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| NTRODUCTI ON

Voice is the result of breath under pressure from |ungs
causing the approxi mated vocal cords to perform the rhythmc

excursions of separation and cl osure.

- Greene 1980,

phonation is the specialized activity of the larym
correct voice production requires co-ordination between

respiratory and phonatory systens.

Voice may be defined as a laryngeal tone which can be

heard or neasured.

"The normal voice should possess certain characteristics
of pitch, loudness and quality, which nake neaning clear,
arouse the proper enotional response or ensure a pleasant

tonal effect upon the hearer”.

- Berry and Ei senson - 1962

Normal voice is related to physical determ nants such as
age, sex, size of the speech organs and cultural

determnants |ike socio economc conditions etc. (Van Riper).

To understand the physiology of voice one needs proper
measur enent techni ques. Abnormal vibratory novenents of
vocal folds are known to manifest in the form of phonatory
di sorders. Hence study of vibratory novenents is of greater

i mport ance.
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Many researchers have attenpted to study the vibratory
patterns of vocal - fol ds usi ng vari ous t echni ques.
El ectrol aryngraphy is one of the nethods used extensively to

quantify the glottal waveform

"The laryngograph is a practical instrument which has
designed to allow vocal fold closure to be nonitored nost
notably giving a basis for the neasurenent of aspects of

vocal fold vibration which occurs during voiced sounds".

(Fourcin and Abberton, 1971)

Details of vocal fold vibration can be related to a
typical Lx cycle for normal nodal voice. Generally four main

features can be seen in any normal Lx waveform

1) A steep rising edge 2) A maxi mum peak 3) A shallow falling
edge 4) A trough essentially constant wth tine. These

correspond to the vocal fold.

1) closing phase 2) closed phase 3) opening phase 4) open

phase (Lectuse - 1977).

Many studies have been reported regarding paraneters

i ke speed quotient, open quotient, speed-index, 's' ratio,
jitter and shinmer etc.
It is evident from the review of literature that not

much study has been done to relate the paraneters with voice
quality of an individual. Al so, nost of the studies have

used a small sample (10 cycles) to study the glottal



par anmet ers. The reason for this is that these studies used
the manual nethod where the analysis of a greater sanple was
not feasible as it is tine consum ng. Hence the present
study was proposed. The main ains of the study were a) to
validate the newy developed automatic extraction programre
woul d provide sanmple nore waveforns in a relatively shorter
timte h) to relate the paraneters thus obtained to the

per cei ved voice quality.

30 normal subjects (15 nales and 15 females) in the age
range of 18 to 31 years and 6 trained singers (3 males and 3
females) in the age range of 22 to 38 years were studied

using electro |aryngograph and conputer (PC/ AT) necessary

software for anal ysis.

Pur pose of the study:

The purpose of the present study was to validate the
new y developed automatic nethod of extraction of glottal
paranmeters and to relate these paraneters to the perceived

voi ce quality.

The following parameters were studied in phonation of
/al using 10 consecutive cycles in the normal nethod and 10
and 100 consecutive <cycles in the automatic extraction
nmet hod, keeping the frequency and intensity of sustained

phonation constant for all the subjects.



Mai n

VI .

d osed quoti ent
Fundanental frequency
Qpen quot i ent

Speed quoti ent

o & w npoE

Speed i ndex.

hypot hesi s

There is no significant difference between nmanual and
automatic extraction nmethod for the extraction of the

gl ottal paraneters.

There is no relationship between closed quotient and

glottal efficiency.

There is no relationship between fundanmental frequency

and glottal efficiency.

There is no relationship between open quotient and

glottal efficiency.

There is no relationship between speed quotient and

glottal efficiency.

There is no relationship between speed index and glottal

ef ficiency.

Auxi liary hypothesis

| a.

There is no significant difference between nmanual and
automatic nmethod of extraction of the paraneter closed

quoti ent.



['1b.

I'11a.

There is no significant difference between manual and
automatic method of extraction of the paraneter

fundanental frequency.

There is no significant difference between manual and
automatic nethod of extraction of the paranmeter open

guot i ent .

There is no significant difference between manual and
automatic nethod of extraction of the paraneter speed

guot i ent.

There is no significant difference between nmanual and
automatic nethod of extraction of the paraneter speed

i ndex.

There is no significant difference in the values of the
paraneters for 10 and 100 cycles of analysis by

automati c extraction method.

There is no effect of sex on the closed quotient of non

si ngers.

There is no relationship between fundanental frequency

and cl osed quotient of non singers.

There is no effect of sex on the <closed quotient of

si ngers.

There is no effect of sex on the fundanental frequency

of non singers.



II1b. There is no relationship between fundanental frequency

and perceived voice quality.

II'lc. There is no effect of sex on the fundamental frequency

of singers.

IVa. There is no effect of sex on open quotient of non

si ngers.

| Vb. There is no relationship between the fundanenta

frequency and open quotient of non singers.

|Vc. There is no effect of sex on the open quotient of

si ngers.

IVvd. There is no relationship between fundanmental frequency

and open quotient of singers.

Va. There is no effect of sex on the speed quotient of non

si ngers.

Vb. There is no relationship between speed quotient and

fundanental frequency of non singers.

Vc. There is no effect of sex on speed quotient of singers.

Via. There 1is no effect of sex on the speed index of non

si ngers.

VIb. There is no relationship between fundanental frequency

and speed index of non singers.



VI c.

Vi d.

Vi e.

| np

1.

There is no relationship between speed index and

percei ved voice quality of non singers.
There is no effect of sex on the speed index of singers.

There is no relationship between speed index and

fundanmental frequency of singers.

l'ications of the study:

It provides information regarding the normal vibration of

vocal folds.

|t provides an opportunity for studying vocal fold

vibration in terns of different paraneters.

A new paraneter Cq is used for the normative data and its

relationship with perceived voice quality is provided.

The results of the study can be wused as norns for

eval uating voice disorders.

The results may be used to evaluate the progress nade by

cases during and after therapy.

It may be used to nmake conparison with other studies.

It provokes nore research on this I|ine.



Definitions:

The follow ng definitions have been used in the present
st udy.
cl osed phase

1. dosed quotient = x 100
total period

closing tine + closed tine + opening tine

........................ x100

total period
2. Fundanental frequency

1

= tine di fference betmeen two successive +ve
goi ng zero crossing

open phase open tine
3. Open quotient = x 100 x 100
total period total period

opening tine

4. speed quotient
closing tine

speed quotient - 1

5. Speed index =
speed quotient + 1

6. Total period = The tinme required to achieve a cycle of

the Lx wave.

7. Manual extraction nethod: In this nethod the various
points are plotted by the investigation for each cycle
based on which the conputer calculates the values of

different paraneters.
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11.

Automatic extraction method: In this nethod the conputer
automatically plots various points and calculates the

val ues of different paraneters.
EGG = El ectrogl ottogram sanme as el ectrol aryngograph.

Gottal waveform or laryngeal waveform = The graph

obt ai ned by EGG

Trained singers = Individuals who had a mnimumof 3 to 4

years of training in singing.

Limtations of the study:

The nunber of normal subjects were restricted to 30 nales

and 15 females).

The nunber of trained singers studied was 6 (3 nmales and 3

f emal es).
Only one trial of phonation has been studied.
ly on vowel (a) was studied.

Only five paraneters have been considered in the present

st udy.
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REVI EW OF LI TERATURE

"Speech is the way of life for man. No normal person is
wi thout this faculty and no other species is known to possess

it" (Punt, 1952).

Once acquired, speech becones a constant conpanion to
man. It beconmes a property of the individual, at the sane

time it is the bond which established the society.

Speech is produced w thout observable effort by the
human being. The range of speech variation is immense, and

consi dered nor mal .

Only a small part of the information conveyed by speech,
less than 1% is used for linguistic purposes, as such the
rest gives other kinds of information, about the specific
character of the vocal tract of the speaker, which enables us
to recognize his voice, his physical well being, his
enotional state and his attitudes towards the entire context
in which the speech event occurs. It can also carry other
information about the speaker, with reference to the

convention of social class, occasion and style.

The primary node of communication is speech and voice is
the vehicle of speech. Voice has been defined differently by
di fferent workers. The one comonly accepted definition is
given by Mchel and Wendahl (1971). According to them voice
is the "Laryngeal nodulation of the pulnonary air stream

which is then further nodified by the configuration of the
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vocal tract". This voice is not only used as a vehicle for

speech but also for singing and theatrical perfornmances.

Humans can produce vocal sounds at a wde range of
f undanent al frequencies wth great varieties of tonal
qualities, using only a single pair of vocal folds. This is
in contrast to many other nusical instruments which have
multiple strings in order to cover fundanmental frequencies
and/or tonal qualities. That is to say that the vocal folds
can becone vibrators with nany different properties (H rano,

1977).

According to WIlson (1956) the characteristics of a good

Voi ce are:

a. pleasing voice quality.

b. proper bal ance of oral and nasal resonance.

c. appropriate |oudness.

d. a-nodal frequency level (habitual pitch Ilevel) suitable
for his age and sex and

e. an appropriate voice inflection involving pitch and

| oudness.

The production of voice is a conplex process. It
requires precise control by the central nervous system of a

series of events in the peripheral phonatory organs.



12

The crucial event essential for voice production is
vibration of the vocal folds. The vibration of the vocal

folds convert D.C. air-streaminto A.C. air-stream

There is controversy regarding the nmechanism of vocal
cord vibration. There are nmainly two theories to explain

this:

1. The nyoelastic aerodynamc theory proposed by Miller
(1849) and later nodified by Tonndorf (1925) and Smth
(1954). However the salient feature of Miller's version
have remained unchanged which postulate that the vocal
folds are set into vibration by the air stream from the
lungs and the fundamental frequency of vibration is
dependent upon the effective mass, |ength and stiffness of
vocal folds. These vibrations are regulated in all fine
details by the sustained innervation of interval and
ext er nal | ar yngeal muscles and associated resonators

(Vander Berg, 1958).

2. The Neurochronaxic Theory: It was proposed by Hussan
(1950). This states that each new vibratory cycle is
initiated by a nerve inpulse transmtted fromthe brain to
the vocalis nuscle by the way of recurrent branch of vagus
nerve. The frequency of the vocal fold vibration is
dependent upon the rate of inpulses delivered to the
| aryngeal nuscles. Various studies have been conducted.

The result of sonme of them support and sonme of them
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contradict both the theories. But according to Fant
(1960), the nost comonly accepted one is the nyoelastic

t heory.

Voi ce serves bot h l'i ngui stic and non-linguistic
functions in any |anguage, though the degree and extent to
which they serve, vary from |anguage to | anguage. Sorre of

these functions are:

1. Variations in voice in terns of pitch and | oudness provide

the required rhythm to speech

2. Voicing (i.e., the presence of voice) has been found to be
a major distinctive feature as in nost of the |anguage,
wherein its absence as function in the voice of any

individual leads to a speech disorder.

3. Speech prosody is a function of vocal pitch, |oudness and
phonetic duration and variations/nodulations in these
bring about a change in the nmeaning. Thus voice also

pl ays a semantic role.

4. Voice can reveal the speaker's identity in terns of age,
sex, height and weight of the speakers (Perkins, 1971).
It is also possible to identify the speaker in terns of
race, socio-economc status and racial features (Lass,

Brong, Ciccolena, Walters & Maxuel |, 1980).
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5. Several investigators contend that the voice reflects the
personality of an individual (Starkweather, 1981; Rousey

and Mariarty, 1965).

Studi es by Fairbanks (1942, 1966) and Huttar (1967) have
f ound t hat VOi ce reflects enot i onal st at us of t he

i ndi vi dual s.

6. Voice has been considered to reflect the physiologica
state of an individual. Eg. A weak voice may indicate ill
health of a person; denasal voice may indicate the speaker

havi ng common col d, etc.

More specifically, voice reflects the anatom cal and
physi ol ogical conditions of the respiratory, phonatory and
resonatory system deviations in which may lead to voice

di sorders.

7. In recent tines, it has been found by many investigators,
that it is possible to identify abnormalities in neonates

by analyzing their cry.

Thus, voice serves nunerous and varied functions, of
this, it plays a mjor role in speech and hence in
communi cati on. Therefore voice needs to be constantly
nmonitored and in the event of abnormal functioning of voice,
an imedi ate assessnent should be undertaken. Thi s

assessnent wll Jlead to the diagnosis which not only
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identifies the voice disorders but also acts as an indicator

for the treatnent and managenent to be foll owed.

The ultimate aim of studies on nornmality and abnormality
of voice and assessnent and diagnosis of the voice disorders
is to enforce a procedure which will eventually bring back
the voice of an individual to normal or optinmumlevel is the

main aimor objective of treatnent.

The managenent of voice problem is through either
medi cal, surgical or therapeutic intervention in the order
Hence always nedical Iline conmes first and then surgical.
After the primary pathol ogy, if any, Is treated the
t herapeutic intervention is done if voice problem persists or
to correct the undesirable habits in producing voice. Again
based on the nature, extent and severity of the voice
di sorder, and or a conbination of the intervention strategies
is considered. Eg. A vocal nodule may require all the three,
whil e puberphonia with pitch breaks requires only voice

t her apy.

As effective managenents required, it beconmes necessary
to device and use a wide battery of tests or assessnent

strategies in order to arrive at an effective diagnosis.

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

1981; Nataraja & Jayaram 1979; Rashm, 1985).
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There are wvarious nethods of direct or indirect
assessnent, observation and/or measurenent of the paraneters
involved in the process of production of voice. Sone of

those which are directly related to voice are:

El ectronyography (EMG):

Whi ch can be used to denonstrate the muscular activity
of the laryngeal nuscles that regulate the vibratory pattern

of vocal cords at the physiol ogical |evel.

The acoustic analysis of voice:

Hirano (1981) states that ".. this may be one of the
nost attractive nmethod for assessing phonatory function or
| aryngeal pathology because it is non-invasive and provides

objectives and quantitative data".

Many acoustic paranmeters, derived by various nmethods,
have been reported to be useful in differentiating between
t he pathol ogi cal voice and normal voice. But Hanson et al
(1983) reported that the acoustical neasurements do not
necessarily have a direct physiological correspondence to

abnormal glottal activity.

The aerodynam c aspect of phonation is characterized by
four paraneters nmainly subglottal pressure, supraglottal
pressure, glottal inpedance and volume velocity of the air

flowat the glottis (Hrano, 1981). These neasures have al so
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been reported to be related to listeners rating of deviant

voi ce di nensions (Hanson et al., 1983).

The psycho-acoustic evaluation of voice

The human ear has a remarkable capacity to identify and
di scrimnate varying sound conplex. One can identify the
speakers sinply by listening the voi ce. Wel |l trained voice
clinicians are frequently able to determne the causative
pat hol ogies on the basis of phycho-acoustic inpression of

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

Exam nation of Phonatory Ability

The term phonatory ability refers to the neasurenents of
maxi mum durati on of sustained phonation (Lass & M chel, 1969;
Pl acek and Sander, 1963; Van Ri per, 1954; Fairbanks, 1960
Laden et al., 1968). Maxi mum frequency range (Hllen and
M chel, 1968), dynamc range of vocal intensity, glottal

efficiency and others.

Measurenents that can be reflected to the norma
physi ol ogy and pathophysiology of abnormal behaviour are
hi ghly desirable. Since phonatory dysfunction, usually
mani fests as a result of abnormal oscillatory novenents, the
nmeasurenent and analysis of the vibratory pattern of vocal
folds has the potential to provide detailed information on
the pathophysiology of the vocal folds during phonation
(Hanson et al. , 1983).
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The study of vibratory novenents has drawn a lot of
researchers recently. Several methods have been devel oped
with the objective of visualizing the rapid novenents of the

vocal fol ds.

Met hods of studying vocal fold vibration

The vocal cords vibrate in the frequency range 100-300
hz during normal conversation and even at higher |levels
during singing. Qobservation of such vibrations require
special nethods. The following are sone of the nethods used

to study vocal fold vibration.

St r oboscopy.

U tra-sound gl ottography/ Echogl ottography.
U tra-hi gh speed photography.

I nverse filtering.

Phot o-el ectric gl ottography (PGG) .

o o A w dhPRE

El ectrogl ott ography (EGG).

St r oboscopy

Schonhari (1960) was the first one to make extensive and
pi oneering studies wth the wuse of a nodern |aryngo-
st r oboscopy. In this technique the light source of the
stroboscope emts intermttent light flashes, which can be
synchronized wth vibratory cycles when the flashes are

emtted at the sanme frequency as that of +the vocal fold
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vibration, a sharp and clear still imge of the vocal-folds
is observed. Wen the flashes are emtted at frequencies
slightly less than the frequency of the vocal fold vibration,
giving rise to a systematic phase delay of the consecutive
light flashes, a slow notion effect is produced (Hirano,
1981). Stroboscopy does not give any objective recording but
is entirely depended on the investigators subjective

i mpression of slow notion.

U trasoni c gl ottography:

First described by Hensch (1964), nmakes use of short
ul trasound pul ses gener at ed by electrically excited
ultrasound transducer with a repetition frequency of about
10 Mz (Homer et al, 1973). The transducer probe placed on
the thyroid lamna, and the reflected ultra-sound pul se wll
be picked by a transducer, visualized as a curve on a cathode

ray oscill oscope.

Utra high speed photography:

The technique involves photographing the vibratory
nmovenents of vocal cords by a special canera at a speed of

about 4300 franes per second (Hallin et al, 1977).

The larynx can be viewed directly in a small mrror
suitably positioned far back in the nouth. By illumnating

the vocal cords with a high intensity light beam Fransworth
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(1940) was able to make novies of vocal cord notion at 4000

franes/ sec.

This nethod is invasive and hence requires a great dea
of cooperation from the subject. It is not only expensive

but al so consunes a lot of space and ti mne.

Anat om cal abnormalities of pharynx and |arynx may cause
pr obl em But the advantage with this method is that it
facilitates franme by franme analysis of various paraneters of

the vibration of vocal cords.

I nverse filtering method:

It is an acoustic procedure in which the inverse of the
lip radiation and vocal tract spectral contributions are used
to renove the acoustic effects of supraglottal vocal tract
leaving the glottal volune flow The nore abnormal the
voice, the nore direct to choose inverse filter paraneters.
This method was first described by MIller (1959), Sondhi
(1975). But for a signal having large Jitter value, the

inverse will be the poorest choice of techniques.

Phot o-el ectric gl ottography (PGG):

This is a technique (Sonesson, 1959 and 1960) in which
light, being transmtted through the skin of the neck, is
allowed to pass through the glottis and is picked up by

light-conductive rod introduced into the nouth. Wien the
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vocal folds vibrate, the glottis is alternately varies
corresponding to the actual glottal area. The |ight
conducting rod is connected to a nultiplier phone tube, and
on to a cathode ray oscilloscope. A curve is then obtained

whi ch corresponds to the vibration of vocal cords.

This nethod is better than stroboscopy because graphical
display is possible and better than ultra-high speed

phot ography because it is econom cal.

This nethod does not allow conclusions concerning the
vi bratory novenents of one vocal-fold according to Honer

et al, 1973.

Phot o-el ectric glottography, unlike electroglottography
gives nore information during the open portion of the glottal

cycle (Hanson et al, 1983).

El ectro gl ottography (EGG) :

The principle is based on the fact that human tissue
conducts electric current (Colton et al, 1983). The
el ectrogl ottography registers the contact between the vocal
cords as a time varying signal (Childers and Krishnamnurthy,
1985) . Wien the two gold-plated guarding electrodes are
pl aced on either side of the neck, at the level of the voca

f ol ds.
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This technique makes use of notion induced variation in
the electrical inpedance between two el ectrodes placed on the
skin covering the thyroid | am nae. A week, high frequency
signal (0.5 - 10 MHz) is applied to one electrode. The other
el ectrode picks up the electrical current passing through the
[ arynx. The transverse electrical inpedance varies with the
opening and closing of the glottis, and results in a
variation of electrical current in phase with the vibratory

phase of the vocal folds.

This technique was first developed by Fabre (1957).

| nprovenents in the apparatus and application of the

technique to clinical investigation have been extensively
performed by several investigators (Fourcin and Abberton,
1972: Fourcin , 1981). The relation between the inpedance

of the electroglottogram and the underlying physiology of the
vocal folds has been well docunented by several investigators
(Pederson 1977, Childers, Smth and More 1984, G bert,

Lecl use, Broacaer and Verschure, 1975).

Lecluse and his co-workers (1975, 1977) recorded EGG
simul taneously with stroboscopic images, and related the EGG

recording to the glottal inmages.

Fourcin (1979) nade simultaneous recordings of EGEs and
airflow velocity curves for different nodes of phonation and
described the nmethod to interpret the electroglottograns. He
al so enphasized that fundanmental period of the vocal fold

vi bration could be determ ned quite accurately using EGG
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In contrast to PGG whose output signal reflects the size
of the glottal area during the open phase, the output signa
of EGG convey information regarding the contact area of the
vocal folds (Koster and Smth, 1970). So EGG could be
useful for investigating the glottal condition during the

cl osed phase.

The EGG however, appears to be considerably affected by
artifacts, including variations in the inpedance between the
el ectrodes and the skin, vertical displacenent of the |arynx
in relation to the electrodes, conditions of cervica
structures other than glottis, and so on. It is difficult to
determne the extent to which the contact area of the vocal

fold contributes to the output signal of EGG

D scussing the various paraneters of voice, Mchel and
VWendhal states that "glottal waveform cannot be easily
defined as sone of the other paraneters. Basically, however,
an index of glottal waveform may be obtained by cal cul ating
(a) the opening tinme of the vocal folds, (b) the closing tinme
of the vocal folds (c) the open tine, (d) the closed tine,

all during a single vibratory cycle".

Different workers give different description of the
glottal waveforms. For exanple Hrano (1981) divides one
vibratory cycle into two major phases, the open phase and the
cl osed phase. (Qpen phase is further divided into opening and

cl osi ng phase.
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Moore and Thonpson (1965) state that the followng two

conditions are present for normal phonation.

(1)

(2)

can

(1)

(2)

(o)

Al the tnree phases of the vibratory cycle viz. opening

pnase, closing phase, ana cl osea pnase.

Tne nmotion of the two cords tena to be relatively

synchronous and equal in anplitude.

the information obtained througn tne el ectrogiortography

be summari sed as foll ows:

It proviaes far nore information about the closea phase
of the groutal cycle than about the open pnase ana in
particular, it provides sone |level 01 insight about

vertical contact changes.

It is nut possible to deterine the exact. insight of
opening or closing of the vocal words (Roster anu Smth,
| 970) . It is clear, however that a mninum resistance
peas represents C osure, while the opposite peak snows a
point in tne open phase,. Tne slupes between tne peaks
currespunu, at reast grossly, to opening ana closing
pnases. onset or closure is usually signrea by a rapid
rail of resistance, witn a knee" in the closing portion
Or trie wave childrens, Naik, Larar, Krishnamurtny ana

nmoore, 1983; Childers, Smtn and npbore, 1905;

qualification or phases or tne vocal fold cycle on the

basis of Lx is or questionable validity, although
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guantitative neasures of Lx may be relevant to

eval uati on of voice disorder.

Lx may permt qualitative description of |aryngeal
actions especially when used in conjunction wth other
types of neasures (Hrano, 1981; Valiancies, Gatherson,
Past ernak, Cuisez, Placy, 1971; Titze and Tal ki n, 1981,
Kitzing, 1982, Baer, Titze, Yoshika, 1983).

The follow ng have been listed regardi ng vari ous aspects

of nmeasurenents of E. GG

(1)

(2)

(3)

El ectrode placenent - Lecluse, Brocarr and Vershcure
(1975) have reported that signal to noise ratio is
optimzed when the electrodes are positioned at the

| evel of the vocal folds.

Skin - electrode resistance - there is sone inpedance
introduction at the electrode - skin interface. |If the
el ectrode inpedance renmains constant it constitutes no

probl em Slow drift will be filtered out by the high-

pass characteristics of the Lx node, but will alter the
& trace. Rel atively fast changes of electrode
resi stance, however, wll introduce artifacts into the

data. Consequently, electrodes nust be clean and firmy

fixed at properly prepared site.

Fat tissue is a very poor conductor. A substantial

fatty layer wunder the skin can degrade the Lx signal
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badly. The presence of significant fat may explain why
el ectrogl ottography has not been particularly successfu
with very vyoung children, although other factors nay

al so be responsible (Holm 1971).

(4) Vertical | arynx  hei ght changes for di fferent,
articulations and phonational qualities, especially for
Fo (Bwan and Krones, 1974, Shipp; 1975, 1979; Shipp &
| zdebski, 1975). This results in a change in the
relationship of the electrodes to the vocal folds and
thereby influences the electroglottographic waveform
|f phonations at different pitches are to be conpared

caution in interpretation is advisable.

(5 Head novenent alters the relationship of neck structures

and nmay conprom se the data output. The hi gh-pass
filtering of Lx wll elimnate much of the baseline
shift, but sonme artifacts may still remain. It is

inmportant that the subjects head be stabilized with a

head rest.

Various quotient and index can be calculated using the
nmeasurenents of duration of different phases of the vibratory

cycle in order to study the glottal wave forns.
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Oh the basis of analysis of a great nmany cases,

Vonl eden, More, (1961), Yangihara (1967) have drawn the

fol l om ng concl usi ons:

(1)

(2)

(3)

(4)

(5)

(6)

Benign lesions do not prevent vibration of the vocal
fold on which they are |ocated. Both folds vibrate at

t he sane frequency.

In general, abnormal vibration patterns are typical of
di sease, wth the possible exception of very snall

| esi ons.

The nost common synptom of disease is frequent and rapid

changes in vibratory rate.

Danpi ng of vocal fold vibration is caused by all but the

very small [ esions.

Great increases in excursion are often associated wth

paral ysi s.

There is alnost always asynchronism of vibration of the

two folds. That is, they will nove out of phase.

(a) The phase shift may be constant during the cycle, or
it may change.

(b) If the phase shift affects the closed phase the
approxi mated edges of the vocal folds w il deviate

fromthe md |ine.
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(7) It is common for either the normal or the diseased voca
fold to cross the mdline during part of the glottal

cycl e.

(8) Projecting soft tunours tend to follow the notions of

t he opposing healthy vocal fold but firm tumours do not.

(9) The period of closure is prolonged at the site of a
projecting tumour. The projection however, prevents any

approxi mati on in adjoining areas.

(10) The open quotient is often increased.

Hirano, Gould, Lonbiase and Kakita (1981) - have
confirmed many of these findings in cases of unilateral voca
fold polyps, cycle-to-cycle wave form variability is
considerable in many cases of |aryngeal pathol ogy. Rapi d
changes in the glottal wave form contribute significantly to

the perception of vocal roughness (Col eman, 1971).

EEGG is normally enployed to investigate the vibratory
pattern of the vocal folds by analysing the inpedance
variations registered during the vibratory cycle. Regarding
pat hol ogi cal conditions (Van M chal, 1967), studying glottic
wave norphology in subjects with nodules of the vocal folds,
observed a notch in the portion responding to the adductory
phase of the vibratory cycle. However in recent time the
i nvestigators have sought to know the existence of

pat hgonom c traces for functional or organic pathol ogies
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responsi ble for dysphonic and the nodifications of the
traces thenselves after adequate treatnent (Mtta, Cesari

lengo, Mdtta Jr. 1990).

Sone  of t he i nvestigations have i ndi cat ed t he
possibility of wusing EGG in clinical assessnent and

treatnent of voi ce disorders.

Dej ankere and Lebacq (1985) state that abnormal E GG

findings can be considered in five different ways.
(1) Pitch characteristics (too high or |ow).

(2) Vibrational irregularities (Jitter & Shi nmer)
denonstrated by Fo histograns (Kitzing 1982, Fourcin,
1981).

(3) Speci al features of the signal in the case of

di pl ophoni ca (Dejonckers & Lebacq, 1983).

(4) Qualitative waveform of the nodified wave form (Wschel er

1977, Fourcin, 1981)

(5) Spectral anal ysi s of the waveforns (Kelman 1981).

Dej oncker & Lebac (1985) made an attenpt to quantify the
shape of E. G G signal. The purpose of their work was to

provide an answer to the follow ng question.

Can a single EGG par anet er be easily and

systematically qualified in order to show a possible
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difference between subjects with a characteristics pathol ogy

such as vocal nodul es and nornal s?

In order to answer the question, they neasured the
gquotient "S" for each curve. The ratio is the ratio between
the upper half of the cycle i.e. closed half and the |ower

half of the cycle i.e. open half.

They concluded saying that in case of pathologica
subjects the "S" ratio is nmuch |ower conpared to the nornal

(Pat hol ogi cal subject 0.4073 and normal 0.65669).

They also showed that nean value of "S" ratio was
significantly different and high anong normals than vocal
nodul e cases. That is to say, the contact area is reduced in
case of vocal nodules and this reduced vocal fold contact is

an etiologic factor of vocal nodul es.
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Soron (1967) has devel oped sound synchroni zed hi gh speed
ci nemat ogr aphy equi pnment with which he has produced data. He
has found that positive air pressure peak within the glotta
cycle varies with the proportion of tine that the cords are
closed, wth the cords closed about 50% of the glottal
period, the acoustic peak appears during early opening tinme
of the glottis. As the proportion of closure tine decreases,
the position of the acoustic peak neans to a later point in
the glottal area where peak coincides when the glottis does
not cl ose. The acoustic peak occurs during the closing

phase.

Chala (1966) on the other hand, has used a gl ottograph
with which he has found peak of pressure during the closing
phase of the glottal cycles in which cord-closure time was

relatively longer, contradicting Soron's study (1967).

Kitzing and Sonnesson (1974) studied 20 young fenal es
during normal phonation using EGG and found the values for
open Quotient, Speed Quotient and Rate Quotient. For |ow
pitch the values were 0.63, 1.1, 2.3 and for high pitch 0.77,
1.1, 1.7 respectively. For weak intensity the values were
0.83, 1.1, 1.5 and for strong intensity they were 0.7, 1.1,

and 2.1 respectively.
The concl uded that:

OQ increases as pitch increases and intensity decreases.

* SQ increases as intensity increases but is not influenced
by pitch.
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* RQ increases as intensity and pitch decreases.

Kitzing and Loquist (1979) wused PGG and EGG for
eval uation of voice therapy. One of the subjects, a 45 years
old woman, showed changes in Fo, OQ & SQ after the renoval of

oedenma and subsequent voice therapy.

Hanson (1983) conpar ed three cases wth voca
pat hol ogies with a normal subject using PGG He cal cul ated
different quotients for conparison and chief anong them was
Q which was 0-44 for normal and 0.84, 0.42 and 0.55 for
pat hol ogi cal cases. SQ which was 1.13 for normal and 5.2

2.66 and 1.90 for pathol ogical subjects.

Fourcin (1981) states that for vigorous breathy voice
the contact phase of Lx wave form is distinguished by the
presence of small, well defined, positive closure phase. The
contact phase is nore rapid and the open phase is relatively

| onger.

In case of orally wvoice the Ilaryngeal wave form
typically shows pairs of vocal contact separation sequence in
which a small peak proceeds a |arge peak, both occurring with
consi derable tenporal irregularities. The small peak has a
relatively slower onset than longer and the w dth of [|arger

peak indicates a very long closure duration.

Fourcin (1981), using Fx histogranms, was able to

differentiate between laryngitis and normals. He has studied
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the possible affects of snmoking using Fx histograns on

different age groups. He has also studied pathological
subj ect s l'i ke recurrent | ar yngeal nerve pal sy,
| aryngeal == == . and vocal polyp. Whi | e discussing the use

of laryngographic studies, he states that studying of the Lx
wave form is useful not only for the assessnent of phonatory

function but also hel pful in therapy.

Kitzing et al (1982) in their aerodynamc and
gl ottographic study of the glottal cycle of voice with hard
attack and breathy attack state that in both cases about five
cycles are required for the glottis to reach a stable node of

vi brati on.

Kel man (1981) obtained the following results for vowel
[ul 12 cycle (154 Hz) by a male and vowel /i/ 14 cycle (204
Hz) produced by a female. He did not find consistent
differences in the results obtained for different vowels. In
his study the majority of phonations required between 7 to 16
cycles for the anplitude to becone steady. H s data showed
that the male subjects took significantly longer time than
the fenmale subjects to attain steady anplitude. These
probably reflect higher fundamental frequency for fenales and

al so greater mass and inertia of nmale vocal folds.

Childers et al (1984) reported, unusual change in the
rising slope of the Lx wave forns in individuals with voca

nodul es and extensive cancer. They also observed double
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periodicity of Lx wave forns in a patient with unilateral
paral ysis of vocal cords. However, they also reported that
EGG wave forns of certain individuals wth wvocal cord
paral ysis appeared normal and Lx wave forns of sonme normals

appeared abnormal .

Fourcin et al (1972) also reported that Lx wave forns in
cases of different |aryngeal pathologies I|ike vocal polyp,
unilateral vocal cord paralysis, vocal nodules, vary from
that of normal Lx waveforns. But they al so observed that Lx
wave forns are not necessarily inpaired wuniformly in
| aryngeal pathologies and one part of the utterance may be

normal while others are very disturbed.

Motta et al (1990) observed 432 patients and divided
them as follows: 50 subjects not affected by any kind of
dysphoni a, 66 presenting a functional hyperkinetic dysphonia,
92, having nodul es involving one or both vocal folds, 86 wth
nono or bilateral polyps of the vocal folds, and 53 affected

by nono or bilateral Rainke's oedena.

They found different types of EGG patterns:

(a) In normal subjects the glottic wave was characterized by
a curved peak and a nore or less uniforminclination of

the ascendi ng and descendi ng portions.

(b) The glottic wave showed a particularly sharp peak and a
reduced anplitude in 93% of cases, the remaining 7% did

not give any significant alterations.
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(f)
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A plateau like glottis wave observed in 95% of cases, in
the remaining 5% such alterations could not clearly be

confi rned.

A single notch in the portion corresponding to the
adductory phase occurred in 72% of cases, the renaining

28% gave a nearly nornmal trace.

A single notch (25% of cases) or a double notch (68%
were noticed in 93% of cases with vocal polyps along the
portion corresponding to the adductory phase, the

remaining 7% gave a glottic trace not far from nornals.

A single notch (24% or a double notch (72% recurred in
Rei nke's QCedena's. Wile in the remaining 4% of cases
an irregular wave was noticed, which did not allow the
identification of the ascending and the descending

phase.
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Table I. Showing the summary of the Morphol ogy of the EGG
curve in different types of dysphoni a.
Types Morphology

Nor mal Curved peak, uniform ascending and
descendi ng portions. Nornal
anpl i t ude.

Functional Dysphonia

Hypokinetic dysphonia Particular sharp peak, reduced
amplitude.

Hyper ki neti ¢ dysphonia "Plateau” - like glottic wave.

Organi ¢ dysphoni a:

Vocal nodul es

Vocal polyps

Rei nke' s Cedema

A single notch in the portion
corresponding to the adductory
phase.

Single notch (25% or a double one
(68%

Si ngl e not ch/ doubl e notch,

i n adductory phase.
i rregul ar
wave, difficult to identify the

ascendi ng and descendi ng phases.
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Henson et al (1983) reported EGG findings wth
i ndividuals having normal larynges wth distinct phonatory
abnormalities like spastic dysphonia (adductor type),
Par ki nsoni sm and arseni c poi soni ng. They reported that the
Lx wave fornms of individuals with spastic dysphonia showed a
relatively longer closure period resulting in decreased Qpen
Quoti ent. The Sg values were nore than normal val ues,
indicating the abnormally short closing tine. They attribute
this findings to the increased tension of vocal cords as

conpared to nornmals.

Lx wave fornms  of individuals wth parkinsonisns
i ndi cated, open phase |onger than normals, inconplete glotta
closure, which may explain the breathiness of their voice.

They also reported |large values of Jitter and Shi nmer.

Simlarly Lx wave forns of individuals who suffered
acute arsenic poisoning indicated |arge values of Jitter and
Shimrer and very short or inconplete periods of glottal

openi ng.

Haji et al (1986) suggested that the EGSG can be
considered as a nore suitable technique than voice signa
nmet hods for perturbation analysis, as EGG wave forns are |ess
conplex than voice signals and is unaffected by the acoustic

resonance of the vocal tract.

They further reported that the frequency and anplitude

perturbation of EGG especially the anplitude perturbation



Qpen Quoti ent:

Mal es

Femal es

Speed Quotient:

Mal es
Femal es

Speed | ndex:

Mal es
Femal es

"S" Rati o:

Mal es
Femal es

Jitter:

Mal es
Femal es

Mean
[ al

0.69
0.74

Mean
[ al
1.98
2.25

Mean
[ al

0. 378
0. 377

Mean
/ al

1.13
1.13

Mean
[ al
0. 065
0. 058

val ues
il
0.71
0.72

val ues
il
1.74
2.28

val ues
[il
0. 247
0. 361

val ues
[il
1.12
1.10

val ues
il
0.11
0.03

of

of

of

of

of

! u/
0.72
0.71

SQ
[ u/
1.79
2.30

Sl
! u/

0. 266
0. 362

SR
[ u/

1.16
1.09

/3] (Msec)
[ ul
0. 067
0.048



6. Shi nmmer:

Mal es
Fenual es

Chandr ashekar (1987)
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[ al

0. 033
0. 700

males and fenales in vowels [/a/,

| evel. He reported val ues

forns as foll ows:

1. Qpen Quotient:

Mal es
Fenal es

2. Speed Quotient:

Mal es
Fenul es

3. Speed | ndex:

Mal es
Fenual es

4., "S" Ratio:

Mal es
Fenul es

val ues of / S/ (dB)

lil [ ul
0. 066 0.15
0. 370 0.44

studied Lx wave forns of dysphonic

/il and /u/ at confortable

of different paraneters of Lx wave

[ a/

0.53
0.55

[ al

3.00
2.93

[ a/

0.23
0.13

[ al

1.23
1.24

Mean

Mean

Mean

Mean

val ues of 0Q
i/

/i [ u/

0.54 0. 56

0. 55 0.54
val ues of SQ

[il [ ul

2.04 1.90

2.24 2.57
val ues of Sl

il [ ul

0.21 0.23

0.37 0.38
val ues of SR

il [ ul

1.29 1.28

1.14 1. 46
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5. Jditter:
an val ues of /J/ (Msgec)
/ ahl/k/: TV / u/e
Mal es 0.70 0.41 0.25
Fenal es 0.20 0.19 0.19
6. Shi mer:
Mean vaI ues of /S/ (dB)
/ al VAR T
Mal es 0.78 0.17 0.74
Fenal es 0. 87 0.91 0.92

Waryam Singh (1988) has reported the use of electro-
| ar yngogr aph for speech rehabilitation in near-total

| aryngectony with nyo-nucosal valved neo-glottis.

"For the past two years electro-Iaryngography has been
used to study the site and nature of function of the
neoglottis in speech production" (Waryam Singh 1987). The
el ectrol arynogography wave form has been used for therapy in
a speech rehabilitation progranme. This low cost non-
i nvasive technique provides qualitative and quantitative
i nformati on about vocal cord vibration (Abbetton and Fourcin,

1984).

Waryam Singh (1987) perforned electrolarynogography on
eight patients who had undergone the operation of near-total

| aryngectony with nyo-nmucosal neoglottis.
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The el ectrol aryngography recording of all the patients
showed a snmpboth and regular wave pattern, very simlar to
that of a chest register wave form of a normal and healthy

adult | arynx.

The recordi ngs denonstrate clearly whet her t he
neoglottis is closed or open. The anplitude variation
represents the varying degree of neoglottal vibratory

activity.

I ndi vidual transient variations of a creaky voice and
falsetto register seen in normal and healthy adults were al so
seen briefly on the recordings of the patient, but the nost
consi stent wave form appears to be very simlar to that of a

chest register of a normal healthy adult.

The EGG wave patterns of the neoglottis and those of the
normal larynx denonstrate a close sinmlarity. The wave
pattern reveals that the neoglottis not only controls airflow

through it, but also vibrates |ike normal vocal folds.

In near-total I|aryngectony wth nyo-nucosal neoglottis
the remmant of the healthy uninvolved thyro-arytenoid nuscle
with its intact nerve supply 1is wused to fashion the
pharyngeal end of the nyo-nucosal shunt. It controls the
volume of airflow into the pharynx during speech and

contracts during swallowing to prevent aspiration.
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EGG wave form shows that, with its myo-nucosal covering,
the thyroaryteroid acts as a vibratory source. It is
inmportant that during surgery this nuscle is dissected
carefully along with its delicate nerve supply, as the
presence of healthy nuscle with its intact nerve supply is

essential for control and nobility.

Balaji (1989) studied 8 dysphonic males and 8 dysphonic
females for few laryngeal paraneters. He concluded that:
1. Dysphonic nales as a group differed fromnormal males wth

respect to OQ SI, jitter and shinmer.

2. Dysphonic fenmales as a group differed fromnnormal fenales

Wi th respect to open quotient and jitter.

3. Dysphonic nmales did not differ from dysphonic fenales in

any of the paraneters

4. El ectrol arynogogr aph coul d differentiate nornmals and

dysphoni cs on nore paraneters.
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Ronbean, Miller and Arabia CGuidet (1987) concluded from
study on the wevolution of trace during the change of
| aryngeal mechani sm They concluded saying that, the
decrease of anplitude of the EGG signal acconpanied by a
change in the shape of the wave when passing from nechani sm I

(chest voice) to nechanismll (Falsetto).

Hanson et al (1988) nmade an attenpt to conpare the
findings between EGG and PGG for the cases wth recurrent
| aryngeal nerve par al ysi s, superi or | aryngeal nerve
paral ysis, conbined recurrent and superior [|aryngeal nerve
paralysis wth ideopathic causes, individual patients wth

resection of vegal nerve and nornmal s.

These studies of patients wth carefully selected
| esions of |aryngeal nerves indicates that there are specific
variations in the vibratory pattern of different lesion to
| ar yngeal I nnervati on. It appears that glottographic
nmeasur es can provide useful information regar di ng

pat hol ogi cal phonati on.

The two nmeasure OQ and SQ require know edge of maxi mal
glottal area which is not easily derived from the EGG
wavef orm Thus el ectrogl ottography alone could not provide
the informati on necessary to calculate these paraneters. The
si nul t aneous use of PGG and EGG signals provided

conplinmentary information, as has been previously noted.
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Roch, Conti, Eyrand, Dubreuil (1990) conducted a study
with synchroni zati on of gl ot t ogr aphy and | ar yngeal
st roboscopy. They reported that, the observations of the

vi bration of the vocal cords wi th synchronization allows:

1. To achieve a better understanding of the EGG curve.

2. To observe the wvariability of the variation cycle-by-
cycle, which stroboscopy does not allow, especially in
case of norphol ogical pathology, this wvariability is

gr eat .

3. To approach the intrinsic nuscular behaviour in functiona

voi ce di sorders.

Childers et al (1990) conducted a study in order to
correlate vocal fold physiology and electroglottography.

They selected few paraneters such as:

1. The instant of the opening of glottis.
2. The instant of the closing of the glottis.

3. The instant of maxi mum opening of the glottis and conpared
between normal |arynges and patients with disorders. They
al so nmade neasurenents using synchronized ultra high speed
laryngeal filns and EGG wave form collected from nornals

and pat hol ogi cal voi ces.
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Their research findings suggest that:

Specific EGG features are associated wth certain gross
vibratory characteristics of both normal and pathologic
voices (Lee & Childers 1989, Pinto, Childers and Lal wani,
1989) . Al t hough supporting data are still limted, even
subtl e vibratory characteristics appear to be reflected by

the EGG wave form (H cks, Bae, Childers and Moore, 1987).

The EGG is confirmed as useful for analysis/synthesis
purposes, as well as for nodelling |aryngeal behaviour

(Childers, 1986).

Unfortunately, the limtations include:

EGG based voice performance inpression (such as Fo,
| oudness, quality factors, etc.) confirm what the
clinician already can hear or can neasure in the other

way.

The EGG reveals little about voice quality. For eg. a
breathy voice with conplete glottal closure (Childers and

Kri shnanurthy, 1987).

EGG cannot recognize sone significant features of vocal -
fold physi ol ogy. Phot ographi ¢ evi dence reveals that the
vocal folds can vibrate with nmany variations in the anount
and region of contact, and with changes in fold contours
and do not involve contact. Because the EGG is designed

to nmonitor vocal fold contact (not novenent per sec), it
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is unable to nonitor these non-contact types of vibratory

patterns.

4. The waveform is not in a formthat can be understood or

conmmuni cat ed.

Fundanental frequency in phonation:

Fundanmental frequency is the Ilowest frequency that
occurs in the spectrumof a conplex tone. 1In voice also, the
fundanmental frequency is considered the |owest frequency in
the voice spectrum This keeps varying depending upon

several factors.

o both quality and |oudness of voice are
mai nly dependent upon the frequency of vibration. Hence it
seens apparent that frequency is an inportant paraneter of
voi ce" (Anderson 1961). The fundanmental frequency in
phonation for adult nmales and fenmales (Indian popul ation) as

reported by different investigators are as follows:

| nvestigators Mal es Femal es
Sheela (1974) 126 217
Jayaram (1975) 123 225
Nat araj & Jagdeesh (1984) 141 237
Vanaj a (1986) 127 234

Nat ar aj a 119 223
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Al | these studies showed a significant difference

between nmal es and fenmales for fundanental frequency.

Thus it is apparent from above studies that nales use a
significantly Ilower fundanental frequency when conpared to
femal es. It is also seen that <change in fundanenta
frequency is associated wth a change in prescribed voice

quality.

Fourcin et al (1989) in their tutorial review state that
details of vocal fold vibration can be related to a typical
Lx cycle for normal nodal voice. Four main features of this

wavef orm can be seen quite clearly:

|. A steep rising edge.
I'1. A maxi num peak.
I11. A shallow falling edge.

V. A trough essentially constant with tine.

These correspond to the vocal fold:

| . d osing phase.
1. Maxi mum cl osure.
I11. Opening phase and
| V. Qpen phase Lecluse (1977).

The relative durations of these phases can change wth
the voice quality. The phases (I to IIl) are often referred
collectively as "closed phase" since the folds are in sone

degree of contact since the start of the closing phase (I) to
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the end of the opening phase {l11), as against the open phase

(1V).

They say that the waveform plots nentioned above, can be
gai ned with various software packages. Plots relating to OP,
CP, 0OQ CQ Ox, Sx and Vx are only available as research

tools at present.

One neasure which was the subject of their experinmental
work was the automatic neasure of vocal fold closed and open
phases in each vocal fold vibratory cycle. In relation to
the figure above, these relate to the length of (IV) open
phase (OP) and (I-111) the closed phase (CP) (Davis and
Li ndsey 1986; Lindsey, Davis and Fourcin 1986). These

nmeasures can be expressed in various ways:
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a. as a ratio:

i. Open to closed phase ratio: OP/CP.
ii. Cosed to Open phase ratio: CP/ OP.

b. as a quotient which is the percentage of current cycle

(Tx) for which the open or closed phase exists:

i. Open quotient (OQ = L(OP/Tx) x 100)] %
ii. dosed quotient (CQ = L(CP/Tx) x 100)] %

The ideal definitions of CP and OP can be observed in
the figure and it can be seen that these rely on a visual
interpretation of the Lx wave shape. They are events on Lx
which are difficult to locate reliably by an automatic
procedure, thus various conpromses are enployed. The
currently enployed nethods for automatic estimation of OP and

CP paraneter are described by Davis et al (1986).

Experi nental mneasures of closed (or open) quotient can
be investigated in the long or short term In short term
these data are plotted tine alligned wwth the original speech
and Lx wave forns. Measures or QOQ and/or CQ are being used
in the investigation of the effect of training on the singing
voice (Howard & Lindsey, 1987), Lindsey and Howard (1989).
| nvestigations of long term closed quotient changes are based
on closed quotient Scattergram (& = d osed quotient against
fundanental frequency of excitation scattergrans) in which
each CQ val ue, neasured in a cycle-by-cycle basis, is plotted

agai nst the correspondi ng Fx val ue.
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Tx = Fundanental periodic tinme of excitation.

Fx = Fundanental frequency of excitation.

Sx = Silent larynx excitation interval duration distribution
QX = CQ excitation scattergram

Howard, Lindsey & Allen (1990) did a study to test the
hypot hesi s that training/experience and the vocal inprovenent
which the investigators assunmed to result from these, can be
related to increasing value of neasurable paraneter. Again
the closed quotient neasurenents derived automatically from
t he | ar yngogr aph out put are directly conpared wth
measurenents obtained from an automatic inverse filtering

t echni que.

Two octave ascending and descending major scales and a
two mnutes read passage were anal ysed for each subject. For
every cycle in the Lx wave form the closed quotient (CQ
val ues and the correspondi ng fundanmental period were neasured
using the automated Lx based analysing technique. The
scattergram of CQ against l|ogarithm of fundanental frequency

or  (18) were al so produced.

1. They found that the trained subject read the passage wth
a wde fundanental frequency range, suggesting an

expressive reading style, and wth a range of CQ val ues.

2. Moreover, during his Sung scale, he nmaintains CQ

towards the high end of his spoken CQ range.
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1. The untrained subject used w de range of both fundamental
frequencies and CQ val ues. He has a slightly |ower
fundanental frequency range when conpared to the trained

si nger, but be used considerably lower CQ values

t hr oughout .

2. \Wen he sings the scale the CQ values are at the |ower and

of his speaking range.

3. The untrained subject who did not find the top notes of
the scale easy to attain, exhibits a drop in CQ val ues for
these notes whereas a trained counterpart nmaintains high

CQ val ues.

The trained subjects (i.e. 5 years of training) had a
high nmean CQ (0.50% though the singing nean CQ val ues are
hi gher than the speech nean CQ i.e., the nost highly trained
singers seem to be using a nore acoustically efficient voice

in their normal speech than untrained singers.

The CQ neans were significantly different for trained
and untrained subjects. They state that the acoustic
excitation to the vocal tract is produced when the vocal
folds conme into contact. Wien the vocal folds separate, an
acoustic path exists via the open glottis to the subglottal
cavities. Sound energy that takes this path is conpletely
lost to the listener since it is absorbed in the essentially

anechoi ¢ environment of the | ungs.
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Less acoustic energy will be lost to the listener due to
the coupling in of the subglottal cavities if the time in
each vocal fold vibratory cycle during which the folds are
together is increased i.e., the value of CQ is high. Qher
effects of this action include: (a) less stored lung air
being vented in each cycle with the reduced open phase,
inproving the efficiency of energy usage and enabling notes
to be held for a longer time;, and (b) |ess breathiness of

voice quality.

Thus by increasing CQ the professional singers are able
to make use of natural acoustic consequence of an adjustnent
to the manner in which the folds vibrate to increase overall

system efficiency, by neans of:
a. An increase in output acoustic energy associated wth.

b. A decrease in expenditure of stored input energy.

Howar d, Lindsey and Pal mer (1991) conducted a study of
21 adult fermale singers and neasured the close quotient for
prose reading and singing notes of two octaves. They al so

took into account the nunber of years of training in singing.

The Lx was tine differentiated and the positive peak
were used to neasure the start of the closed phase. The end
of the closed phase was marked when the negative going Lx
waveform crosses a fixed ratio (7:3) of the current cycle's

anplitude. The tine between the start of the closed phase in
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one cycle and that in the next cycle gave the fundanental
period for that cycle. The CQ was given by (dosed phase)/
(Fundanental period) x 100%

The results showed that in singers with less or no
training exhibited a definite falling of GQ values as Fo
increases while those towards the other end i.e., trained

singer's have rising CQ values as FO increases.

Fourcin (1990) discusses a convenient and clinically
oriented way of quantitatively estimating |aryngeal closed
phase variation in speech. The termvoice quality according
to Fourcin refers to those characteristics of [|aryngea
excitation in the vocal tract which are best able to define
its resonances. In pat hol ogi cal condi tion, three
quantitatively defineable factors can transform the "quality"
of the speaking voice from being poor and inappropriate to

bei ng acceptable. These factors are:

i. The frequency range and regularity of vocal fold
vi brati on.

ii. The rapidity of vocal fold closure.

iii. The effectiveness of closure of vocal folds during each

period of vibratory cycle.

Clinically the use of the electrolaryngograph in the
study and examnation of the normal and pathol ogical voice
has been based on the analysis of period to period range and

regul arity. Dx and Cx plots provide a quite effective basis
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for the rapid clinical appraisal of the voice features
relating to the frequency range and regularity of vocal fold
vi brati on. An other inportant characteristic is that they
can be derived directly from the source of excitation in the
| arynx, rather than being inferred from neasurenent nade on

acoustic output of the vocal tract.

The second factor is inportant if the closure of the
vocal folds is not well defined in tine. The Lx waveform
can be used directly to gain sonme insight into such
conditions in a relatively sensitive way by the direct
measurenent of the tine from the onset of closure to its
peak. In addition Lx can be conbined with acoustic analysis
to provide a quantitative neasure of spectral definition by
the use, for instance, of inverse filtering of the acoustic
signal on the basis of "closed phase" information the
interval between the onset of vocal fold contact and vocal

fold separation.

When formant energy decay occurs substantially wthin
the cl osed phase of each period of vocal fold vibration, good
voice quality is produced because the resonant response of
the vocal tract is then sharply defined with mninum of
internal energy | oss. If the closed phase is short, fornmant
energy is prematurely lost by sub-glottal danmping and vocal

tract resonance are |less well defined.
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The third factor in voice quality is formally defined by
the closed phase duration to the extent that the closure is
pat ent . The inter arytenoid gap which is often associated
with breathy voice production wll introduce danmping in
addition to that attributable to the |ow cl osed-to-open phase
ratio which normally characterizes this condition. In many
practical situations the tw effects are quite closely
related and there would certainly be clinical and nore
gener al assessnent-advantage in arriving at a sinple
approximation to the third factor by considering the closed
phase neasurenents al one. Palnmer, Allen, Howard, Lindsey and
House (1990) did a study on laryngeal coarticulation at
different segnental and prosodic environnent. They used
waveform from the | arynogograph to nmeasure these effects. The

met hods wer e:

1. Ovbserving the cycle-by-cycle change in the closed quoti ent
(the percentage of each larynx period that is taken up by

the closed phase).

2. Laryngeal co-articulation occurs in English VCV sequences
specifically in the form of a healthy vowel offset before
"S". Lindsey et al (1991) suggest that this results in a
reduction in the higher frequency energy associated wth

i ncreased subglottal danping.

They used intervocalic /h/ and /?/ and concentrated on

the Jlaryngeal level to test the hypothesis that "CQ
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decreases in anticipation of a follow ng voiceless fricative
(during which vocal folds wll be abducted) and that VD
increases before /?/ (or a glotally reinforced stop) in

preparation for conplete closure at glottis.

The Lx period (Tx), the closed phase, duration, the open
phase duration and the corresponding CQ were calculated by
three different nethods. In all the methods the point of
vocal fold <closure is taken as positive peak in the
differential of the Lx waveform The point of opening is

derived by three alternative methods:

1. As the negative peak in the Lx differential.

2. As the crossing point of a fixed ratio of 70:30 of the

current cycle's peak to peak anplitude.

3. As the point at which the opening slope has the same

anplitude value as the point of closure for that cycle.

A conparison of neasurenents of glottal closed phase
derived on the one hand from inverse filtering, and on the
other hand from the Lx waveform using the second of the above
menti oned nethods has shown a high degree of correlation

bet ween measurenents nade from the two net hods.

The data revealed that all the four subjects recorded
had a significant decreases in the CQ before /h/, as neasured

fromthe md point of the first vowel, and three of the four
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subjects had a significant rise in the CQ value before the

glottal stop /7?/. The nmean CQ value was 47% for each
utterance.
Thus the review of literature indicates that the study

of vocal fold vibration using EG5 provides a very useful
information in understanding the physiology of both nornal
and abnormal voice productions. Such an information will be

of great help in the diagnosis and treatnent of voice

di sorders. Many paraneters have also been used to neasure
the vocal fold abnormalities. | nspection of the literature
shows that a new paraneter - the closed quotient, can give

nmore information regarding the effeciency of the glottis.
But there are few studies relating CQ neasures to perceived

voice quality.

Hence, the present study was ainmed to obtain a
relationship between CQ and perceived voice quality and to
find usefulness of different paraneters in the indication of

glottal effeciency.
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METHODOL OGY

The purpose of the present study was to determne the
reliability&validity of soft-ware progranme for autonatic

extraction of glottal paranmeters.

2) to determne the relationship cl osed

quotient (CQ and the quality of voice.

3) To determne the relationship f undanent a

frequency (fo) and the follow ng paraneters:

d osed quoti ent
Qpen quot i ent
Speed quoti ent

W hoe

Speed i ndex

Need for automatic extraction: From the display of EGG wave
form different points are marked to obtain the durations of
different phases. These points are marked in the manual

met hod of extraction by the investigator and hence
a) It is time consum ng and | abori ous.

b) The nunber of cycles which can be analyzed are |imted

using this method, ow ng to the above-nentioned drawback.

c) This nmethod is subjective hence the possibilities of
errors in marking the different points on the Lx waveformns

thus may lead to erroneous results.
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d) Inter-personnel reliability for the nmeasurenments obtai ned
using this nmethod is not good thus, the autonmatic

extraction becones mandatory.

A program was devel oped by a conputer engineer. Averaged
normal wave was synthesized and based on that the program was
witten, in 'C |language, in order to automatically extract
the glottal paraneters. 1) CQ 2) FO 3) OQ 4) SQ& 5) SI.
This program basically uses cut-off points on positive and
negati ve peaks in percentages, to calculate different periods
used for determning the glottal paraneters. The cut of
points were required to determne the closed period and open
period as shown in the diagram The programhas the facility

for selecting and varying the foll ow ng.

a) Sanple file nane

b) positive and negative cut-off %

c) Nunber of cycles to be anal ysed - depending on the need
this can be decided. It is a known fact that the
reliability and validity would inprove with the analysis
of nore cycles of sanples.

d) Starting point of the consecutive cycles to be anal ysed.

The programwas called "E. G G ".

The experinment was divided into tw parts:

Part A - validity of automatic program

Part B - conparison of glottal paraneters w th perceived

quality of voice.
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PART A

A total of 30 normal adults (15 nales and 15 fenal es)
were subjects for the study. The age range of the subjects
was between 18 to 31 years. All subjects were free from any
speech and hearing problens and any ear, nose and throat

problens at the tine of neasurenent.

| nstrunent ati on:

The followng instrunents were wused for the present

st udy:

1. Electrolaryngograph (kay elenetrics corporation)

2. PC/AT 386 SX with speech interface unit voice and speech

syst ens)
3. Recording Deck (Sonodyne) with wunidirectional mcrophone.

4. Software for acquisition, display and anal ysis.

The instrunents were arranged as shown in the block

di agram
______________ o} | R ———. o
Laryngograph +----- + PC/AT +---+ visual display screen
--------------- - tmmm————— o —————
o ———t o ——————— -
Microphone +=~=-=-+ Tape deck |
fommmm—— e + o ————— &

The signal from the |aryngograph was fed to the conputer

to obtain the display of the glottal waveforns ana the
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starting point usedto neasure different paraneters of the glottal

wavef orms FI G 2 shows t he gl ot t al wavef or mof a nor mal subj ect.

The conputer progranmme had facilities to display the
glottal waveform in terns of time vs anplitude (in secs) on
X-axis and y-axis respectively. The time at any given point
could be neasured by noving the cursor horizontally based on
which the glottal paraneters were cal culated by the conputer.
Using the newly developed software, automatic extraction of

the glottal parameters was al so possible.

The investigator provided the following details to the

conput er:

a) file nanme of the sanple

b) positive, negative cut-off percentage

c) nunber of cycles to be anal ysed

d) the starting point of the consecutive cycles to be

anal ysed.

Fig. 3 shows the display of results wusing the manua
extraction program for 10 cycles. Fig. 4 shows the display
of results using the automatic nethod of extraction using

sane glottal wave for 100 cycles.

Pr ocedur e:

1. The subject was seated confortably in front of the

i nstrunents.
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2. The subjects were instructed as follows: "Now |l am going
to place these electrodes on your neck and when | say
please say /a/ in your natural pitch and |oudness and
prolong it till | say "stop". Try to maintain the pitch

and | oudness | evel constant".

3. The two electrodes were placed on the neck ones the

thyroid al ae.

4. The gain out the speech interface unit was adjusted to be

within an optinmum value to avoid distortion.

5. The position of the electrodes were adjusted wuntil clear
Ix waveform appeared on the display screen when the
subj ects phonat ed. Their voice was simultaneously
recorded using an audiotape using a mcrophone and a

recordi ng deck.

6. Thus the voice signal was recorded and stored on hard disc

of the conputer at a sanpling rate of 8KHz.
Manual extraction of paraneters:

From each subject's phonation that was recorded and

stored, ten successive cycles of glottal waveforns were

selected for analysis. From the display of the waveform the
timte (mlli secs) of the starting point, of the ten
successive cycles selected, was also noted. Each cycle was

anal ysed by marking the cursor at various points as shown in

Fig. 2, to obtain the duration of various phases of the voca
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fold wvibration. After marking different points in each
cycle, different paraneters of |x waveformwere cal cul ated by
the conputer (average for 10 cycles) i.e. 1) CQ 2) Fo 3) OQ
4) SQ5) SI.

Aut omati c Extracti on:

7. These paraneters were also calculated by wusing the
automatic extraction program"(EGG" for 10 and 100 cycles
(average val ues). Here again, the starting tinme was sane
as that used for manual extraction the negative cut off
peak percentage was changed between 0.075, 0.1 and 0.12

while that of positive peak was kept constant at 0. 05.

8. The Nunmber of harmonics clearly visible for each sanple

were obtained and noted using a different program (LTAS).

Thus, the data for both manual (10 cycles) and autonatic
nmet hods of extraction (10 & 100 cycles) for the 30 subjects
were anal ysed. T-tests, spearnans were used in order to find
out the extent to which the values obtained by the two

nmet hods approxi mate each ot her.

Subj ects: Apart fromthe subjects used in Part-A, six trained
singers were taken for the study, of which, three were nales
and three were fenmales. The subjects had undergone a mni mum
of 4 years of training in singing. The age range of the
subj ects was between 18-38 years. These subjects were free
from speech and hearing, ear, nose, throat problens at the

time of experinent.
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The details about the subjects have been described in

t abl e- A.

TABLE- A

Subj ect Age rage No. of subj ects Tot al
descri ption Mal es Femal es

Trai ned singers 18- 38 3 3 6
Untrai ned singers 18- 31 15 15 30
Tot al 18 18 36

| nstrunmentation: The instrunments used were described in part-

A.

Procedure: Apart from the procedure used in Part-A the
follow ng were also included. The subjects were untricted as

foll ows.

a) "Say /al at the lowest possible pitch wthout straining
yourself at a normal |oudness level and prolong it till |

say "stop". Try to maintain the pitch and |oudness | evel

constant".

b) Now say /a/ at the highest possible pitch, |oudness |evel
and prolong it till 1 say "stop". Try to maintain the

pi t chand| oudness. const ant .

The subjects phonation for all the three pitches was
recorded on both conputer and taperecorder and 10 successive
cycles of glottal waveforns were selected from each sanple

for further analysis. The tinme (insecs) of the starting
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point, of the 10 successive cycles selected, was al so noted.
Each cycle was analysed wusing manual and automatic as

described in part-A

The nunber of harnmonics clearly visible for each sanple

wer e obtained noted using as described in part-A

Per ceptual eval uation

Perceptual evaluation was done for the recorded voice
sanpl es using five judges. These judges were post graduates
in speech and hearing.'they were asked to listen to the sanple

and rate themon a 5 - point rating scale with one being very

poor voi ce qual ity and +i ve bei ng very good voi ce qual ity. The nost
frequent rating was given to the sanple. Onh this basis, three

groups were separated were as foll ows:

a) poor voice quality - sanples which had a score of one/two
b) satisfactory - sanples which had a score of three.

c) Good voice quality four and five.

Thus, the sets of data for both manual extraction mnethod
(10 cycles) and automatic extraction (10 & 100 cycles), for
the 30 subjects for three different pitches of phonation were
anal ysed. The data was subjected to statistical analysis
were and t-test and spearmans correlation were done. Thus
30 sets of data in part A and 18 sets of data in part B were

obt ai ned.
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VAGHMI - Glottal Measurements

. — Hmmm et
Open Time [msecs] |0.40| Close Time [msecs] [1.80]
. S— S S——
TR et
Opening Time [msecs] [2.20| Closing Time [msecs] |3.30]
S S—
—— ER—:1
Open phase [msecs] ]2.60)| Close Phase [msecs] |5.10]
— ER—,
S — R et
Total Period [msecs] |7.70| Open Quotient |0.34| S Ratio |1.00|
 — E —  S—
S —— N
Fo [in Hz] |129.87| Speed Quotient |0.67|
S — -+ . ——
R—
Speed Index |-0.20|
" S— +  —
oK |
R —

Fig. 3 showing display of results by mannual extraction method.
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Enter EGG File nane [dat]: bal a5

Enter sanpling rate : 8000

Enter nunber of cycles to process : 10
I's signal Unipolar(U or Bipolar(B) : U

Enter positive threshold in percentage 0. 07
Enter negative threshold in percentage : 0.1
Enter starting point in Secs : 0.1

Enter file nanme to store result: bal a5. egg
>>>The averaged val ues for 10 cycles

Qpen  Tine : 1.9625 nBtecs

OQpeni ng Ti me : 3.3125 nfBecs

Cl ose Tine . 0.725 ntecs

G osing Tine : 1.8125 nfecs

Speed Quotient : 1.83

Open Quotient : 25.5698

G ose Quotient : 76.223

Speed i ndex . 0.292671

Frequency : 130.31 Hz

Total Tine elapsed : 17.5824 Secs.
Pressing Tine . 0-2198 Secs

FIG 4
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RESULTS AND DI SCUSSI ON

As revealed by the review of literature the paraneters

closed quotient, fundanental frequency, open quotient, speed

quotient and speed index have been wuseful in studying the
| aryngeal condi ti ons of bot h nor nal s as wel | as
pat hol ogi cal s. A osed quotient has been found to be an

important parameter in the estimation of glottal efficiency.
However not nuch data is available which relates these
paraneters to the quality of voice. Therefore the present
study was ainmed at examning the glottal paraneters
especially the closed quotient and its relationship wth

perceived voice quality.

The follow ng paraneters were obtained from each subject

for the phonation of /al.

Cl osed quotient.
Fundanent al frequency.
Open quoti ent.

Speed quoti ent.

o & W N

Speed i ndex.

As the manual nethod had drawbacks (explained in
the nethodol ogy) the automatic nmethod of extraction was
war r ant ed. Hence in the first part of the study, the data
was obtained by using manual nethod (10 cycles) and automatic
extraction nethod (10 and 100 cycles). The data thus

obtai ned was subjected to statistical analysis and the nean,
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standard deviation and range were obtained for each nethod.
The significance of difference and correlation between the
two nethods were found using T test and pearson's - R
correl ation respectively. Based on the results the positive
and negative cut off percentages were selected so as to get

the nearest approximation to the manual nethod.

It was found that by wusing the positive cut off
percentage as 7% and negative cut off percentage as 10%
there was no significant difference between the automatic
extraction nmethod and the manual nethod for all parameters.
Further these tw nethods of extraction showed maxi num
correlation for all the paraneters when the positive and
negative cut off percentages were adjusted at 7% and 10%

respectively.

Table | shows the nean, standard deviation and
correlation co-efficient val ues for different glottal
paraneters for phonation of /a/ as obtained by different

met hods of extraction.

The normative data for different paraneters as obtained

fromthe present study is as follows.

G osed quotient:

Mal es Fenmal es
Mean 76. 53 77. 64
St andard devi ati on 6. 59 4. 95

No studies are available to conpare these norns for

cl osed quotient.
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Fundanment al frequency:

Mal es Femal es
Mean 121. 60 232.55
St andard devi ati on 9.41 22.11

The fundanent al frequency in phonation for Indian
popul ation as reported by other investigators also lie within
this range (Jayaram 1975; Nataraj and Jagadeesh, 1984,
Vanaj a, 1986; Gopal, 1980; Sheela, 1974).

Open Quotient:

Mal es Fenal es
Mean 25. 02 25.23
St andard devi ati on 6. 68 4,95

The open quotient values for Indian population as
reported by other investigators do not correlate with that of
the present study. This is because the open quotient is
defined differently in the present study

open tinme

Qpen quoti ent = x 100
total tinme

whereas other investigators have defined open quotient as

open phase

Qpen quoti ent x 100

full period of vibration

open time + opening tine

total tine



However ,
the val ues of

i nvestigators (Sridhara,

Mal es
Mean 0.73
St andard devi ati on 0.04
Speed quoti ent:

Mal es
Mean 4. 07
St andard devi ati on 2.04

The speed quotient

reported by different

of present study (Sridhara, 1986; Chandrashekar

Speed i ndex:

Mal es
Mean 0.53
St andard devi ati on 0.20

The speed index val ues
by different investigators,

present study.
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when this definition was used in

open quoti ent

1986; Chandr ashekar

val ues

for

correlated with that

for |Indian

the present
of ot her

1987) were

Fenmal es

0. 66
0.18

Fenal es

5. 08
2.22

popul ati on, as

investigators also lie within the range

1987) .

Femal es

0.61
0.17

I ndi an popul ation as reported

also lie within the range of the
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COVWPARI SON BETVVEEN MANUAL AND AUTOVATI C METHODS OF EXTRACTI ON
C osed Quotient

Table | shows high positive correlation (greater than
0.8) for closed quotient between the nanual and automatic
extraction nethods. Again the difference in their mean
value in less for these two paraneters. There is no
significant difference, even at 0.05 level of significance
between the two nethods. The mean of G closed quotient as
obtai ned by manual nethod, Automatic extraction nethod (10
cycles) and automatic extraction method (100 cycles) are

79.46, 78.13 and 78.32 respectively.

Thus the hypothesis I|a stating that, "there is no
significant difference between the manual and automatic
nmet hod of extraction of the paraneter closed quotient”, is

accept ed.

This suggests that the automatic nethod is wvalid in

extracting the parameter closed quotient.

Fundanent al Frequency

Table | shows high positive correlation (greater than
0.9) for the parameter fundamental frequency between the
manual and automatic extraction nethod. Again, the difference
in their nean value is less for these two nethods. There is
no significant difference even at 0.05 level of significance

between the two nethods. The nean of fundanental frequency
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as obtained by nmanual nethod, automatic extraction method (10
cycles) and automatic extraction method (100 cycles) are

175.09, 179.66 and 179.65 respectively.

Thus the hypothesis Ib stating that, "there is no
significant difference between the manual and automatic
nmet hod of extraction of the paraneter fundanental frequency"”

i s accept ed.

This suggests that the automatic nethod is wvalid in

extracting the paraneter fundanmental frequency of voice.

Open Quoti ent

Table | also shows a high positive correlation (greater
than 0.8) for the paraneters open quotient between the manua
and automatic extraction nethods. Again the difference in
their nmean value is less for these two paraneters. There is
no significant difference, even at 0.05 |evel of significance
between even at 0.05 level of significance between the two
nmet hods. The nmean of open quotient as obtained by manual
met hod, automatic extraction nethod (10 cycles) and automatic
extraction nmethod 100 cycles are 24.12, 24.22 and 25.88

respectively.

Thus the hypothesis 1Ic stating that "there is no
significant difference between manual and automatic nethods

of extraction of the paraneter open quotient", is accepted.
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This suggests that the automatic nethod is valid in

extracting the paraneter open quotient.

Speed Quoti ent

Table | depicts a high positive correlation (greater
than 0.8) for the paraneter speed quotient between the manua
and automatic extraction nethods. Again, the difference in
these nmean value is lesser for these two nethods and there is
no significant difference even at 0.05 level of significance
between the two nethods. The nmean of speed quotient as
extracted by manual nethod automatic extraction mnethod (10
cycles) and automatic extraction nmethod (100 cycles) are 2.9,

3.69 and 3.74 respectively.

Thus the hypothesis 1d stating that, "there is no
significant difference between the mnual and automatic
met hods of extraction of the paraneter speed quotient", 1is

accept ed.

This suggests that the automatic nethod is wvalid in

extracting the paraneter speed quotient.

Speed | ndex

The study of Table I shows a high positive correlation
(greater than 0.9) for the paraneter speed index between the
manual and automatic extraction nethods. Again the

difference in their nmean value is less for these two nethods.
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There is no significant difference even at 0.05 |evel of
significance between the two nethods. The mean of speed
index as obtained by manual nethod, automatic extraction
method (10 cycles) and automatic extraction nethod (100

cycles) are 0.415, 0.463, 0.462 respectively.

Thus the hypothesis le stating that, "there is no
significant difference between the manual and automatic
met hods of extraction of the paraneter speed index", 1is

accept ed.

This suggests that the automatic nmethod is valid in the

extracting the paraneter speed index.

The correlation coefficient between the two nethods for
these paraneters show that the paraneters, f undanent a
frequency and speed index have a greater correlation for the
two nmethods as conpared to that of the parameters closed

guotient, open quotient and speed quotient.

This could be because of the subjectiveness involved in
the manual extraction nethod which could have given rise to
small errors in marking the points. The automatic extraction
nmet hod obj ective and hence the error is mniml. This neans
that the automatic nethod is nore accurate than the nmanua
met hod. Thus, the first drawback of the manual nethod is

taken care of by the automatic extraction method.

The average tinme taken for analysing (10 cycles) of

glottal wave by the manual nethod was 7 to 8 mnutes by an
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experienced clinician whereas, the average tinme taken for the
anal ysis of 100 cycles using the automatic nethod was |ess
than 2 seconds. Thus, the second drawback of the manual
met hod of extraction is taken care of by the automatic

extracti on nethod.

The investigation plays no role in deciding the points
in the automatic nethod as the points are selected
automatically. This leads to 100% test-retest reliability.
Thus the third drawback of the manual nethod of extraction is

taken care of by using automatic extraction nethod.

More cycles are required to find out the wvariation
especially in the pathol ogical cases for the paraneters as a
function of tine. This requires larger sanples and is not
feasi bl e by manual extraction nethod as it is tine consum ng.
Where as the automatic nethod of extraction can use a sanple
of even 100 cycles and calculate the paraneters in a short
tinme. Thus the fourth drawback of the manual nethod of
extraction is also taken care of by wusing the automatic

extraction nethod.

Table I shows that the values obtained by 10 cycles and
100 cycles of analysis by the automatic extraction nethod
have a high positive correlation and very less difference in
their neans for the paraneters considered (i.e., open
gquotient, closed quotient, speed quotient, speed index and
fundanmental frequency) with the co-efficient of correlation

rangi ng between 0.94 and 0.99.
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Thus the hypothesis |If stating that, "there is no
significant difference in the values of the parameters for 10
and 100 cycles of analysis by automatic extraction method",

is accepted.

Thus the hypothesis | stating that "there 1is no
signi ficant di fference bet ween manual and automatic
extraction nmethod for the extraction of the glottal

paranmeters", is accepted.

Further, experinental is carried out by using automatic
extraction of the paraneters for 100 cycles. This is because
of the finding that there is no significant difference
between the analysis by mnual and automatic extraction
method and they had a high positive correlation. Al so the
automatic extraction of glottal paraneters is less tine

consum ng than that of manual nethod.

Again there is no significant difference between the
analysis of 10 and 100 cycles by automatic extraction nethod

and al so showed a high positive correlation.

Further, nore sanple is included by analysing 100 cycles
than by analysing 10 cycles. Hence analysis of 100 cycles is
preferred conpared to analysis of 10 cycles. Thi s becones

nore inportant particularly in pathological cases.
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Cl osed Quotient

The nean, standard deviation and range of closed
quotient values for normal nonsingers for |ow pitch, habitua
pitch and hi gh pitch phonation of /a/, for males and fenal es,
as obtained by the automatic extraction nethod (100 cycles)

is depicted in Table I1I.

Conparison of Males & Femal es

Table 11l shows that there is no significant difference,
even at 0.05 level of significance between nales and fenal es
for the values of closed quotient for |ow pitch, habitual
pitch and hi gh pitch phonation of /a/ vowel. The nean CQ of
mal es and females for |ow habitual and high pitch phonation
are 79.27 & 78.03; 76.53 & 77.64; and 73.1 and 74.57
respectively. This suggests that there is no effect of sex on
the closed quotient values for normals. There are no studies

done onthis line to support this finding.

Thus the hypothesis Ila stating that, "there is no
effect of sex on the closed quotient of non singers", is
accept ed.

This is because closed quotient is a quotient and does
not depend on the period of glottal cycle, which is the major

di fference seen between mal es and fenal es.
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Rel ati onship wi th Fundanmental Frequency

Table 1V shows that there is no significant difference,
even at 0.05 level of significance, for low pitch versus high
pitch phonation of /a/ for both males and females. However,
there is a significant difference of habitual pitch verses
high pitch for males at 0.05 level of significant. The nean
CQ of males and females for |ow, habitual and high pitch
phonation are 79.27 & 78.03; 76.53 and 77.64 and 73.1 and
74.57 respectively. Table IV also shows that the nean cl osed
quotient of the habitual pitch is greater than that of high
pi tched phonation. This suggests that there is a decrease in
the closed quotient as the fundanental frequency of voice

i ncreases.

Thus the hypothesis Ilb stating that "there is no effect
of changing fundanental frequency on the closed quotient of

non singers", is rejected.

Howard et al (1991) state that "subjects with no fornal
training (in singing) exhibit a downward trend in CQ with
raising FO'. The finding in the present study is in

agreenment with that of Haward et al's study.

Rel ati onship with Perceived Voice Quality

Perceptual judgenent of voice quality of the audio
recording of the sanples were done on a five point rating

scale by five judges. Rating one indicated very poor voice
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quality and rating five indicated very good voice quality.
The ratings of the five judges were analysed and the inter
judge reliability was found to have high correlation (>
0.85). The nobst frequent rating was given to the sanple. On
the basis of this there types of voice quality were separated

as foll ows:

a. Poor voice quality - there sanples which had score of one

a two.

b. Satisfactory voice quality - these sanples which had a

score of three.

c. Good voice quality - those sanples which had a score of

four or five.

Table V shows that there is no significant difference,
even at 0.05 | evel of significance, between these three types
of voice, qualities (poor, satisfactory and good quality).
However, the judges rated the voice based on the fundanental
frequency. They rated the high pitch phonation as poorer
than the habitual pitch phonation. Again, as discussed
earlier, the closed quotient values reduced wth an increase

in pitch.

Di scussing the simlar finding in their study, Howard et_
al (1991) state that, "the main source of acoustic excitation
to the vocal tract occurs when the vocal folds rapidly cone
t oget her. The vocal folds rapidly cone together. The voca

tract formats respond to each excitations epoch with the
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characteristic 'ringing', which decays in tine as a function
of their individual band wi dths. Wen the folds separate, an
acoustic path exists via the open glottis to the subglottal

cavities.

Sound energy that takes this path is conpletely lost to
the listener since it is absorbed in the essentially anechoic
environment of the |ungs. O her effects of this action
include (a) less stored lung air being vented in each cycle
with reduced open phase, inproving the efficiency of energy
usage and enabling notes to held for a longer tine, and (b)

| ess breathiness of the voice quality".

The findings of the present study is in agreenent with
that of Howard et al (1991) study as an increase in close
quotient neans that the vocal folds are in contact for a
longer tinme and this increase in OQ is associated with good

voi ce quality.

C osed Quotient in Singers

The nean standard deviation and range of closed quoti ent
for singers for low pitch, habitual pitch and high pitch
phonation of /a/ for nales and females, as obtained by
automatic extraction nmethod of (100 cycles) is depicted in

Tabl e VI .
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Conparison of Males and Fenul es

Table VII shows that there is no significant difference
even at 0.05 level of significance, in the closed quotient
between mal es and fenales. The nean of closed quotient of
males and female for low pitch, habitual pitch and high pitch
phonation are 83.92 & 82.57; 76.9 & 79.04; and 75.8 and 78.74
respectively. This suggests that there is no effect of sex
on closed quotient of singers. No study conparing closed

quotient with sex is available to support the findings.

Thus the hypothesis Ilc stating that, "there is no
effect of sex on the <closed quotient of singers", is
accept ed.

Rel ati onship with perceived voice quality

The perceptual judgenent of the voice quality of singers
indicated that all singers had a good voice quality. This
rating never went below the rating of three. Again, rating
was given only to high pitch phonation while the habitual and
low pitch phonation were rated four or five by all the
judges. The reason for this finding is sanme as that of non

si ngers.

Thus the hypothesis Il stating that "there 1is no
relati onship between closed quotient and glottal efficiency”,

is rejected.
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Fundanent al Frequency

The nean, standard deviation and range of fundanental
frequency for normal non-singers for Jlow pitch, habitual
pitch and high pitch phonation of /a/, for males and fenal es,

is depicted in Table VIII.

Conparison of Ml es and Fenal es

The significance of difference for the paraneters
fundanentals frequency between nmales and females for |ow
pitch, habitual pitch and high pitch phonation of /a/ is
depicted in Table I X

The nean of fundanmental frequency, for males and
femal es, for |low, habitual and high pitch phonation of /al
for non singers are 119.88 & 215.67; 121.6 & 232.55 and
389. 78 respectively. Table I X shows a significant difference

at 0.01 level of significance between them

Thus the hypothesis Illa stating that, "there is no
effect of sex on the fundanental frequency of non singers"”,

is rejected.

Rel ati onship with perceived voice quality

Table X depicts that there is a significant difference,
at 0.01 level of significance, for the fundanental frequency

between poor and good voice quality. Again, there is a
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significant difference at 0.05 Ilevel of significance for
fundanental frequency between poor and satisfactory voice
quality. However, there is no significant difference even at
0.05 level of significants, between satisfactory and good
voice quality. This suggests that the judges mght have
rated the quality of voice based on the fundamental frequency

of voi ce.

Thus, the hypothesis IIl b stating that, "there is no
rel ationship between fundanental frequency and perceived

voice quality", is rejected.

This finding is in aggreenent with that of Anderson
(1961) who states that "both quality and |oudness of voice
are mai nl'y dependent upon f undanent al frequency of

vi bration".
Fundamental frequency in singers

Tabl e XI shows the nmean, standard devi ation and range of
fundanental frequency of singers, for males and femal es, for

| ow, habitual and high pitch phonation of /al.

Table XII shows that there is a significant difference
at 0.01 level of significance, in fundanental frequency of
singers between males and fenmales for |ow, habitual and high
pitch phonation of /al. This suggests that there is a

rel ati onship between sex and fundanental frequency.
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Thus the hypothesis Ill ¢ stating that "there is no
rel ationship between sex and fundanental frequency of

singers", is rejected.

Rel ationship with Perceived Voice Quality

The perceptual analysis showed that all the singers had
good voice for low and habitual pitch phonation of /[a/.
However the quality of voice for some of the high pitched
phonation were rated to be satisfactory. No sanple got a

score of less than three.

Thus the hypothesis IIl which states that "there is no
rel ati onship between fundanental frequency and glottal

efficiency", is rejected.
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Open Quoti ent

The nmean, standard deviation and range of open quotient
of non singers for |ow habitual and high pitch phonation of
[al, for males and fermales as obtained by the automatic

extraction nmethod (100 cycles) in depicted in table X I1I.

Conpari son of Ml es and Fenual es

Table XIV shows that there is no significant difference
between males and fermales for open quotient for |ow pitch,
habi tual pitch and high pitch phonation of /a/ withtheir nmean
being 22.26% and 24.74% 25.02% and 25.23% and 31.26% and
30. 46% respectively. This shows that there is no effect of
sex on the open quotient in nornmals. This is because open
quotient is quotient and does not depend on the period of
glottal cycle, which is the mpjor difference even between

mal es and fenal es.

Thus the hypothesis IV a stating that, "there is no
effect of sex on the open quotient of nonsingers" s
accept ed.

Rel ationship with Fundanental Frequency
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significant difference at 0.05 level of significance, between
low and high pitch phonation and at 0.01 |[evel of
significance, between low and high pitch phonation and at
0.01 level of significance, between habitual and high pitch

phonat i on.

Table X1l depicts that there is an increase in the nean
of open quotient as a function of fundanental frequency
Kitzing and Sonerson (1974) state that, "open quotient
increases as pitch increased and intensity decreases"”. The
finding of the present study is in agreenent with Kitzing and

Sonerson's (1974) study.

Thus the hypothesis |1V stating that, "there is no
rel ati onship between fundanmental frequency and open quotient

of nonsingers", is rejected.

Rel ati onship with perceived voice quality

Table XVI shows that there is no significant difference,
even at 0.05 level of significance between the three types of
voice qualities (i.e., poor, satisfactory and good voice
quality). However the judges seem to have rated the voice
quality based on the fundanental frequency (described under
fundanental frequency) wth high pitch phonation being poorer
again, as discussed earlier open quotient increased wth
increase in pitch. This may be because the vocal folds are
tensed and there is a greater air escape during high pitch

phonation as the time for which the cords remain open is
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| onger . This means that the glottis is not converting the
DDC source into AC energy effectively. Thus there is an
increases in the breathiness of voice and quality becones

poor with an increase in open quotient.

Open Quotient in Singers

The mean, standard deviation and range of open quoti ent
of singers for |low, habitual and high pitch phonation of /al/,
for both nmales and females, as obtained by automatic

extraction nethod is depicted in Table XVII.

Conpari son of Males and Fenal es

Table XVIIl depicts that there is no significant
difference in the open quotient of singers between males and
femal es. This is because it is a quotient which does not
depend on the period of glottal cycle which is the mgjor

di fference seem between mal es and fenunl es.

Thus the hypothesis IV ¢ stating that, "there is no

effect of sex on the open quotient of singers", is accepted.

Rel ati onship with Fundanental Frequency

Table XIX shows that there is no significant difference
in open quotient even at 0.5 level between |ow, habitual and
hi gh pitch phonation of /a/. That is there is no effect of

fundanental frequency on the open quotient of singers.
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Thus the hypothesis IV d stating that, "there is no
rel ati onship between fundamental frequency and open quoti ent

of singers", is accepted.

Rel ationship with Perceived Voice Quality

As discussed under "closed quotient”, all singers had
good voice quality with their rating never going below three
(rating three was given only for high pitch phonation). The

reason for this is same as that for nonsingers.

Thus the hypothesis |V stating that "there is no

rel ati onship between open quotient and glottal efficiency"is

rej ect ed.
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Speed Quoti ent

The nmean, standard devi ation and range of speed quoti ent
of nonsingers for low pitch, habitual pitch and high pitch
phonation of /a/, for nmales and fenmales, as obtained by
automatic extraction nethod (100 cycles) is depicted in

Tabl e XX.

Conparison of Ml es and Fenual es

Table XX depicts that there is no significant
difference of speed quotient, even at 0.05 level of
significance, between nmales and fenales for low, pitch
phonation of /al. However, it also indicates a significant
difference at 0.01 level of significance, between nmales and
females for habitual and high pitch phonation of /a/. The
nmean of speed quotient for nmales and females, for |ow
habi tual and high pitch phonation as obtained by autonmatic
extraction nethod (100 cycles) are 2.02 and 4.28; 4.07 and
5.09; and 3.34 and 5.58 respectively.

Thus the hypothesis V a stating that, "there no effect
of sex on the speed quotient of nonsingers", is rejected.
Rel ati onship wi th Fundanmental Frequency

Table XXII depicts that there is no significant
difference in the values of speed quotient, even at 0.05

| evel of significance, between |ow and high pitch between |ow
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and habitual pitch and between habitual and high pitch

phonati on of /al.

Kitzing and Sonerson (1974) state the "speed quoti ent
increases with intensity but is not influenced by pitch".
The finding of the present study is in agreement with that of

Kitzing and Sonmerson's (1974) study.

Thus the hypothesis V b stating that, "there is no
rel ati onship between speed quotient and fundamental frequency

of non-singers", is accepted.

Rel ationship with Perceived Voice Quality

Table XX shows that there is no significant
difference, even at 0.05 level of significance, between the
three types of voice qualities (i.e., poor, satisfactory and
good voice quality). Thus the hypothesis V ¢ stating that,
"there is no relations between speed quotient and perceived

voi ce quality", is accepted.

Speed Quotient in Singers

Tabl e XXI'V depicts the mean, standard deviation and range
of speed quotient of singers for |ow, habitual and high pitch
phonation of /a/ a obtained by the automatic extraction

met hod (100 cycl es).



20
Comparison of Males and Females

Table XX shows no significant difference, even at 0.05
level of significance, between males and females for low and
habitual pitch phonation of /a/. However there is a
significant difference, at 0.5 level of significance between

males and females for high pitch phonation of /a/.

Thus the hypothesis V c¢ stating that, "there is no
effect of sex on speed quotient of singers', is partially

rejected.

Comparing the mean value of singers and non singers
(Table XX and XXIV) there is an increase in the range of
speed quotient for non singers. As the singers were said to
have good voice quality it be stated that a smaller range of

SQ is associated with good voice quality.

Thus the hypothesis V stating that "there is no
relationship between speed quotient and glottal efficiency"”

is partially regected.
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Speed | ndex

The nmean, standard deviation and range of speed index
values of non singers for low habitual and high pitch
phonation /a/, for males and females, as obtained by
autonatic nethod of extraction (100 cycles) is given in table

XXVI .

Conparison of Ml es and Fenal es

Table XXVII shows that there is no significant
difference for of speed index, even at 0.05 Ilevel of
significance between nales and fenmales for |ow and high pitch
phonation of /al. It also indicates a significant
difference, at 0.01 level of significance, between nmales and
females for habitual pitch phonation of /a/ vowel. The nean
of speed index of non singers, for males and females for |ow,
habi tual and high pitch phonation of/a/are 0.25 and O0.54,
0.53 and 0.61; and 0.46 and 0.65 respectively.

Thus the hypothesis Via stating that, "there is no
effect of sex on the speed index of non singers", s
rejected.

Rel ati onship with Fundanental Frequency

Table XXVIIl indicates that there is no significant
difference in speed index, even at 0.05 level of

significance, between low pitch and high pitch, between |ow
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pitch and habitual pitch and between habitual pitch and high
pi tch phonation of /a/.

Thus the hypothesis VIb stating that, "there is no
rel ati onshi p between fundanental frequency and speed index of

non singers", is accepted.

Rel ationship with perceived voice quality

Table XXIX shows no significant difference of speed
index values, even at 0.05 |evel of significance between the
three types of voice qualities (i.e., poor, satisfactory and

good voice quality.

Thus the hypothesis WMc stating that "there is no
rel ati onship between speed index and perceived voice quality

of non singers", is accepted.

Speed Index in Singers

Tabl e XXX shows the nean, standard deviation and range
of speed index of singers for males and females, for |ow,
habitual and high pitch phonation of /a/ as obtained by

automatic extraction nmethod (100 cycles).

Conparison of Ml es and Fenal es

Table XXXI depicts that there is no significant
di fference of speedindex between nales and ferales for |ow and

hi gh pitch phonation of /a/. It also indicates a significant
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difference at 0.01 level of significance for habitual pitch
phonati on. Also, speed index is <calculated from speed

guotient which shows a significant difference between nales

and femal es.

Thus the hypothesis VI d stating that "there is no

effect of sex on the speed index of singers", is rejected.

Rel ati onshi p with Fundanental Frequency

Table XXXII shows no significant difference of speed
index, even at 0.05 level of significance, for males and
females, for low habitual and high pitch phonation of /a/.
This suggests that there is no effect of speed index on the

fundanental frequency of phonation.

Thus the hypothesis VI e stating that "there is no
rel ationship between speed index and fundanental frequency of

singers", is accepted.

Rel ationship with Perceived Voice Quality

Table XXXIIl depicts that there is no significant
difference of speed i ndex, even at 0.05 | evel of
significance, for nmales and femal es, between the three types
of wvoice quality. This indicates that there 1is no

relationship between speed index and perceived voice quality

of singers.
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Thus the hypothesis VI stating that, "there is no
rel ationship between speed index and glottal efficiency”, is

accept ed.
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SUWVARY AND CONCLUSI ONS

The study of the vibratory patterns of vocal folds has
drawn attention of researchers. Recently several nethods
have been devel oped and the objective nethods of studying the
novenent s of vocal f ol ds. One of t hem in
el ectrogl ott ography. E.G G has many advantages over other
techniques mainly because it is a non-invasive technique and

permts quantification of vocal fold vibration.

As there are not nostly studies in relating the
paraneters of EGG perceived voice quality, this study was
under t aken. Also the newy developed automatic nethod of
extraction was validated and used for obtaining various

paraneters of EGG

30 normal subjects (15 males and 15 fenmales) in the age
range of 18 to 31 years and 6 trained singers (3 nmales and 3
females) in the age range of 22 to 38 years were studied
usi ng el ectrography (kay electronics corporation) and PC AT
Wi th speech interphase unit (wpro and voi ce&speech systens).
The follow ng paraneters were obtain for |ow pitch, habitual
pitch high pitch phonation of keeping pitch and intensity

const ant .

1. dosed quotient, 2. fundanental frequency, 3. open quotient,

4. Speed quotient 5 speed index.
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The data thus obtained was subjected to statistica
analysis to find out the nean, standard deviation, range,
significance of difference and correlation across the

different pitches for all the paraneters.

The follow ng conclusions were drawn on the results:

1. The automatic extraction method wusing positive and
negative cut off points as 7% and 10% respectively is

valid in extracting all the glottal paranmeters studi ed.

2. There is no significant difference in the values of these
paraneters either by using 10 or 100 cycles of sanple in

the automatic extracti on nethod, in case of nornals.

3. There is no effect of sex on the CQ values in nornmals.

4. There is considerable change in CQ values of normals by
changi ng the fundanental frequency of phonation. The CQ
val ue decreases as the fundanental frequency of phonation

i ncreases.

5. There is considerable effect of training on the CQ val ues

as singers show a hi gher value of CQ

6. CQ can be used as an indicator of glottal efficiency

(hi gher value of CQ is associated good voice quality).

7. There is significant difference between nales and fenales

in ternms of fundanental frequency.
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There is considerable effect of fundanental frequency on

the perceived voice quality.

Fundanental frequency can also be wused as cue for
estimating the glottal efficiency as the quality of voice
goes down with increase in fundanental frequency from

habitural pitch to high pitch.
There is no effect of sex on the OQ val ues of nornals.

There 1is considerable effect of Fo on QOQ in normals (QQ

decreases as the fundanental frequency increases).

OQ can be used as an indication of glottal efficiency

(higher value of OQ is associated reduced voice quality).

There is considerable effect of sex on the SQ val ues of

nor mal s.

There is no effect of fundanental frequency on the SQ

val ues of normal s.

SQis related to glottal efficiency (lower SQ value is

associ ated good voice quality).

SQis related to glottal efficiency (|l ower SQ value is

associ ated good voice quality).
There is an effect of sex on Sl values of normals.

There 1is no effect of fundanental frequency on the S

val ues.
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19. Sl is related to of glottal efficiency.

Thus the paraneters CQ OQ SQ SI & Fo gives val uable
information in the estimation of glottal efficiency by
desecrating the vocal fold vibratory patterns of normals. It
is hoped that the programme for automatic extraction of the
paraneters would be useful in describing the vibratory

patterns even in case of abnornmal voice.
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RECOMVENDATI ONS FOR FURTHER STUDY

These paraneters (mainly OCQ may be studied wth

different |laryngeal pathologies before, during and after

therapy to find out the exact effect of therapy.

=

Q her paraneters can be considered for further study.

QG her paraneters can be considered for further study.

More trained singers nay be used as subjects for further
st udy.

The study many be carried out by using different consonant
vowel conbi nations.

QG her vowels nmay be considered for further study.

CQ may be rised abnormal subjects in order to establish
the relationship between CQ and different |aryngea

pat hol ogi es.



TABLE |

Mean and standard devi ation correl ation coefficient

manual automati c Aut omati c Mvs A Al10 vs A100

10 cyc 100 cys 10 No.
75. 67 78. 98 78. 61 0. 83 0.98
CQ 8.74 5.11 5. 62
Fo 150.18 159. 78 155. 88
58. 25 59. 21 57.94 0. 88 0.95
L 24.55 23.14 25.04 0. 68 0.98
a0 7.81 6. 09 5. 67
0
SQ 2. 37 2.72 2.72 0.81 0. 99
W 1.35 1.82 1.89
S 0. 334 0. 349 0. 343 0. 89 0. 96
0. 245 0. 250 0. 252
H
79. 46 78.13 78. 32 0. 80 0.95
A O 8.01 5. 37 5.34
B Fo 175.09 179. 66 179. 65 0. 9997 0. 9997
| 54. 02 56. 49 56. 47
oQ 24.12 24.22 25. 88 0.21 0. 94
T 6. 05 5.64 5.61
U s0 2.9 3.69 3.74 0.85 0.99
A 1.32 2. 129 2.25
Sl 0. 415 0. 463 0. 462 0. 90 0.99
L 0. 229 0. 248 0. 253
cQ 72.94 74.93 74. 89 0. 80 0. 98
9. 26 8. 08 7.54
H Fo 333.47 348. 42 350.71 0. 96 0.99
99. 45 97. 44 102. 37
I
0Q  30.62 29. 34 29. 56 0.50 0.98
9.43 8. 36 7.77
H SQ 2. 96 3. 98 3.97 0.84 0. 48
1.88 2. 17 2.18
Sl 0. 359 0. 487 0. 483
0. 223 0. 268 0. 268 0. 95 0. 99

Tabl e-1 snowi ng nean, SD ana correlation values or dirrerent
met hods of extraction.



TABLE ||

Mean SD Range

Mal es Females M F M F
L Ao 79.27 78.03 6. 34 4.85 66.06-86. 39 66. 53-83. 05
N Ajoq 76.53 77.64 6. 59 4.95 65.98-89.04 67. 37-83.69
H Ajqo 73.1 74.57 8.81 6.26 55.82-84.85 65.27-83. 03

Tabl e |1

showi ng Mean,
for

automatic extraction nethod for

TABLE ||

SD and range of closed quotient val ues

non si ngers.

Male vs fenal e

(automatic 10 cys)

Male vs fenal e
(automatic 100 cys)

L NS NS
N NS NS
H NS NS
Table 111 show ng Significance of difference of CQ between

mal es and fenmales for automatic extraction nethod for non
si ngers.
TABLE |V
Low vs Habi bual Low vs High Habi bual vs H gh pitch
pitch pitch
Sex Al10 A100 A10 A100 A10 A100
Mal e NS NS NS NS NS S*
Femal e NS NS NS NS NS NS

Table IV showing Significance of difference of CQ between

different fundanenta

si ngers.

NS

frequenci es of phonation for

non




TABLE V

Poor vs Satisfactory Poor vs Good Satisfactory vs Good
Al0 NS NS NS
A100 NS NS NS

Tabl e V showi ng Significance of difference of CQ as a
function of perceived voice quality for non singers.

TABLE VI
Mean St andard devi ation Range
Mal es Fenal es M F M F
L 83.92 82. 57 0.35 3.37 83.67-84. 16 80. 12-86. 41
N 76. 90 79.04 2.16 2.27 74.95-79. 23 77.44-80. 65
H 75. 80 78.74 6.78 9.32 70.81-83. 12 68. 53-86. 77

Table VI showi ng Mean, SD and range of closed quotient values
for automatic extraction nethod for singers.

TABLE VI |

Mal e vs femral e Male vs femnal e
(automatic 10 cys) (automatic 100 cys)

L NS NS

Z
&
&

H NS NS

Table VII showi ng Significance of difference of CQ between
mal es and fenales for automatic extraction method for
si ngers.



TABLE VI I |
Mean St andard devi ati on Range
Mal es Fenales Males Females Ml es Fenal es

Low 119.88 215.67 23.02 37.40 91-96-173-99 107-66-259.62
HB 121. 60 282.55 9.41 22.11 109-55-140.83 195.63-274.41
H 349.00 389.78 112.74 92.72 190.85-485.33 305.41-590. 77

Table VIII showi ng Mean, SD and range of fundanenta
frequency values for automatic extraction nethod for non
si ngers.

TABLE | X

Mal e vs Femnal e Mal e vs Fenal e
(Automati c A10 cys) (Automatic. 100 cys)

Low S+ S *
Habi t ual S+ S *
Hi gh NS S+

Tabl e Ix. showing Significance of difference of Fo between
mal es and femal es for automatic extraction nmethod for non
si ngers.

gX* 16NV ELCAT AT 0~ 01



TABLE X
Poor vs Satisfactory Poor vs Good Satisfactory vs Good
Al0 S S NS
A100 S S NS

Tabl e X showing Significance of difference of Fo as a
function of perceived voice quality for non singers.

TABLE Xl

Mean Standard devi ation Range

Mal es Fenal es M F M F

L 104. 94 209. 47 2.06 27.24 103.48-106.39 180. 73-234.92
N 125.67 239.10 7.32 54.77 117.24-130.56 200.37-277.83
H 231.17 359.34 12.69 18.51 219.30-244.55 345. 36-380. 33

Table XI showi ng Mean, SD and range of fundamental frequency
values for automatic extraction nethod for singers.

TABLE XI |

Mal e vs Fenal e Mal e vs Fenal e
(Automatic A10 cys) (Automatic 100 cys)

Low Sr* S**
Habi t ual SH* SH*
Hi gh NS S *

Table XII show ng Significance of difference of Fo between
mal es and fenales for automatic extraction method for
si ngers.
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TABLE Xl 11
Mean Standard diviation Range
Mal es Fenal es Males Fenmales Ml es Fenal es

Aioo 22.26 24. 34 6. 23 4.98 15.27-73-09 19. 77-36. 43
HB 25.02 25. 23 6. 68 4.95 12.48-35.77 18.45-35.31
H 31. 26 30. 46 9.30 6.21 18.83-50.24 20. 81-39. 20

Tabl e X1l show ng Mean, SD and range of open quotient val ues
for automatic extraction nmethod for non singers.

TABLE XI'V

Mal e vs Fenal e Mal e vs Fenal e
(Automatic Al10 cys) (Automatic 100 cys)

Low NS NS
Habi t ual

7
&

H gh NS NS

Table XIV showing Significance of difference of OQ between
mal es and fenmales for automatic extraction nmethod for non
si ngers.

TABLE XV

Low vs habi t ual Low vs high Habi tual vs high pitch

pitch pi tch
Sex Aig A1qo Aiq A1qo Aigq Aioq
Mal es NS NS S* S Sk* St*
Females NS NS NS NS NS NS

Table XV showi ng Significance of difference of OQ between
different fundanental frequencies of phonation for non
si ngers.
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TABLE XI X

Low vs habi t ual Low vs high Habi tual vs high pitch

pitch pitch
Sex Ao Aioo Ao Aioo Ao Aioo
Mal es NS NS S* S* S* * Sk *
Femal es NS NS NS NS NS NS

Tabl e XI X showing Significance of difference of OQ between
fundanmental frequency of phonation for singers.

TABLE XX
Mean Standard diviation Range
Mal es Fenmales Males Fermales Whales Femal es

| ow 2.02 4.28 1.12 2.12 0.9 to 4.41 1.54 to 8.01
Hab 4. 07 5.09 2.04 2.22 1.14 to 7.78 1.94 to 8.05
Hi gh 3.34 5.58 1.67 1.99 1.33 to 5.74 2.86 to 8.66

Tabl e XX showi ng Mean, SD and range of speed quotient val ues
for automatic extraction nethod for non singers.

TABLE XXI

Mal e vs Fenal e Mal e vs Femal e
Aut omati c Al10 cys (Automatic 100 cys)

Low NS NS
Habi t ual NS S*
Hi gh S* S*

Tabl e XXI showing Significance of difference of SQ between
mal es and fenmales for automatic extraction nethod for non
si ngers.



TABLE XXI |

Low vs habi t ual Low vs high Habitual vs high pitch

pitch pi tch
Sex AlO AlOO AlO AlOO AlO AlOO
Mal e NS NS NS NS NS NS
Fenal es NS NS NS NS NS NS

Table XXI'I showi ng Significance of difference of SQ between
different fundanental frequencies of phonation for non
si ngers.

TABLE XXI 11
Poor vs Satisfactory Poor vs Good Satisfactory vs Good
Al0 NS NS NS
A100 NS NS NS*
Table XXII'1 showi ng Significance of difference of SQ as a

function of perceived voice quality for non singers.

TABLE XXIV
Mean St andard devi ati on Range
Mal es Femal es M F M F
L 1.16 1.92 0.37 0.31 1.00-1.32 1.63-2.24
N 1.48 1.48 0.36 1.07 1.06-1.75 0.73-2.24
H 3.30 1.32 1.50 0.86 1.58-4.33 0.51-2.23

Tabl e XXI'V showi hg nean standard devi ati on and range of SQ
for automatic extraction method for singers.



TABLE XXV

Mal e vs female Mal e vs fenale
(automatic 10 cys) (automatic 100 cys)

L NS NS
N NS NS
H NS NS

Tabl e XXV showi ng Significance of difference of SQ between
mal es and fenmales for automatic extraction nethod for
si ngers.

TABLE XXVI
Mean Standard diviation Range
Mal es Fenal es Males Fenales Males Femal es

| ow 0.25 0.54 0.22 0.20 0.05 to 0.62 0.21 to 0.77
Hab. 0. 53 0.61 0.20 0.17 0.06 to 0.77 0.31 to 0.77
H gh 0. 46 0. 65 0.21 0.1 0.1 to 0.67 0.47 to 0.77

Tabl e XXVI showi ng Mean standard devi ati on and range of speed
index values for automatic extraction nethod for non singers.

TABLE XXVI

Mal e vs Femal e Mal e vs Fenal e
Aut omati ¢ AlO0 cys (Automatic 100 cys)

Low NS NS
Habi t ual S** Sk *
H gh NS NS

Table XXVI1 showing Significance of difference of Sl between
males and fenmales for automatic extraction nmethod for non
si ngers.
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TABLE XXVI I |

Low vs habi t ual Low vs high Habitual vs high pitch

pitch pitch
Sex Ago A1oo Ago Aioo Ago A1oo
Mal es NS NS NS NS NS NS
Femal es NS NS NS NS NS NS
Table XXVII1 showing Significance of difference of SI between

different fundanmental frequencies of phonation for non
si ngers.

TABLE XXI X
Poor vs Satisfactory Poor vs Good Satisfactory vs CGood
A10 NS NS NS
A100 NS NS NS

Tabl e XXI X showi ng Significance of difference of SI as a
function of perceived voice quality for non singers.

TABLE XXX
Mean Standard devi ation Range
Mal es Fenal es M F M F
L 0. 069 0.291 0.099 0.07 0.0067-0.139 0.225-0.367
N 0.180 0.105 0.129 0.381 0.031-271.0 0.164-0. 374
H 0.477 0.535 0.220 0.358 0.223-0.614 0.321-0.390

Tabl e XXX showi ng nean standard deviation and range of Sl for
automati c extraction nethod for singers.



TABLE XXXI

Mal e vs feral e Mal e vs fenal e
(automatic 10 cys) (automatic 100 cys)

L NS NS
N NS NS
H NS NS

Tabl e XXXI showi ng Significance of difference of SI between
mal es and females for automatic extraction nmethod for
si ngers.

TABLE XXXI

Low vs habi t ual Low vs high Habi tual vs high pitch

pitch pi tch
SEX AlO AlOO AlO AlOO AlO AlOO
Mal es NS NS NS NS NS NS
Femal es NS NS NS NS NS NS

Tabl e XXXI'l showi ng Significance of difference of Sl between
di fferent fundanental frequencies of phonation for singers.

TABLE XXXI 11
Poor vs Satisfactory Poor vs Cood Satisfactory vs Good
Al0 NS NS NS
A100 NS NS NS
Table XXXI'I'1 showi ng Significance of difference of SI as a

function of perceived voice quality for singers.
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