the task of sustaining voice, should not have any

voi ce break areas. |In case of phonation with pauses (such as
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runni ng speech, voice breaks, delayed start or earlier end
of sustained phonation), DVB evaluates only the pauses

bet ween the voiced areas.
Degree of Sub-harnonic Conponents (DSH) /%

Rel ati ve eval uation of sub-harnonic to Fo conmponents

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-harnonic of the real pitch (NSH to the total nunber of

autocorrel ati on segnents.

The degree of sub-harnonic conponents in nornal
voi ces should be equal to zero. It is expected to increase
in voices where double or triple pitch periods replace the
fundanmental in certain segnents over the analysis |ength.
These effects are typical for diplophonic voices and voices
with glottal fry. The experinmental observation of patients
with functional dysphonia or neurogenic voice disorders may

show i ncreased val ues of DSH.
Degree O Voiceless (DOV) /%

Estimated rel ati ve evaluati on of non-harnonic areas

(where Fo cannot be detected) in the voice sanples.
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DOV is conputed as a ratio of the nunber of auto-
correlation segnents where an unvoi ced decision was made to

the total nunber of auto-correlation segnent,

DOV neasures the ability of the voice to sustain
uninterrupted voicing. The normative threshold 1is o)
because of 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), DOV

al so evaluates the pauses before, after and/or between the

voi ced ar eas.

Nunmber of Voice Breaks (NVB)

Nunmber of tines t he f undanent al peri od was
interrupted during the voice sanple (neasured fromthe first

detected period to the last period).

NVB does not reflect the pauses before the first and
after the last voiced areas of the recording. However, i ke
NUV, it neasures the ability of the voice to sustain
uninterrupted voicing. The normative threshold is o)
because of normal voice, during the task of sustaining
voi ce, should not have any voice Dbreaks. In cases of

phonation wth pauses (such as running speech, voi ce

br eaks, del ayed start or earlier end of sust ai ned
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DOV is conmputed as a ratio of the nunber of auto-
correlation segnents where an unvoi ced deci sion was nmade to

the total nunber of auto-correlation segnent.

DOV neasures the ability of the voice to sustain
uninterrupted voicing. The normative threshold 1is "o
because of normal voice, in the defined task of sustaining
voi ci ng, should not have any voicel ess segnents. |In case of
phonati on with pauses (such as running speech, voice breaks,
del ayed start or earlier end of sustained phonation), DOV
al so evaluates the pauses before, after and/or between the

voi ced areas.

Nunmber of Voice Breaks (NVB)

Nunber of tines t he f undanent al peri od was
interrupted during the voice sanple (measured from the first

detected period to the last period).

NVB does not reflect the pauses before the first and
after the last voiced areas of the recording. However, |Ilike
NUV, it nmeasures the ability of the voice to sustain
uninterrupted voicing. The normative threshold is "o
because of normal voice, during the task of sustaining
voi ce, should not have any voice breaks. In cases of
phonation wth pauses (such as running speech, Voi ce

breaks, delayed start or earlier end of sust ai ned
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phonation), NVB evaluates only the pauses between the voiced

ar eas.

Nunmber of Sub-Harnoni c Segnents (NSH)

Nunmber of autocorrelation segnents where the pitch

was found to be a sub-harnonic of Fo.

The nunber of sub-harnonic conponents in nornal
voi ces should be equal to zero. It is expected to increase
in voices where double or triple pitch period replaces the
fundanental in certain segnents over the analysis |ength.
These effects are typical for diplophonic voices and voices

with glottal fry.

Nunmber of Unvoiced Segnents (NW)

Nunber of unvoiced segnents detected during the

auto-correl ati on anal ysi s.

NWV neasures the ability of the voice to sustain
uninterrupted voicing. The normative threshold is "o
because of 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 uates also the pauses before, after and/or between the

voi ced ar eas.





