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1.1
| NTRODUCTI ON

Since tinme imenorial speech has been given considerable
i nportance by man. The under |ying basis of speech is voice.
"Voi ce plays the nusical acconpaninent to speech rendering it
tuneful, pleasing, efficient comunication by the spoken
word" (Greene, 1964). Apart fromthe use of voice for normnal
day to day communication, it is also used for professiona
purposes by individuals such as singers, actors, radi o/ TV
artists |l awers, teachers, sales - persons and others. There
is a greater need for these professional to use the voice
nore effectively. This effective use calls for efficient
production of voice. Vocal system or abuse of the system
| eads to organic changes in the system (Stone, 1973; Perking,
1971). This in turn causes |loss of voice or abnormal voice.
The inpact of voice dysfunction on the quality of life is
difficult to appreciate, as the capacity to comunicate is
frequently taken for granted. Voi ce problem may severely
di sturb interaction with others, resulting in a considerable
econonmi ¢, social and psychol ogi cal disturbances. It may al so
have a denoralizing effect on conmunication especially in
cases of professional users of voice. | ndi vi dual s aspiring
to beconme professional users of voice approach the speech
pat hol ogi st to inprove their voice. It might be a good tine
to discuss standardization of the clinical exam nation of
voi ce (Hrano, 1981) . This holds good even today,
particularly with reference to normal and supranornmal or

efficient voice.
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Voice is considered as nultidinmensional series of
measur abl e events. Devel oprment of technology has permtted
the analysis and neasurenment of various aspects of vocal
function. There have been may attenpts to define normal,
abnormal and optinmal voice objectively. optimal voice

functioning nmeans the nost efficient functioning of voice

producti on system "Optimal vocal functions can be defined
aesthetically, acoustically and  hygienically", ( Per ki ns.
1971). Until the dinensions of vocal production can be

gquantified satisfactorily clinical nanagenent of voice wll
remain as it has been and is, an artistic endeavour
disjointed from scientific studies of voice (Perkins, 1983) .
Cinically the speech pathologist is faced with the problem
of providing a voice, which is efficient, i.e., where there
i s maxi mum physi o-acoustic econony wth mninmm expenditure
of energy. At present there is no nethod, which permts the
assessnment of voice to identify the ‘'efficient voice',

considering all the aspects of voice production.

The first step in the study of voice nust be the
determi nation of pertinent, measurable paraneters. Pertinent
in that the changes in these variables wll have a
perceptible effect and neasurable in order to quantify and
correlate the changes with the effect (Mchael and Wendahl,

1971).
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Several nethods have been used by di fferent
investigators, in different conbinations. Sonetines only one
or two of them have been used for evaluation of Vvoice.
However, as Hrano (1981) has pointed out there is no
agreenent regarding the findings and also the terns used.
Further, there are no extermnate studies on analysis of
voi ce paraneters in normal, supra normal and abnormal in
| ndi an popul ati on except for an attenpt by Jayaram (1975) and
Nat araj a (1986) which provided prelimnary I nf ormati on
regarding the voice disorders. However there have been no
attenpt to study the voice of stage actors in terns of
acoustic and aerodynamic paraneters and to note the
paranmeters contributing for effective use of voice like in
stage actors.

The present study ains at conparing the acoustic and

aerodynam c paranmeters of voice of normals and stage actors.

Need for the Present Study

1. The acoustic and aerodynamc paranmeters of voice in
stage actors (supra normals), who had under gone
traditional training, has not been studied in an Indian
popul ati on. It has been considered that the neasurenent
and conparison of voice, in ternms of aerodynamc and
acoustic paraneters, of stage actors, (Supra normal) and
normals, would help in determning the paraneters
contributing for supra normal and normal voice. Hence

the present study has been proposed.
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Aimof the Study

This study ains to analyze the acoustic and aerodynam c
paraneters of voice of normals and stage actors and conpare

t hem

In the present study the followng paraneters were

st udi ed.

Aer odynam ¢ Paraneters

1. Vital Capacity (MO

2. Maxi mum Phonation Duration (MPD)
3. Mean Air Flow Rate (NMNAFR

4. SZ ratio

Acoustic Paraneters

Opt i mum Frequency (CF)
Aver age Fundanental Frequency (FO
H ghest Fundanental Frequency (HFO

Lowest Fundanental Frequency (LFO

© © N o o

Standard Devi ation of Fundanmental Frequency (STD
10. Phonatory Fundanmental Frequency Range (PFR

11. Fundanental Frequency Trenor (FFTR

12. Anplitude Trenor Frequency (FATR

13. Absolute Jitter (JITA

14. Jitter Percent (JITT)

15. Rel ative Average Perturbation (RAP)



16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

1.5

Pitch Period Perturbation Quotient (PPQ

Smoot hed Pitch Period Perturbation Quotient (SPPQ
Coefficient of Fundanental Frequency Variation (VFO
Shimrer in dB (SHIB)

Shimrer in Percent (Shin

Ampl i tude Perturbation Quotient (SAPQ

Snoot hed Anplitude Perturbation Quotient (SAPQ
Coefficient of Anplitude Variation (VAV

Noi se to Harnonic Ratio (NR

Voi ce Turbul ence Index (VTI)

Soft Phonation Index (SPl)

Nurmber of Voi ce breaks (NvB)

Nunber of Sub-Harnonic Segnents (NSH)

Nunber of Unvoi ced segnents (NW)

Frequency Trenor Intensity Index (FTR)

Amplitude Trenor Intensity Index (ATR)

Degree of Voice Breaks (DvB)

Degree of Sub-Harnonic Segnents (DSH)

Degree of Voicel ess (DW)

Average Pitch Period (TO

A group of 30 normal subjects which fornmed the control

group (15 nmales and 15 females) in the age range of 20 to 35

years and second group of 30 stage actors which forned the

experinmental group (15 nales and 15 fermales) in the age range

of 20 to 35 years were considered for the study.
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Al'l the above nentioned paraneters were neasured for 3
trials of phonation of vowels /a/, /i/ and /u/ and 3 trials
of sentences /idu/ [/papu/, [idu/ [koti/, [idu/ [kenpu/
/banna/. Vital capacity and Mean air flow rate was neasured
using an expirograph, whereas, MWD and s/z/ Ratio were
nmeasured using a stop watch. All other paranmeters were
measured by analyzing the voice and speech using a conputer
with AAD, DA converter, Digital Signal processor and Milt

D nensional Voice Profile (Kay elenetrics).

Hypot hesi s:

1. There is no significant difference between the two
groups - normal and supranor nal in terms of the

paraneters studied both in nmales and fenal es.

2. There is no significant difference between the two
groups - males and fermales in ternms of the parameters

studied both in the normal and supranormal groups.

Limtations of the Study:

1. The nunber of normal subjects studied were restricted to
15 mal es and 15 femal es.

2. The nunber of supr anor nal subjects studied were
30 (15 nmles and 15 fennl es).

3. The anmount and kind of training recieved by the stage
actors has not been quantified and varied from subject to

subj ect .
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REVI EW O LI TERATURE

Communi cation has been recognized as one of the nost
fundanment al conponents of human behavi our. The ability of
human beings to use their vocal apparatus with other organs
to express their feelings, to describe an event and to

establish communication is unique to them

"Al human societies and only human species conmunicate
via a systemof arbitrary vocal signs. Language is unequally

human phenonenon. Accounts of humans w t hout |anguage and of

animals with |anguage are equally suspect. Man and | anguage
are cotermnous,: (Sporta, 1967). "Every human society, no
matter how primtive, has devel oped the ability to

communi cate through speech and our ability to comunicate
t hrough spoken and witten |anguage has frequently been cited
as the single nost inportant characteristic that sets hunman

apart fromother aninmls". (Qurtis, 1978)

Speech is a formof |anguage that consists of the sounds

produced by wutilizing the flow of air from the |ungs.

According to Boone (1971) , "the act of speaking is a very
speci alised way of wusing the vocal nechanism The act of
singing is even nore so. Speaking and singing demand a

conbination or interaction of the nechanisns of respiration

phonati on, resonation and speech articul ati on"

The inportance of human voice in nodern society cannot

be overstat ed. It is the primary instrunment through which
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nost peopl e pr oj ect t hensel ves and i nfluence their
conpatriot. Titze (1995 has described it as "over primary
source of expression. In social situations are can lethis
voi ces be heard to gain acceptance or comruni cate ideas. But
even in solitude there is vocal expression, sonme people

finding pleasure in talking or singing to thensel ves".

It is well established that the voice has both
linguistic and non-linguistic functions in any |anguage.
Brodnitz (1959) consi ders it as "an i nstrunent of
communi cation. From the first cry of the baby to the great
vari ety of neaningful voice sounds of the grown up, we use
voice to express-often w thout words-enotion, appeal, joy,
desire, fear. "He has further stated that the "voice is one
of the nost characteristic expressions of the individuals
personal ity and the change of enotions and noods occurring in
the daily life of a person. W are all; influenced by the
psychol ogi cal inplications of vocal expression even if we are
not consciously aware of it. W like or dislike voices, we
judge people by their voices and we believe or disbelieve
statenments by instinctively evaluating the "Sincerity" that
the voice gives to the spoken word". According to Perkins

(1971) there are at least five kinds of non-linguistic

functions of voice. Voi ce can reveal speakers identity,
heal th, enoti onal st at e, personality and aest hetic
orientation. In addition voice 1is also a carrier of

connot ati ve comuni cati ve content.
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Voice is nore than a neans of comrunicating verbal
nessage clearly, it serves as a powerful converge of persona
identity, enotional state, education and social status. It
is because of this that inpairment of vocal function or
complete loss of voice is so, distressing to individual.
Voice constitutes the matrix of ver bal conmuni cat i on,
infusing all paranmeters of hunman speech and the unique self
we present to the world" . (G eene & Matheson; 1995) . Thus
voi ce has inportant roles in conmunication using speech and

there is a need for studying voice.

The production of voice depends upon these primry
factors; pulnmonic pressure (Supplied by the respiratory
system), Laryngeal vi bration (phonati on) and  Transfer
function of the vocal tract (resonance). The production of
voi ce depends on the synchrony or co-ordination between these

syst ens.

Pitch, |oudness and quality are the three attributes of
voice, Voice and its disorders are described using these
three attributes nobst often. Anderson (1961) opines that
"both quality and |oudness of voice nmainly depend upon the
frequency of vibration. Hence it seens apparent that

frequency is an inportant paraneter of voice".

Use and mai ntenance of efficient voice in communication

is the need of the hour. As Titze (1992) states" A
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substantial section of our population vocalizes for |ong
periods of tinme (in a classroom over the telephone, wth
clients & custoners), and in noisy environnent (autonobiles,
ai rpl anes, subways, factories etc.,), which suggests that a
greater awareness about the vocal organ and its care under
hi gh demand is needed. He further states that "typical voice
clients are professionals who have fatigued or abused their
vocal mechani snms, including sales people, teachers, actors,
singers, |lawyers, politicians, mnisters, auctioneers, cheer
| eaders, aerobic instructors, coachers, stock traders and
construction workers. Many of these people speak for |ong
hours and often under considerable psychol ogical stress".
Stenple (1993) defines professional voice users as "those
i ndi viduals who are directly dependent on vocal comrunication
for their livelihood". Therefore it has becone necessary to
define good voice and to find out the determ nants of good

Voi ce.

A good voice is a distinct asset and a poor voice may be
a handi cap. Optinmum voice is also referred as Good voice
(Wlson, 1979), Adequate voice (CQurtis, 1948), Voice of
superior speaker (Sniclear, 1951), voice of best speakers
(Boone, 1971), voice with optimumpitch (Perkins 1971; West,
Ansberry and Carr, 1957). Bl ack (1942) sunmarised the case
for cultural standards as determined by the preference of
|isteners. Thus a so-called good voice is a mtter of
opi nion, and the judgenent is rendered nore valid when the

opinion is a collective one. In working wth group
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preferences, researchers in speech wusually infer that
j udgenments of sone observes are nore valid than those of
ot hers because of factors of training and experience
"Qurtis (1948) has listed the following as requirenents for

adequat e voi ce:

l. "The voice must be |oud enough. A voice nust not be
weak that it cannot be heard under ordinary speaking
conditions, nor should it be so loud that it calls

considerable attention to itself.

1. Pitch level nust be adequate. Pitch | evel nust of
course be considered in terns of age and sex of the
i ndividual. Men and wonen differ systematically in the

vocal pitch level, and children differ from adults.

1. Voice quality nust be reasonably pleasant. Thi s
criterion is essentially a genitive are inplying the
absence of such wunpleasant qualities as hoarseness,

brai nl ess, harshness and excessive nasal quality.

| V. Flexibility nmust be adequate. Flexibility invol ves
both pitch and | oudness. An adequate voice must have
sufficient flexibility to express variations in stress,
enphasi s and meani ng. A voice, whi ch has good
flexibility is expressive. Flexibility of pitch and
| oundness are not inseparable but they tend to vary

together to a considerable extent".
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Koutman & | ssason (1991) suggest a voice usage

classification systemof four levels. These include

The elite perfornmer . Professional singer & actors

Pr of essi onal voice . Public speakers, lecturers

Non- vocal prof essi onal . doctor, |awyers, sales persons

Non-vocal non-professional f?ctgry wor kers, | abourers &
cl erks

Al t hough these professionals span a broad range of voice
sophi stication and voice needs, they share a dependence on
vocal endurance and qual ity for their l'ivelihoods.
Prof essional users of voice constitute an ever-increasing
segnent of the population, and their need for expert care has
inspired new interest in wunderstanding the function and
dysfunction of the human voice. They are the dynpic

athl etes of the voice world.

Hirno (1989) considers the vocal function as a
mul tidi nmensional function and has stated that "1t 'S
sonet hing |ike physical strength. Physi cal strength cannot
be determned with any single scale. There is no single
measure either with which one can evaluate the entire aspects
of the vocal function. Any vocal function test, however
useful it is can evaluate only part of the vocal function.
This is an inportant notion whenever clinicians assess the
vocal function. They nust have a thorough understanding of
what aspects of the vocal function can be evaluated with the

test they enploy and what aspects of the vocal function



2.7

cannot be assessed with it. Anot her i nportant notion for
voi ce evaluation or voice function tests is that fact that
the purpose of nost tests presently in use are basically not
to make a diagnosis of the etilogical disease of the voice
di sorder but to evaluate one or several aspects of the vocal
function. There are unfortunately no Internationally
st andardi zed nethods for voice evaluation. Conpari sons of
vocal function cannot be nmade arose different voice clinics
and across different periods wthout comobn standardized

tests".

Acoustic neasures of voice production provide objective
and non-invasive neasures of vocal function. I ncreasingly,
t hese neasures are available at affordable cost, and voice
pat hol ogi sts find them a convenient indirect measures to
docunment voice status across tine. Acoustic analysis of the
voice is nore objective than auditory nethods for screening
or voice therapy assessnent, (Koi ke, 1976) . "Acoustic
analysis of the voice may be one of the nost attractive
met hods for assessing phonatory functions or |aryngeal
pat hol ogy because it is non-invasive and provide objective

and quantitative data. "(H ndu, 1981)

Nataraja & Savithri (1990) described the clinical
aspects of voice evaluation. The have listed tests as

follows which are useful; Vital capacity
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Mean Air flow rate, Fundanental frequency & its range,
Intensity & its range, Maximum Phonation duration, Optinmum
Frequency, Jitter, Shi mer el ectrogl ot t ogr aphy, I nver se
filtering, HN Ratio, Tests for Resonatory system TONAR
Nasal ance. At present nore tests are avail able which nakes
it equal to international standards. Recently Titze (1995)
gave the specifiable paraneters of voice production as:
Maxi mum frequency (pitch) range, Mean rate of vocal fold
vi bration (Habitual pitch), Air cost (MPT), M n- Max
intensifies at various pitches, periodicity of vocal fold

vibration (Jitter), Nose and Resonance.

Since any one acoustic paranmeter is not sufficient to

denmonstrate the entire spectrum  of vocal function,
mul ti di mensi onal anal ysis of usi ng mul tiple acoustic
paranet ers have been attenpted by sone investigations. Many

researchers have suggested various nmeans of analyzing voice
to note those factors that are responsible for creating an
i npression of a particular voice and to determ ne underlying
mechani sms (M chel & Wendatil, 1975; Jayaram 1975; Hanson &
Laver, 1981; Hirano, 1981; Kelman, 1981; Imaizum, HiKki,
Hirana & Matasue Hita, 1980; Kim Kakita & Hrane, 1982;
Per ki ne, 197; & Enerick & Hatten, 1979, Nataraja, 1986) .

Thus a single phonation can be assessed in different
ways: Aerodynam cally, Acoustically. Lar ynogr aphi cal |y,
Spectrally etc. In the present study it was decided to use

the following paraneters. As the ensuing review shows these
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paraneters reflect various aspects of voice and the

functioning of the systens involved in voice production.

1. Maxi mum phonation duration (MPD):

MPD has been defined as the nmaxinum tine an individua

can sustain phonation after a deep inhalation.

A a good criterion for the general quality of voice
is imediately available by determining the phonation tine"
(Arnold, 1955). This measure gives information about
efficiency of the pneunophonic sound generation in |arynx.
It also denonstrates the general state of the subject's
respiratory co-ordination and overall status of the vocal
apparatus (Arnold, 1959; Luchsinger, 1955; Boone, 1971
M chel and Whdahl, 1971, .ald, 1975).

The determnation of phonation tinme is an inportant

phoni atric test (Daniel Boone, 1971; Luchsinger, 1965).

Maxi mum phonation duration depends on sex, age, health
physi cal training, functi onal state of the respiratory
system balance of the neuro vegetative system type of
vowel , glottal closure, frequency and SPL of phonation and

post ure.
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Ptacek and Sanders (1963) and Hollien, and Col eman
(1970) found that males, in general are able to sustain
phonation for a substantially |onger duration than femnales
Hirano (1981) states that, research has shown that average
duration is greater for males (25-35 seconds) than for
femal es (15-25 seconds). Jayaram (1975) from his study on
| ndian adults found a nean value of 22.23 seconds in males
and 14.11 seconds in females ranging in age from 16-30 years.

Vanaj a (1986) f ound no statistically si gni fi cant
di fference between normal adult nmales and females for MPD in
ol d age group.

Normati ve data on normal children and adults have been
obt ai ned by several investigators |like Ptacek and Sanders
(1963). Yanagi hara and Koi ke (1967). Hirano et. al (1968).
Beckett et. al. (1971), Toit and Mchel (1977). Norns for
MPD vary from ten seconds for consonant in children (Boone,
1977) to thirty seconds for vowels (Arnold, 1955) in nornal
voi ced i ndi vi dual s.

Lewi s, Casteel and MMhan  (1982) have found no
statistically significant relationship between the |ength of
phonati on duration and age. Many investigators have reported
that MPD increases wth age in children (Launer, 1971;
Cunni ngham Grant, 1972; Shigenori, 1977; and Rashm, 1985).
Ptacek et. al. (1960) and Vanaja (1986) found that MPD
reduced as a function of age in old age group Vanaja found
this reduction to be nore significant in females than mal es.

MPD varies with the intensity of phonation (Komyama and
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Buma, 1973) . There is a tendency for MPD to reduce as the
SPL increases both in nmales and fenales (Yanagihara, 1966;
Yanagi hara and Koi ke, 1967). Shanshi kala (1979) reported
that MPD was longer at optinmum frequency that at other
frequencies. Oal Kyoto (1965 and Sawashima (1966) have
found there was no significant difference between MPD
obtained in sitting and standing posture while Oal Kyoto
found MPD to be shorter in the Ilying position. Lass and
M chel (1969) have reported that the athletes generally do
better than non-athletes and trained singers do better than
unt rai ned singers. Sheela (1974) reported no significant

rel ati onship between MPD and training.

In majority of studies, three trials are given to the
subjects (Yangihara et. al. 1966; Yanagi hara & Koi ke, 1967,
Yanagi hara and Von Leden, 1967; Launer, 1971; Coonbs, 1976)
although a few studies have wused nore nunber of trials.
Saunders (1963) has used twelve trials, Stone (1970) has used
15 trials. Lew s, Casteel and McMbhan (1982) have reported
that it was not until the fourteenth trial that 50% of their
subj ects produced rmaxi mum phonation and not until the
twentieth trial, did all their subjects produce MPD. Si nce,
this is clinically significant, they believe, that three
trials are inadequate and the MPD obtained with the three
trial criterion does not represent a ‘'true' measure of
maxi mum dur ation. Yanagi hara and Koi ke (1967) have reported
that |onger, phonation tinme was generally related to |arger

phonation volunes (i.e. air volune available for maximally
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sust ai ned phonati on).

MPD as an isolated neasure is not reliable as an
i ndi cator of vocal behaviour (Arerman and Wllianms, 1979).

Hence, it should be interpreted along with other findings

Aut hors/ s N Aver age Range
Hayashi (1940) 20 22
lil25
Suzuki (1944) M: 21 24.8 15- 37
F: 19 17. 4 10- 24
Ni shi kawa (1962) Singer : 10 -- 19- 38
M : 10 -- 16- 29
F 10 -- 12-21
Yanagi hara et al . M| @11 30. 20 20.4-50 .7
(1996) F 11 22.50 16.4-32 .7
Hirano et al. M | 25 34.60 T
(1968) F | 25 25.70 - -
Shi genori  (1977) M | 25 30. 10 15. 8- 66 .6
F 25 17. 00 9.4-26 .2
Jayaram (1975) M | 30 T 16- 38
(17-:50yrs)
F | 40 -- 10- 27
(16-:80 yrs)
Vanaj a (1986) M | 70 17.37 (16-25 Yrs)

13.8 (26-35 Yrs)
14.63 (36-45 Yrs)
12.2 (46-55 Yrs)
13.65 (56-65 Yrs)
F 70 13.93 (16-25 Yrs)
11.87 (26-35 Yrs)
11.67 (36-45 Yrs)
9.43 (46-55 Yrs)
11.25 (56-65 Yrs)

Table - 1: Normal values of MPD in seconds in adults.

2. §7 Ratio:

Boone (1971) has suggested that the speech clinician
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m ght use a voicel ess-voiced sustained phonation ratio to
sort out how much of the phonation problemis related to poor
respiration control. Such a neasure gives sone clue as to
how well the patient can sustain his exhalation independent
of phonati on. Nor mal s and dysphonic subjects w thout vocal
fold pathology will be able to extend the voiceless S. S. and
voiced Z. Z about tghe sane length of tinme (i.e., the SZ
ratio is approximately 1). It has been reported that
patients with vocal fold pathology generally performnormally
on voiceless task but give evidence of real difficulty in
prol onging the exhalation when they add voice. Thei r
relative time ratio will often be around 2 to 1 in favour of

unvoi ced production. (Boone, 1971).

Tait, Mchel and carpenter (1980) have determned SZ
ratio in 5-, 7-, and 9- years old children and found no
significant difference in sustained SZ between males and
femal es at any one age |evel. There was increase in the
duration of [/Z/ conpared to that of /S/ which nmay reflect
conservation in air flow because of Ilaryngeal involving
(Nelson et. al. 1975). These findings have been supported by
results of Rashmi's study (1985) .

Vanaja (1986) in old age group found no significant
di fference between different age groups of both males and

females for S/Z ratio. Optinmm Voi ce:
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This has been variously referred to as good voice
(Wlson). Effective voice (Philips), voice of superior
speakers (Snidecor, 1951), voice of best speakers (Boone,

1971), optimumpitch (Perkins, West et. al.)

Wl son (1972) opines that a good voice should have the

follow ng characteristics:

Pl easuring voice quality
Proper bal ance of oral and nasal resonance

Appropriate | oudness

W NP

A nodal frequency |level *Habitual pitch level) suitable
for age, size and sex

5. Appropriate voice inflections involving pitch and
| oudness.

Philips opines that from the view point of the speaker
an effective voice 1is one that attracts no undesirable
attention either because of the manner in which it 1is
produced or because of the acoustic end product. An
effective voice should necessarily be appropriate to age, sex
and physical nmake up of the speaker. It should reflect the
reactions the speaker makes in the conmunicative situations
and also reflect the selective speaker's responses to his own
reactions. It should express the feelings and communicate

t he neani ngs the speaker intends the listener to voice.

Fromthe view point of the |istener. Philips says that
an effective voice is one that can be heard w thout conscious

effort or strain. It is a voice that is in consonance with
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the speaker's content and that helps to make the content
readily intelligible. The voice should be pleasant to hear
or atleast have no unpleasant quality that produces a

negative reaction fromlistener.

. Philips has defined the objective characteristics for
ef fective voice. They are:
1. Adequate and controlled | oudness:

An effective voice should be as loud as the speaking
occasi on demands. It should be heard with ease by all and

yet not disturb any because of its |oudness.
2. Variety of pitch

Pitch should vary wth intellectual and enotional

significance of what is being said.
3. Cood tone quality:

An effective voice should be clear, not breathy or

har sh. It should reflect and convey changes in nood.

4. Rate and Ti m ng:

The wel | controlled voice should reveal a sense of

timng. The rate should vary according to the need of
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listeners than the inclinations of our personality.
5. Responsi veness:

It should also reveal that the speaker is observing and

responding to the reactions of our personality.

Though he has nentioned the objective paraneters, stil
t he subjective aspects do dom nate.

Sni decor (1951) has conpared the voice sanples of six
carefully chosen superior fenale speakers and conpared wth
the voices of superior nale speakers reading the sane

mat eri al s (rainbow passage) and found the follow ng results:

1. Pitch levels for fermale voices were found to be placed
approxi mtely 2/3rds of an octave above the pitch |evels

of mal e's voi ces.

2. The nedian pitch levels for each group of subjects were
located within the lins of less than 1 1/2 tones which
suggests that the preferred pitch levels for superior

speakers may fall within relatively narrow l[imts.

3. Total pitch ranges were approxinmately equal in both

mal e and femal e groups.

4. Voices of fenmales were found to be less variable in pitch

than those of mml es.

5. Conpared to the voices of nmales, voices of females were
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found to have a less rapid nean rate of pitch change and

fewer changes in the direction of pitch per unit of tine.

6. Both males and females used slightly slower oral reading
rates conpared to the nedian of randomy sel ected

subj ect s.

West et. al. , (1947) have defined optimum pitch as the
frequency at which vocal fold activity is best facilitated by
resonance adjustnment or the frequency that vyields the
greatest vocal carrying power for the |east expenditure of
effort i.e., optinmum pitch is the frequency at which the

voi ce best neets the criteria for efficiency.

Fisher (1966) lists the following as characteristics of

opti mum pi tch:

1. It is the easiest to phonate
2. It has greater intensity with Iess effort.
3. It is so located within the total range of voice as to
permt effective variation in pitch for intonation.

Perkins (1971) opines that the idea of "optinum inplies
a standard in ternms of which a thing is judged as bei ng best.
Dani el Boone (1971) reports that the best speakers and
singers are often those who by natural gift or by training or
by a studied blend of both have mastered that art of

‘optimally' using the voice mechani sm

Perkins (1971) states that optimal vocal functioning can

be defined aesthetically, acoustically and hygienically.



Hygienic Criterion:

The notion that voice is produced nost hygienically when
it is produced nost effortlessly appears to have universal

agreenent .

Acoustic criterion:

Optimum pitch denotes the range of frequencies at which
the voice is nost efficient for speech. This accords wth
the concept of glottal efficiency which Van den Berg (1956)
has defined as the ratio of acoustic power to subglottic
power. These are the acoustic manifestations of the hygienic
criterion. Lesser the effort for acoustic output, greater

the vocal efficiency.
Aesthetic Criterion:

The hygienic voice i.e., the efficient voice, is also
apparently by virtue of not being excluded, an asthetically
accept abl e voi ce.

Per ki ns has specified optimum condition in t he

fol | ow ng:
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Loudness regul ation
Voi ci ng regul ation
Vocal node regul ation

Vocal constriction regulation and

A A

Breat hi ng regul ati on.

1. Loudness regul ation:
The voice that is easiest to hear, even under noi siest
conditions, is the one that can be produced effortlessly yet

| oudl y.
2. Voicing regul ation:

A condition in which effortless partial wvoicing 1is

possi bl e would be one in which constriction would be reduced.

3. Vocal node regul ation:

Pul sated voice is so I|imted in the anount of
constriction and vocal effort that it can tolerate and still
be produced, so that it clinically acts as a nodel for
opti mum production (Perkins, 1971, Vennard, 1967, 1968).
This is the nost efficient vocal adjustnent of any for

sust ai ned phonation on a single breath.

4. Vocal constriction regulation:

The mark of the optimally produced voice hygienically,
acoustically, and aesthetically is the ability to vary voca
effort proportional to the needs of pitch, |oudness, voicing

and vocal node while keeping the constriction m ninmal.
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The previous nethods used to neasure the optinmum pitch

are subjective. Sonme of them are:

- Optimum pitch is at the frequency |/4th above the
lower Iimt of the pitch range that a person can produce
including falsetto (Fairbanks, 1960; Berry and Ei senson,

1962; Esher, 1966)

- Optinmum pitch is the frequency |/3rd from the | ower
[imt of the pitch that a person can produce including

falsetto (Berry and Ei senson, 1962)

- Optimum pitch is the frequency |/5th from the | ower
[imt of the pitch range that a person can produce including

fal setto (Brownstein and Jacoby, 1967)

- Humming the scale and locating the |oudest note which

is the optimumpitch (Van R per)

- Considering the pitch at which the person |aughs and

coughs as the optinmm pitch.

Since the previous nethods were subjective, Nataraja
(1972) developed a nethod to neasure the optimm pitch
obj ectively. In this method, the subject is seated in a
confortable air and his nouth is keep open in /al/ position
wi t hout phonati on. The speaker and m crophone are adjusted
in front of the speaker (As near as possible). Tone ranging

from 750Hz to |,050Hz is given and the intensity |evel at
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each IOHz step is noted. The frequency at which maxi num

increase in intensity is observed is the natural frequency of

t he vocal tract. The relation between optinmum pitch and
natural frequency varies between nmales and fenuales. In
mal es.

Nat ural frequency
(Nataraja, 1973)

gptinun1pitch

In femal es -

Natural frequency
(Shant ha, 1973)

Qoti mum pitch
5

Samuel (1973) found that average speakers do not use
their optinum frequency. Sheela (1974) found that trained
singers tend to use their optinum frequency while speaking
unlike the untrained singers and both trained and untrained

singers did not use their optinmum frequency while singing.
VI TAL CAPACI TY & MEAN Al R FLOW RATE

The anmount of air available for individual for the
pur pose of voice phonation depends upon the vital capacity of

an i ndi vi dual .

Hirno (1982) states, while discussing the aerodynamc
tests, "the aerodynam c aspects of phonation is characterized
by four par aneters: subgl ot t al pressure, supraglotta
pressure, glottal inpedance and the volunme velocity of the

airflowat the glottis. The values of these paraneters
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varies during one vibratory cycle according to the opening
and closing of the glotti. These rapid variations in the
val ues of aerodynam c paraneters cannot wusually be neasured

in living humans because of technical difficulties".

As it is difficult to neasure the aerodynam c paraneters
nost often the researchers and clinicians concerned wth
voi ce production resort to the measurenment of vital capacity
and nean airflow rate. These two paraneters are considered
as inportant neasures, as they reflect (1) the total volune
of air available for phonation, thus indirectly depicting the
condition of the respiratory system (2) the glottal area
during the vibration of the vocal <cords, interns of flow
rate, which in turn would show the status and functioning of

| aryngeal system

The volune and force of the air stream determ ne the
frequency, intensity, and duration of phonation on one
expiration. Thus it beconmes inportant to study the total
volume of air, the nmean airflow rate and subglottal air
pressure to understand the relationship between these factors
and frequency, intensity of voice and duration for which

phonati on can be sustai ned.

The airflow is inportant in bringing about vocal fold
vi brations. The subglottal and transglottal air pressures
forces the gently approximated vocal folds apart, setting
themin to vibration, Optinmal phonation for speaking and

singing requires continuous abduction - abduction of the
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vocal folds, with subtle changes in fold Iength and mass, and
subglottal air pressure. The regulation of this airflow is
basically involuntary and highly automatic in ordinary
speech, but the public speaker or singer learns to rely
heavily on a partial control of his or her breathing
mechani sm (Boone, 1983). The pressure bel ow the vocal cords
which up when the folds are closed, called subglottal
pressure, provides an indication of cord closure as well as
additional information about fundanental frequency of the

Voi ce.

The act ual rel ationship between the subglottal air
pressure and pitch is confusing because of the diversity in
approaches. Although rises in pitch nay be acconpanied by
increases in subglottal pressure, increases in subglottal
pressure need not produce rises in pitch. Brodnitz (1959)
for exanple, has noted that in singing an upward scale, the
subglottic air pressure i ncreases because the greater
stiffness of the stretched vocal folds offers increased

resi st ance.

High lung volunme helps in sustaining the vowel for a
| onger duration. A constant pressure drop across the glottis
is required for a steady sound source, therefore; subglotta
air pressure imediately rises and remains at a relatively
constant |evel through out phonation. The respiratory system
mai ntains not only a constant subglottal air pressure but

also a constant flow of air through the glottis. As air
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escapes, the lungs nust decrease in size continuously so that
subglottal air pressure and glottal air flow can Dbe

mai nt ai ned. To continue steady phonation for a long time, it

is necessary to start at a high lung volunme and end with a

| ow | ung vol une (Bouhuys et. al. 1966; Mead et. al. 1968).

Therefore large lung volune, better airflow rate wll

help in getting voice for a |onger duration.

Subgl ottic pressure is some what difficult to neasure.
Since the measuring device nust be |ocated below the glottis
in the trachea in order to record the pressure built up when
the vocal folds close. It is not obtained routinely in

clinical assessnent of phonation.

Schnei der and Baken (1984) have reported the influence
of lung volune on the relative contributions of glottal
resi stance and expiratory force to the regulation of
subglottal pressure. That is, lung volune does influence the
consi stency and strength of relationship between airflow, and

intensity and path.

Therefore it is inportant to neasure the total volune of
air which can be expelled after full inspiration, and the
total volunme of air the patient uses in phonation. These
nmeasures are vital capacity (MO and nmean airflow rate (MR

respectively.
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The normal speaker uses only a small anmount of his tota
vital capacity for speaking. Gol dman and Mead (1973) have
stated that the normal speaker uses only about twice the air
volume for speech that he uses for a quiet, easy norm
(orbital) breathing. It has |long been assuned that superior
vocal ability, for exanple, as in professional singers, arose
froma higher than average or nornal vi tal capacity.
Nadol eczny and Luchsi nger (1934), concl uded, after an
experinment, that significantly larger vital capacity values
were found in well trained athletes and professional singers.
H cks and Root (1965) studied the lung volunmes of singers and
found no significant differences between singers and non-
singers; and they also found that the lung volunes did not
vary significantly with various positions like sitting, etc.
Coul d and Ckamura (1973), froma study of static |ung vol unes
in singers, concl uded that there my be a specific
correlation between the vital capacity and period of
training. Sheela (1974) found that there was no significant
differences in vital capacities between trained and untrai ned

si ngers.

Yanagi hara and Koi ke (1967) have related vital capacity
to phonation volunme; while Hrano, Koike, and Von Leden
(1968) have indicated a relationship between vital capacity
and maxi mum phonation durati on. In the former study, it was
reported that the phonation volune, and the ration of

phonation volunme to vital capacity both decreases as the
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subj ective pitch | evel decreases. Thus a correlation between
vital capacity and phonation volune capacity and phonation
volume was reported with correlation coefficients ranging
from0.59 to 0.90. Hrano et. al., (1963) correl ated
phonati on quoti ent (vital capacity to maxi mum phonation
duration) with the flow rates in normal subjects, indicating

that, higher flow rates were generally associated wth

shorter phonation durations or Jlonger vital capacities.
Bouhuys et. al., (968), reported singers designated as having
"poor quality", to be having snaller vital capacities than

singers categorized as having 'good" or 'average' quality.

The following table shows the vital capacity in adult

mal es as quoted by various investigators:

| nvestigators VC in CC
Murray and Lew s 3500
Gray and Wse 3700
W se, MBurney and Ml |l ory 3700
Tabor 3700
Zenmin 3500 - 5000
MIllard and King 4100
Greene and Curry 5000
Sheel a 2675

There are several vari ables which affect the vital

capacity, the vital capacity varies w th geographical area.
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Kri shnan and Vareed (1932) have reported low vital capacity
in south Indians. They attribute this lowvital capacity not
to race but to the warmclimte, |ess tendency for exercise,
| ow net abolism and poor chest expansion. The vital capacity
varies with age, weight height and body surface area, 1i.e.
the vital capacity can be calculated statistically based on
hei ght and wei ght dat a. Kri shnan and Vareed (1932) . \ert na
et. al., (1982), Jain and Ramai ah (1967a, 1967b, 1969) have
calculated lung capacity based on age, height, weight and

body surface area for nmen and wonen in different age ranges.

Zemin (1981) has reported that the vital capacity
varies with age, sex, height, weight, body surface area, body
build, the anount of exercise and other factors. Hut chi nson
has denonstrated the relation between |ung capacity and body
size and wei ght. He indicated that vital capacity and body
sizes are correlated with arithnetical progression, and that
the age and weight seem to be significant only in extrene
cases of variation, the circunference of the chest having no

i mredi ate influence on the vital capacity.

Thus the review of literature indicates that the vita
capacity and nean air flow rate, anong other aerodynamc
factors, play an inportant role in determning the pitch and
intensity and also the duration for which an individual can
sust ai n phonati on. However, it should be nentioned here,
that some workers have indicated the nean air flow rate is

determined by the glottal resistance. Their relationship
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between the frequency and nean air flow rate is not yet
resolved i.e., whether the nean air flow rate determ nes the
freqguency of vibration of the tension (glottal resistance)
determnes the nean air flowrate is not yet clear or it may
be, as sone state, that the frequency of vocal cord vibration
is determined by the interplay of these two factors.
However, it <can be stated that the study of these two
paraneters would help in understanding the process of voice

producti on.

Yanagi hara (1969) presents, on the basis of an analysis
of data obtained from nore than 100 patients, the follow ng
di agnostic inplications: (a) flow rate nore than 300cc/sec
Wi th phonation tine ratio less than 50% suggests that a |ow
glottal resistance in the domnant contributing factor for
t he vocal dysfunction whi ch may be di agnosed as
hypof uncti onal voice disorder; (b) flowate upto about
250cc/sec with phonation tine ratio of nore than 70% and with
hi gh phonation volune-vital capacity ratio suggests that high
glottal resistance is the domnate contributing factor for
t he vocal dysfunction whi ch can be | abel | ed as
hyper functional voice disorder. He further stresses that
aerodynam ¢ exam nations on phonation can be a valuable
adjunct to other physiologic studies for an understandi ng of

| aryngeal di sorders.

lwata, Von Leden and WIlians (1972) have exam ned 191

patients with various |aryngeal diseases wth the aid of a
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pneunot achograph system to neasure the airflow during
phonation. The results have confirmed that the nean flow
rate indicates the overall |aryngeal dysfunction. The higher
nmean flow rates corresponded to hypertensive conditions in
the larynx, for exanple, in unilateral |aryngeal paralysis,
hi gher nmean airflow rates re observed, while [ower nean flow

rates are suggested in hypertensive conditions, such as

contact ul cer granul oma. Irregularities of the airflow
during phonation are reflected as disturbances in the
acoustic signals. These functions may be closely related to

t he pat hol ogic changes in the vocal cords, even in patients
with apparently normal nean flow rates. This suggests that
the nean flow rate during phonation and especially the degree
of airflow fluctuation provides useful quantitative measures

of laryngeal dysfunction.

Aer odynam ¢ studies wer e per f or ned by Zi pur sky,
Fi shbein, and Tonpson (1982) on 47 patients with psychogenic
voi ce di sorders. Pul nonary function data indicated that 40%
di spl ayed features characteristic of respiratory
abnormalities in the absence of any respiratory synptons.
Phonatory airflow data for a sustained /a/ was obtained al ong
three vari abl es: phonation time ratio, phonation vol une-vital
capacity ratio, and nean flow rate. Pre-and Post-therapy
data for these variables were obtained on 15 subjects, of
this group 14 showed definite trends toward i nprovenent

follow ng treatnent.
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| sshiki (1964) has investigated the relationship between
the voice intensity (SPL), the subglottic pressure, the air
flowrate and the glottal resi stance. Si nul t aneous
recordings were made of the SPL of voice, the subglottic
pressure, the flow rate, and the volune of air utilized
during phonati on. The glottal resistance, the subglottic
power, and the efficiency of voice were calculated from the
dat a. It was found that on very |ow frequency phonation the
flow rate remained al nost unchanged or even slightly
decreased, wth the increase in voice intensity, while the
glottal resistance showed a tendency to augnent with
i ncreased voice intensity. In contrast to this, the flow
rate on high frequency phonation was found to increase
greatly, while the glottal resi stance renmained al nost
unchanged as the voice intensity increased. On the basis of
the data it was concluded that at very low pitches, the
glottal resistance is domnant in <controlling intensity
(laryngeal control), becomng less so as the pitch is raised,
until at extremity high pitch the intensity is controlled

alnost entirely by the flow rate (expiratory nuscle control).

Mcd one (1967) has conducted a study to find out air
flow during vocal fry phonation. Five male and five female
speakers, who were free of any voice disorder, were required
to sustain vocal fry phonation at three pitch |levels: one an
arbitrary standard |evel, another |ower than the standard,

and a third higher. Recordings were made and anal yzed of
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airflow and acoustic signal of these phonations. This study
showed that (a) the fundanentals of vocal fry were |ower than
t hose produced in the nodal registers, (b) air flow rates
were less than found for either nodal phonation or falsetto;
and (c) there was no correlation between changes in fry

frequency and changes in air flow

Thus studies have indicated the relationship between
vocal function and air flow neasurenents and further they
have also indicated that the vocal function can be assessed

by air flow neasurenents.

Verma et al. , (1982) have developed a regression
equation for indirect examnation of ventilatory nornms in
terms of physical characteristics. Jain and Ramai ah (1967a,
1967b, 1969) have estimated lung function tests from age,
wei ght, height and body surface area for nen and wonmen in the
age range of 15 to 40 years. Siml|ar regression equations
were also established for nmen and wonen in the age range of
40-65 years (Jain and Gupta, 1967a, and 1967b). For boys of
the age ranging from 7 to 14 years, the ventilatory 'norns'
were also estimated using age, height and body weight as
predictors (Jain and Ramai ah, 1968a, Jain and Ramai ah 1968b).
Verma et al. , (1982) have devel oped a regression equation for
indirect assessnment of sonme ventilatory 'norns' (Miz: Vital
capacity, forced vital capacity, forced expiratory volune for
one second, expiratory reserve volune, inspiratory capacity

and maxi mum voluntary ventilation) for a w de range of 21-69
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years in healthy Indian males. These studies have been
conpared with western norns. It has been reported that nean
vital capacity values in Indian were significantly |ower than
the western subjects (Bhatia, 1929: Bhattacharya, 1963: De
and De, 1939; Krishnan and Vareed, 1932; M/l edge. 1965;
Mukherjee, 1965; Reddy and Sastry, 1944; Telang and Bhagwat,
1941) .

The vital capacity of normal and dysphonic male group
presented 2850cc to 3450cc, and 2700cc and 3600cc
respectively and it ranged from 1650cc to 3000cc in nornal
females, and from 1500cc to 3000cc in females of the

dysphoni ¢ group.

The nean air flow rate during phonation ranged from 62.4
cc/sec. to 275cc/sec. In normal males and from 95cc/sec to
660cc/sec, in dysphonic nales. The females in the nornmal
group presented a range of 71.42 cc/sec to 214.23 cc/sec and
in dysphonic fermales, it ranged from 100 cc/sec to 257.14

cc/ sec.

Anot her indicator of the vocal function is the ratio of
vital capacity to nmaxinum phonation duration (Sawashina,

1966) . Hirano et al., (1968) naned this ratio as "Phonation
Quotient” (PQ

The total air volunme wused during maxinmm sustained
phonation (phonation volume, PV, by Yanagihara et al., 1966)

is usually less than vital capacity (Qtzman and Lorwy, 1920;
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Yangi hara et al. , 1977). The ratio of PV to VC was found to
be 50.4 to 73.0 percent by Yanagi hara et al. , (1966), 68.7 to
94.5 percent by Isshiki et al., (1967), and 68 to 114 percent
by Yoshioka et al. , (1977) . It indicates that the PQ is

usually larger than nmean air flow rate during naxinum

sust ai ned phonati on.

Hrno et al., (1968) have denonstrated a high positive
rel ationship between MR neasured during maxi mum sustained
phonation and PQ in normal subjects. Iwata and Von Leden
(1970) have recommended the use of PQ as an indicator of air

usage when MFR cannot be directly determ ned.

The normal average values of PQ in adults range from 120
to 190 cc/sec (Swashing, 1966; Hrano et al. , 1968;

Shigenori, 1977; Yoshioka et al., 1977). Hrno et al.

(1968) , Iwata and Von Leden (1972) , Shigenori (1977) and
Yoshi oka et al. , (1977) have reported a markedly el evated PQ

in nost of the |aryngeal pathol ogical patients.

Koi ke and Hrano (1968) have derived one nore neasure
which they referred to as the "vocal velocity index" (W)
This termapplies to the ratio of nmean air flow rate to vital
capacity. Iwata and Von Leden (1970) have selected one
hundred thirty - eight patients wth different |aryngeal
di seases and voice disorders. They were subjected to
aerodynam c neasurenments of sustained vowel phonation. The
vocal velocity index was conputed for each individual patent

and for the different organic and functional disease. The
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results on Wi were conpared wth physiological and
psychoacoustic reports. The results suggest ed t he
application of the WI as a wuseful objective neasure of
| aryngeal efficiency, and differenti al di agnosi s of

dysphoni a.

The review of literature indicates that the aerodynamc
measurenments, nanely, vital capacity and nmean air flow rate
provide useful information in the assessnent of respiratory
and phonatory systens and thus they have gained clinical

i mport ance.
Fundanent al Frequency

Voi ce, the underlying basics of speech has three nmjor

attri butes nanely pitch, |oudness and quality.

Pitch is the psychophysical correlate of frequency.
Al t hough pitch is often defined in terns of pure tones. It
is clear that noises and other a periodic sounds, have nore
or less definite pitches. The pitch of conplex tones depends
the frequency of its dom nant conponent, that is fundanmental
frequencies in a conplex tone. Plonp (1967) states that even
in a conplex tone, where the fundanmental frequency is absent
or weak, the ear is capable of perceiving the fundanental
frequency based on the periodicity of the pitch. Eri ckson
(1959) is of the opinion that the vocal cords are the

ultimate determners of pitch and that the sane general
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structure of the cords seemto determ ne frequencies that one

can produce.

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

t he fundanental frequency of voice.

R both quality of |oudness of voice are nmainly
dependent on the frequency of vibration. Hence it seens
apparent that frequency is an inportant paranmeter of voice"

(Anderson, 1961) .

There are various objective nethods to evaluate the
fundanmental frequency of the vocal «cords. St r oboscopi c
procedures, high speed cinenatography, electroel astography,
ul trasoni c recordings, stroboscopic | am nography (STROL),
cepstrumpitch detection, degipitch, the 3 M plastiform
Magneti c Tape Viewer, Spectrography, pitch conputer and high

resol ution signal analyzer.

Studies on Indian popul ation have show that, in males,
the lowering the fundanental frequency is gradual till the
age of 10 years, after with there is marked lowering in the
fundanmental frequency, which is attributable to the changes
in vocal apparatus at puberty. In case of fenales a gradua
lowering of FO is seen (Georgy, 1973; Usha, 1979; Gopal,
1980; Kushal Raj, 1983; Rashm, 1985).
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The study  of f undanent al frequency has inportant
clinical inplications. Cooper (1974) has used spectrographic
analysis, as a clinical tool to describe and conmpare the FO
and horseness in dysphonic patients before and after vocal
rehabilitation. Jayaram in 1975 found a significant
di fference in habitual frequency nmeasures between normals and

dyphoni cs.

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

Most of the therapies of voice disorders are based on
the assunption that each individual has an optinmum pitch at
which the voice wll be of a good quality and wll have
maxi mum intensity with |east expense of energy (Nataraj and
Jayaram 1982) . Most of the therapies aim to alter the
habitual pitch level of the patients or nake the patient to
use his optimum pitch (Cowon, 1936: West et al, 1957:
Andersn, 1961: Van Riper and Irwin, 1966).

It is apparent that the neasurenment of the fundanental
frequency of voice has inportant applications in both the
di agnosis and treatnent of voice disorders and also reflects

and neuronuscul ar devel opnent in children (Kent, 1976) .
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Fundanental frequency in speech

In daily life, man comunicates through speech. An
evaluation of the FO in phonation, may not represent the true
fundanmental frequency used by an individual in speech. Hence
, 1t beconme inportant to evaluate the speaking fundanental
frequency. The fundanmental frequency in speech is estinmated
subj ectively by matching or it is determned objectively with
a pitch nmeter or degipitch. For nore precise neasurenents.

FO hi stograns are obtained with the aid of a conputer

Many investigators have studied the speaking fundanental
frequency as a function age and in various pathol ogical
conditions. The age dependent variations  of speaki ng
fundanmental frequency reported by Bohne and Hecker (1970)
indicate that the nean fundanental frequency in speech

becones higher in men but is slightly lowered in wonen.

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

if wonen probably varies little throughout adult-life.

The mean speaking fundanental frequency of nales, age
ranging from 20 to 89 years, indicated that there was a
progressive lowering of the speaking fundanental frequency
fromage 20 to 40 with arise i level formage 60 through the

eighties (Hollien and Shipp, 1972).
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A study of the speaking pitch level in 2 groups of
femal es, between 65 years and 75 years and between 80 and 94
years, indicated no significant difference in the pitch |eve
bet ween the two groups. Therefore, speaking pitch level of

wonen, probably varies little throughout adult life.

In a parallel study, Miurry and Doherty (1980) reported
that along with other voice production neasures such as
directional and magnitudinal perturbation, the fundanental
frequency in speech inproved the discrimnate function

bet ween nornmal voices and malignancy of the |arynx.

Sawashima (1968) reported a rise in nean fundanental
frequency in speech in, cases of sulcus vocalis and a fall in
mean fundanental frequency in speech values results from
di sturbances of nutation in nmales. At present nean FO i

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

Nat araja and Jagdeesh (1984) measur ed Fundanent al
frequency in phonation, reading, speaking and singing and
al so the optimum frequency in thirty normal males and thirty
normal femal es. They observed that thee Fundanent al
frequency increased from phonation to singing with speaking
and reading in between. Hence fundanental frequency has to
be neasured under different conditions in evaluation of voice
di sorders, i.e., it my not be enough if one considers one
conditions to determne the nean fundanental frequency used

by the case for evaluation of voice.
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Thus the review of literature shows that the measurenent
of FO both i phonation and speaking is inportant in assessing
t he neuronuscul ar devel opnent and diagnosis and treatnent
voi ce disorders. Few studies have been carried out to note
the changes in fundanmental frequency in |Indian population
with respect to age. (Samuel, 1973; Usha, 1978; Gopal, 1980.
Kushal Raj, 1983 and Rashm , 1985;)

Frequency range in Phonation and Speech

Humans are capable of producing a wde variety of

acoustic signals. The patterned variations of pitch over
l[inguistic units of differing Ilength (syllables, wor ds
phrases) yield the critical prosodic feature, nanel y

intonation (Freeman, 1982).

Variation in fundanental frequency and the extent of
range used also relate to the intent of the speaker
(Fai rbanks and Pronovast, 1939). More specifically the
spread of frequency range used corresponds to the nood of hte
speaker exhibits grater range use than serious thoughtful

speech.

As far as wvariability of fundanental frequency is
concerned, the npbst extensive study is that or Eguchi and
Hirsh (1969), who collected data for 84 subjects representing
adult hood and the age-levels of 3-13 years at one year

intervals for hte values /i/, [Ix/, lul, lel, [al as produced
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in the sentence contexts. The variability of fundanental
frequency progressively decreased with age until a mninmm
was reached at about 10-12 years. This is taken as an index
of accuracy of hte |aryngeal adjustnents during vowel
production, then t he accur acy of control I mproves

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

Hudson and Hol break (1981) studied the fundanental vocal
frequency range in reading , in a group of young black adults
rangi ng from 18-29 years. Their results indicated a mnean
range from 81.95 to 158.50 Hz in males and from 139.05 Hz to
266.10 Hz in fermales. Conpared to a simlar white popul ation
studied by Fitch and Hol brrok (1970), the black popul ation
had a greater nean frequency range. Fitch's (1970) white
subjects showed a greater range below the nmean node than
above. This behaviour was reversed for the black subject.
Hudson (1981) pointed out that such patterns of vocal
behavi our may be inportant clue which alert the listener to

the speak racial identity.

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

in females is considered normal frequency range.
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Sheela (1974) has found that the pitch range was
significantly greater in trained singers than in untrained
singers. Jayaram (1975) reported that in normal males, the
frequency ranged from 90 Hz-510 Hz and it ranged from 30 Hz
or 35 0Hz i n Dysphoni c mal es.

Shipp and Huntington (1965) indicated that laryngitic
voi ces had significantly smal | er ranges t han did
postlaryngitic voices. The results of a study by Mirry
(1978) showed a reduced semtone range  of speaki ng
fundanmental frequency, in patients with vocal card palsy as
conpared to nornmal s. Murry and Deherty (1980) reported that
the variability in f undanent al frequency along wth
directional and magnitudi nal perturbation factor enhanced the
ability to discrimnate between talkers wthout known
| aryngeal vocal pathology and talkers wth cancer or the

[ arynx.

Natraja found that the frequency range did not change
much with age in the age range 16-45 years. He also showed a
greater frequency range than males in both phonation and
speech. Gopal (1986) froma study of normal males from 16-55

years, reported slightly |lower frequency range in speech.

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

age, before it can be applied to the clinical population.
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Hanson, GCerratt and Ward (1983) suggested that majority
of phonatory dysfunctions are associated w th abnormal and
irregular vibrations of the vocal folds. These irregul ar
vibration lead to generation of random acoustic energy, i.e.,
noi se, fundanmental frequency and intensity variations. Thi s
random energy and a periodicity of FO is perceived by human
ears as hoarseness. Hence the spectral, intensity and
frequency paraneters are nore appropriate is quanti fyi ng
phonat ory dysfunctions. The frequency related paranmeters are
the nost rugged and sensitive in detecting anatom cal and

physi ol ogi cal changes in the |arynx.

Among the FO rel ated neasurenents the nmeasurenments of FO
variation and other paraneters are very wuseful in early
identification, assessment of Deviation and differential

di agnosi s in dysphonics.

Cycle to Cycle wvariation in FO is «called pitch

perturbation or jitter. Presence of snall amount  of
perturbation in normal voice has been known. (Moore, Vlion
Leden, 1958, Von l|edden et al 1960) . A periodic |aryngea

vi bratory pattern have been related to the abnormal voice

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

Bear (1980) explains vocal jitter as inherent to the
met hod of nuscle excitation based on the neuronuscul ar nodel
of the fundanental frequency and nuscle physiol ogy. He has

tested the nodel using EMG from CT nuscle and voice signals
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and cl ai s neuronuscul ar activities as the major contribution

for the occurrence of perturbation.

Wke (1969), Sor enson, Horrit Leonard (1980) have
reported the possible role of laryngeal nucosal refl ex
mechanismin FO perturbation. Hei berger (1982) have also
said that the nuscle receptors is the larynx are inportant in
mai ntai ning the laryngeal tension particularly in substaining
hi gh frequency tone. They stated that the "Physiol ogical
interpretation of jitter in sustained phonation should
probably include both physical and structural variations of

Myo- neur ol ogi cal variations during phonation.

A nunber of high speed |aryngoscopic picture reveal that
| aryngeal structures (vocal f ol ds) were  not symetric
different anount of nucous accunul ates on the surface of the
vocal folds during vibration. In addition, turbulent air-
flow at t he glottis al so causes some  perturbations
[imtations of | aryngeal - servo mechani sns t hr ough t he
articular-nyotitic nucosal reflex systens (Ckanura, 1974;
Wke. 1967) may also introduce snall perturbations is
| aryngeal nuscle tone. Even wi thout consideration of reflex
mechani sns, the | ar yngeal nmuscl e tone have i nher ent
perturbation due to the tinme staggered activities, which

exist in any voluntary nuscle contractions.

Review of literature shows various nethod of acoustic

anal ysi s which have been used for assessnment of voice; one of
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themis "Miltidinensional Voice Profile" (Kay El emetrics),
whi ch neasures the follow ng paraneters using phonation and

speech sanples of the subject.

1. Absolute Jitter/sec/or Jita:

1 N 1

\;‘r -j_ l' E_i = - e — [ =——

N-1 i =1

Where, To(i), i-1, 2.. N extracted pitch period data.
N = PER, No. of extracted pitch peri ods.

2. Jitter Percent or jitt:

1 N - 1
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Were, To(i), i-1, 2.. N extracted pitch period data.
N = PER, No. of extracted pitch peri ods.

3. Pitch period Perturbation Quotient (%:
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4. Snoothed pitch period perturbation Quotient (%:
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VWhere, To(i), i 1, 2, . . Nextracted pitch period data
N PER, No. of extracted pitch periods

Sf = Snoot hing factor.

5. Co-efficient of Fo Variation (%:
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Where, Fo = - 0 Fo ', and
N 1 =1

Fo(i) = ey T Period to period Fo Val ues

To(i), i-1, 2.. N extracted pitch period data.
N = PER, No. of extracted pitch peri ods.

6. Relative Average Perturbation (%:

1 N =3 To ( i-1) +To ': 1) 4 {(1+1 )
. K”: .I_ 1 g L)
RAP = ~=rwm-- i - =
1 N _,
g:.-', ]_|| 1)
N __ = L
Where, To(i), i-1, 2 = N, extracted pitch period data.

N = PER, No. of extracted pitch peri ods.

Li eberman, (1963) found that pitch perurbations in
normal voi ce never exceeds 5nsecs in the steady state portion
of sustained vowels. Simlar variations in fundanental
periodicity of the acoustic wave form have been neasured by

Fai r banks (1940) .
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Iwata and Vonl eden (1970) reported that the 95%
confidence limts of pitch perturbations in normal subjects

ranged from -0.19 to +0.2 nsec.

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

intensities.

Hi ggins and Saxman (1989) reported higher values of
frequency perturbation in males than fenales. Gender
di fferecnce may exist not only in magnitude, but also in the

variability of frequency perturbation.

Sorensom and Horii, (1983) reported that normal fenale
speakers have nore jitter than normal nale speakers. Thi s
result contraticts the findings of Hggins and Saxman,

(1989) .

Robert and Baken, (1984) reported higher jitter values
in males and females. They attributed this difference to Fo.
When the Fo increases the percentage of jitter values

decr eases.

Zemin, (1962) has reported greater jitter values for
/[al than /i/ and /u/ showed |owest val ue. This result is
supported by the studies of WIcox (1978 and Linville and
Korabic (1987).
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Johnson nd M chel, (1969) reported greater jitter val ue

for high vowels than |low vowels in 12 English vowels.

WIlcox and Horii, (1980) reported that /ul was
associated with significantly smaller jitter (0.55% than /a/
and /i/ (0.68% and 0.69% respectively).

Sorensen and Horii, (1983) studied the vocal jitter
during sustained phonation of /a/, /i/ and /u/ vowels. The
result showed that jitter values were low for /a/ wth 0.71%

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

Linville and Kor abi c, (1987) have f ound t hat
i ntraspeaker variability tend to be greatest on the |ow vowel

lal, wth less variability on high vowels /i/ and /u/.

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

al so the type of phonatory initiation and term nation.

Ram g, (1980) postulated that jitter values should
i ncrease when subjects are asked to phonate at a specific

intensity, and/or as |long as possible.

Cycle to cycle wvariation of anplitude is <called
intensity perturbation or shinmer. These perturbations in
anplitude can be neasured using several paraneters. There

are different algorithm for measur enent of anpl i tude

perturbations. Sonme of them are given bel ow.



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

1 N-1 NG R s 3
Sh dB = --- & 20 log (A ‘1+i) /p(L)
N-1 i=]
Where, A(i), i=l, 2, . N - extracted peak to peak

anpl i tude data.

N - No. of extracted inmpul ses.

2. Shimer Percent (% or Shim

1 N-1
_ &£ a4 (i+]
N-1 i=1
Shim = - = S s e e e et e 1 N
1 s a (1)
N i=1
Where, A(i), i=l, 2, . N - extracted peak to peak

anpl i tude dat a.

N = No. of extracted inpul ses.

3. Amplitude Perturbation Quotient /% - APQ

. N-4 L
- ’ / - = j,.\‘[.i_n"] A[lié)
N-4 I=1 5 r=0
An\l'l(,.‘_'\ = 5 e = i = oA s e S e i e
1 N
- EL J\[ }
N i=1
Where, A(i), i=l, 2, . N - extracted peak to peak

anpl i tude dat a.

N - No. of extracted inmpul ses.

2.48



2.49

4. Snoot hed Anplitude Perturbation Quotient (SAPQ (%:

eee B Ty & alisr _plism)
N-SE+1 ]

Where, A(i), i=l, 2, . N - extracted peak to peak
anplitude data.

N - No. of extracted inpul ses.

Sf - Snoot hing factor.

5. Co-efficient of Anplitude Variation (% VvAM

1

N, - ;s
= = ali) ald)

J
1= 1=1

VAM =

] N )
N i=1

Where, A(i), i=l, 2, . . N - extracted peak to peak
anplitude data.
N - No. of extracted inpul ses.

Shimmer in any given voice is dependent atleast upon the
nmodal frequency level, the total frequency range and the SPL
relative to each individual voice, Mchel and Wendahl (1971)
and Ram g (1980) postul ated that shinmmer values should
i ncrease when subjects are asked to phonate at a specific

intensity and/or as long as possible.

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

di fferentiati on between the two groups.

Vowel produced and sex are the two factors affecting

shi mer values as reported in the literature. Sor ensen and
Horri, (1983) reorted that normal fenale speakers have |ess
shimer than norrmal male speakers. WIcox and Horii, (1980)

reported that shimer values are different for different
vowel s. Sorensen and Horii (1983) studied the vocal shimer
during sustained phonation of /a/, /i/ and /u/ vowels. The
results showed that shimer values was lowest for /u/ wth
0.19 dB, highest for /a/ with 0.33 dB and internediate for
/il with 0.23 dB this result is supported by Horii (1980).

Several investigators have studied the neasures of
anplitude perturbation in normal and athol ogi cal groups. The
proposed neasurenment and their obtained data on anplitude
perturbation have been summarised in Table-2. Vanaj a
(1986), Tharmar (1991) and Suresh (1991) have reported that
as the age increased there was increase in fluctuations in
frequency and intensity of phonation and this difference was

nore marked in females. Nataraja (1986) has found that speed
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of fluctuation in Fundanental frequency and extent of
fluctuation in intensity paraneters were sufficient to

differentiate the dysphonics from the nornmal s.

Li eberman, (1961, 1967) has shown that pathol ogical
voi ces generally have large perturbation factors than normnal
voices with conparable fundanmental frequency and that this
factor is sensitive to size and location of growmhs in
[ arynx. Pitch petrurbation factor was defined as the
rel ative frequency of occurance of perturbation larger than
0.5 nsec. Kitajima and Gould (1976) have found that vocal
shimmer is a wuseful paraneter for the differentiation of

normal s and vocal cord polyp groups.

Hi ggins and Saxman (1989) investigated w thin subject
variation & 3 vocal frequency perturbation indices over
multiple sessions for 15 female and 5 male young adults
(pitch perturbation quotient and directional petrurbation
factor). Co-efficient of variation for pitch perturbation
quotient and directional perturbation factor were considered
indicative of tenporal stability of these neasures. VWi | e
jitter factor and pitch perturbation quotient provi ded
redundant information about |aryngeal bahaviour. Also jitter
factor and pitch perturbation quotient varied considerably
within the individual across sessions, while directional

perturbation factor was a nore tenporarally stable nmeasure.
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Venkatesh et al. , (1992) reported Jitter Ratio (JR
Rel ative Average Perturbation 3 point (RAP 3), Deviation from
Linear Trend (DLT), Shimer in dB (SHM and Anplitude
Perturbation Quotient (APQ to be nost effective paraneters
in differentiating between normal nmales, normal fenales and
dysphoni ¢ groups. They added that in the clinical
application, Shimer in dB is nost effective and can act I|ike
a quick screening device and in pitch perturbation neasures
like Jitter Ratio (JR), relative average perturbation (3
point) and DLT are nost useful in differentiating |aryngeal

di sorders.

Sridhara (198G studied |aryngeal wave fornms of young
normal males and fermales. The results are given below in the

Tabl es a and b.

Tabl e a

Mean Val ues of Jitter (in m sec)

[ al lil /ul
Mal es 0. 065 0.11 0. 067
Femal es 0. 058 0.03 0. 048
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Table b

Mean Values in Shimer (in dB)

| al il [ ul
Mal es 0. 033 0. 066 0. 15

Femal es 0. 07 0. 37 0.44

Chandr ashekar (1987) found significant differenc in
jitter values in /a/ for males and /i/ and /u/ for females
when conpared with dysphonics. Also, the Shimer val ues were

greater for vocal nodule cases than normals with respect to

both mal e and femal e groups-. But the values were significant
only for males. On the whole, he found significant
difference in jitter and shinmrer values between normals and
dysphoni cs.

Measur enent of Noi se:

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

vVoi ce.

Yanagi hara (1967) states that in cases with a slight
degree of perceived hoarseness, the noise conponent appears

in the formant region and in severe hoarseness, additional
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noi se over 3KHz can be noti ced.

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

foll owi ng characteristics:

1. Noise conponents in the main formants of varius vowels.
2. High frequency noi se conponent.

3. Loss of high frequency harnonic conponent.

As the degree of judged hoarseness increases nore noise
appears and replaces the harnonic structure. He al so
devel oped a technique for visually evaluating hoarseness

based on the spectrogram

Emanuel et al. , (1979) estimated noise levels in the
spectra of sustained vowels and found a relationship between
the spectral noise level (SN\NL) and the perveived magnitude of
t he roughness of the voice. They did not consider the |evel

of harnonic conponent of the spectrum

Yunoto, Gould and Baer (1982) developed harnonic to
noi se ratio (HN as an objective and quantitative eval uation
of the degree of hoarseness. The result showed a highly

significant agreenment between H N cal cul ation and subjective

eval uation of the spectrograns. HN ratio proved useful in
gquantitative assessnent of results of t r eat nent of
hoarseness. Yunoto et al. , (1982) and Yumpoto  (1983)
determned HN ratio directly from the voice signals. They

reported significant agreenent between the HN ratio and
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subj ective spectrographi c eval uation, thereby concludi ng that
the HN ratio would be useful in the assessnent of «clinical

treatnent for hoarseness.

They have also discussed the inportance of both the
cycle-to-cycle periodicity and the wave-formw thin one pitch
period for the evaluation of hoar seness. oj ecti ve
eval uati on of normals and hoarse voices was perforned
considering that the hoarse voices show a promnent Fo
intensity conpared with harnonics in the voice spectrum The
relative harnmonic intensity (H) obtained from a stable
position of the sustained vowel /a/, is defined as the
intensity of the second and higher harnonics expressed as a
percentage of the total vocal intensity 95% of the nornal
voi ces exam ned have relative harnmonic intensity larger than
the critical value of 67.2% where as 90% of the hoarse voices
have relative harnonic intensity smaller than the critical
value. The harnonic intensity analysis thus provides good

di scri mi nati on between nornmal and hoarse voi ces.

Kasuya, Ogawa, Mashima and Ebihara (1986) devised an
adaptive conb filtering method operating in the frequency
domain to estimate noise conponents from a sustained vowel
phonati on and proposed an acoustic neasure of the anount of
noise in the pathologic voice signal for the purpose of

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

Experinents wth voice sanples show that the nornalized

noi se energy is especially effective for detecting glottic
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cancer, recurrent nerve paralysis and vocal nodul es. But
22.6% of patients wth glottic-TI cancer are incorrectly
classified as normal. However, normalized noise energy has
been shown effective in discrimnating glottic T,-T4 cancer

The detectability of other |aryngeal diseases can be inproved
by incorporating other neasures such as jitter and shimer

(Kasuya et al., 1984).

"The clinical vVoi ce eval uati on in assessnent of
prof essional voice (Singere, actor, broadcaster etc) is a
variation of t he gener al voi ce eval uation pr ot oco
recomrended by many investigators"”™ (Stenple, 1984; Dronson

1990; and dton & Carper 1990).

Hirano (1989) has considered the vocal function as a
mul tidi mensional function and has stated that; "There is no
singl e neasure aspects of the vocal function. Any vocal
function test, however useful it is can evaluate only part of
the vocal function. Anot her inportant notion for voice
eval uation or vocal function test is the fact that the
purpose of nobst test recently in use are basically not to
make a diagnosis of ecological disease of the voice disorder
but to evaluate one or several aspects of the vocal function.
There are unfortunately no internationally standardized

met hods for voice eval uation".

Further, there are no extensive studies on analysis of

voi ce paraneters in normals, supra normals and abnormals in
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| ndi an popul ati on except for an attenpt by Jayaram (1975) and
Nat araj a (1986) which provided ©prelimnary i nformati on

regarding the voice disorders.

However, review of literature, has indicted that the
acoustic analysis provides an opportunity to describe normal,
supranormal and abnormal voice which is essential for many
purposes. Therefore it was considered necessary to neasure
and conpare the possible acoustic and aerodynam c paraneters
of the voice of normals and professional voice users (Stage
actors) . This study is proposed to neasure and conpare the

foll om ng paraneters.
Vital capacity

Maxi mum Phonati on Durati on

1

2

3. Mean Air flow Rate
4. Optinmum frequency
5

SZ ratio
Acoustic Paraneters

Aver age Fundanental Frequency (FO
H ghest Fundanental Frequency (HFO

Lowest Fundanental Frequency (LFO

© ® N O

Standard Devi ati on of Fundanental Frequency (STD
10. Phonatory Fundanental Frequency Range (PFR

11. Fundanental Frequency Trenor (FFTR

12. Anplitude Trenor Frequency (FATR

13. Absolute Jitter (JITA



14.
15.
16.
17.
18.

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Jitter Percent (JITT)

Rel ati ve Average Perturbation (RAP)

Pitch Period Perturbation Quotient (PPQ

Snoot hed Pitch Period Perturbation Quotient (SPPQ
Coefficient of Fundanmental Frequency Variation (VFO

Shimrer in dB (SHIB)

Shi mrer in Percent (Shin

Ampl i tude Perturbation Quotient (SAPQ
Snoot hed Anplitude Perturbation Quotient (SAPQ
Coefficient of Anplitude Variation (VAV
Noi se to Harnonic Ratio (NR

Voi ce Turbul ence Index (VTI)

Soft Phonation Index (SMP)

Nunber of Voice breaks (NvB)

Nunber of Sub-Harnonic Segnents (NSH)
Nunber of Unvoi ced segnents (NW)
Frequency Trenor Intensity Index (FTR)
Amplitude Trenor Intensity |Index (ATR)
Degree of Voice Breaks (DvB)

Degree of Sub-Harnonic Segnents (DSH)
Degree of Voicel ess (DW)

Average Pitch Period (TO
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3.1
MVETHODOLOGY

The purpose of the study was to examine the simlarities
and differences in ternms of various parameters of voice in
normals and in stage actors. It was decided to consider the
foll owi ng paraneters, as considered useful in assessing voice

by various investigators to conpare the voices of nornmals and

stage actors.
Aer odynam ¢ Paraneters

Vital Capacity (MO
Maxi mum Phonati on Duration (MPD)
Mean Air Flow Rate (MAFR

P w npoE

SZratio

Acoustic Paraneters

Opt i mum Frequency (CF)

Aver age Fundanental Frequency (FO
H ghest Fundanental Frequency (HO

Lowest Fundanental Frequency (LFO

© ® N o o

St andard Devi ati on of Fundanental Frequency (STD
10. Phonatory Fundanental Frequency Range (PFR

11. Fundanental Frequency Trenor (FFTR

12. Anplitude Trenor Frequency (FATR

13. Absolute Jitter (JITA

14. Jitter Percent (JITT)

15. Rel ative Average Perturbation (RAP)

16. Pitch Period Perturbation Quotient (PPQ
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17. Smoothed Pitch Period Perturbation Quotient (SPPQ
18. Coefficient of Fundamental Frequency Variation (VFO)
19. Shimmer in dB (SHdB)
20. Shimmer in Percent (Shim
21. Amplitude Perturbation Quotient (SAPQ
22. Smoothed Amplitude Perturbation Quotient (SAPQ)
23. Coefficient of Amplitude Variation (VAM
24. Noise to Harmonic Ratio (NHR)
25. Voice Turbulence Index (VTI)
26. Soft Phonation Index (SPI)
27. Number of Voice breaks (NVB)
28. Number of Sub-Harmonic Segments (NSH)
29. Number of Unvoiced segments (NUV)
30. Frequency Tremor Intensity Index (FTRI)
31. Amplitude Tremor Intensity Index (ATRI)
32. Degree of Voice Breaks (DVB)
33. Degree of Sub-Harmonic Segments (DSH)
34. Degree of Voiceless (DWW
35. Average Pitch Period (TO
Definitions of all the paraneters are given in the
appendi x.
Subj ect s:

A group of thirty normal subjects which forned the

control group (15 nmales and 15 females) in the age range of

twenty to thirty five years were considered for the study.
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The subjects of this group had no apparent speech, hearing or
E.N.T. problens and considered normals by qualified S.L.P and

E.N T eval uati on.

The second group consisted of thirty subjects who were
stage actors (15 males and 15 fenmales) in the age range of
twenty to thirty five years formed the experinental group.
These subjects have had 3 years of basic training in stage
acting and have been actively involved in acting for the past
7 to 9 years. These subjects too had no speech, hearing or

E.N T. Pr obl ens.

AERODYNAM C PARAMETERS

Vital Capacity
Equi prment :  Expi rogr aph

Procedure: All subjects were made to stand in erect position.

The following instructions were given to the subject.
"I nhale as deeply as you can through your nouth, when you
think that you have filled your lungs maximally, blow air
into this nmouth piece as much as you can in one breath
wi thout permtting the air to Ileak out". After the
instructions the exam ner denonstrated the procedure. The
subject was trained to keep the mouth piece tightly over the
mouth and to blow into the nouth piece. As the subject was

blowing into the nouth piece the pointer of the expirograph
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kept nmoving on the calibrated paper thus show ng vol une of

the air expired.

The subject, after deep inspiration, expired the air
into the nmouth piece of expirograph to the nmaxi mum extent
possible. The reading on the expirograph showed the total
volume of air expired. Thus vital capacity for each subject
was neasured. The procedure was carried out, three tinmes for
each subject with verbal encouragenent by the experinmenter to
i ncrease the volune of expiration each tine.

Vital capacity was determned directly from calibrated
paper of the expirograph . The air blown was neasured in
centinmeter on the expirographic paper. It was then

mul tiplied by 300 to give the vital capacity in CC.

Mean Air Flow Rate (NAFR
Equi pment :  Expi rograph and Stop Watch
Procedure: The phonation volune and phonation tinme were
measured using the followng instructions and
pr ocedur e.
"Inhal e as deeply as you can through your nouth. When
you think that you have filled your lungs nmaximally say /a/
as long as you can into this nmouth piece, until you feel that
you have conpletely run out of air. whil e saying the sound
/al into this nouth piece, the air should not |eak fromthe
sides. Hold it tightly against the nmouth. Use a confortable
| oudness |l evel and please do not stop until you conpletely

run out of air".
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Subsequent trials were preceded by the follow ng
instruction, "try to prolong the sound l|onger this tine".
The stop watch was started at the initiation of each
phonation of /a/ and stopped at the termnation of each
phonation by the investigator. This provided the phonation
time. The air collected during the phonation of /a/ was

not ed down from expirographic paper in terns of cc.

The nean airflow rate was calculated for each subject,

for each trial, using the fornula.

PV
MAFR = (cc/ seconds
PT

PV --> Phonati on Vol une

PT --> Phonation Tine

Maxi num Dur ati on of Phonation (MPD)

MPD has been defined as the duration for which an
i ndi vi dual can sustain phonation. Each subj ect was

instructed as foll ows:

"Take a deep breath and say /a/ as long as you can, with
the voice that you usually use". As the subject phonated the
duration was noted using a stop wach. The subject was asked
to repeat the whole process twice, with a short gap between

the trials. The longest duration of the three trials was
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considered the MPD for /a/ for that subject. The sane
procedure was followed for the vowels /i/ and /u/ to

determne MPD for /i/ and /u/.

SZ ratio

The SYZ ratio was defined as the ratio of the durations
for which the fricatives /s/ and /z/ were produced by that

subject i.e.,

Maxi mum dur ati on of sustained /s/
SZ ratio =

Maxi mum dur ati on of sustained /z/

The maxi mum duration for which the subject could sustain
/sl and /z/ were determ ned using the sanme procedure used to
determ ne the maxi mum duration of phonation i.e., the subject
was asked to take a deep breath and say /s/ aslong as he

could. The duration for which he could say /s/ was neasured

using a stop watch. SSmlarly the duration of /z/ was also
nmeasur ed. Three trials were given to each subject and three
values for each fricative were determ ned. The ratio

provided s/z ratio.

The maxi num out of the three readings, were considered

the s/z ratio for the subject.
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ACOUSTI C PARAMETERS
Opti mum Frequency:

The objective nethod of locating optinmm frequency
devel oped by Nataraja (1975) was wused to determne the

opti mum frequency.
The equi pnent used were:

1. Beat frequency oscillator with a probe speaker
2. Measuring anplifier with condenser m crophone

3. Gaphic level recorder

This nmethod involved finding the natural frequency of

the vocal tract.

Pr ocedure:

Before the beginning of the neasurenent of the natural
frequency of the vocal tract, the following instructions were
given to the subject. "Now we are trying to find out the
"best voice' for you. Pl ease sit here, and say /al. Keep
the nouth in the sane position but wthout voice and adjust
yourself such that this speaker is inside your nouth cavity,
i.e. you bring your nouth around this. Pl ease see that it
does not touch your teeth, tongue or 1|ips. Pl ease mai ntain
that position for few seconds. Whenever necessary this was

denonstr at ed.
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The subject was made to sit confortably on a chair and
t he probe speaker was adjusted so that it was well inside the
oral cavity. Then the tone from 100 Hz to 5 kHz was produced

by automatic sweeping over the frequency range by the BFO

The condenser m crophone connected to the audi o
frequency anal yser picked up the response of the vocal tract
and the frequency versus intensity graphic recording was
obt ai ned using a graphic |evel recorder. Then the frequency
whi ch showed a nmaxinmum increase in intensity was considered
the natural frequency of the vocal tract. Then using the
foll ow ng equations the optinmm frequency for the subject was
det er m ned.

Nat ural Frequency of Vocal tract

o = (for adult mal es)
8

Nat ural Frequency of Vocal tract
o = (for adult fenales)

The remaining acoustic paraneters were obtained by

automatic extraction using MDVP software.

The followi ng instrunments were used

1. Dynam c mcrophone (Cardioid, Sony F-760)

2 Preamplifier

3 C.S.L. speech interface unit (Mdel 4300 B)
4. 486 SXwith CS.L - 50 hardware card
5

MDVP Sof t war e
( Kay eleneterics Inc.)
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These neasurenents were carried out in a sound treated
room of the phoniatrics |aboratory of the Dept. of speech

Sci ence, Al SH.

Pr ocedur e:

For the purpose of automatic extraction of the acoustic
paranmeters using MDVP software it was decided to use the
phonation of vowel /a/, [il,/lul. For this purpose three
trials of phonations of vowels /a/, /i/ and /u/ were produced
by the subject as it was done to determne the maxinm
phonati on durati on. The m crophone was kept approximtely 6
inches from the subject's nmouth which was connected to CSL
box. The signal from this was fed to the conputer and DSP
boar d. Each phonation signal was digitized and stored on
the hard disk of the conputer using the progranmme ' Capture
of MDVT. Each signal was then analyzed. The output was

printed using an Epson-FX-1000 printer.

To study the acoustic paraneters during speech, three
meani ngf ul Kannada sentences were used (/idu/ /papu/, [/idu/
[ Koti/, [lidu/ [Kenpu/ /banna/). The subject was asked to say
the sentences wth pause between each trial and they were
recorded using the sanme instrunental set up wused for
recordi ng the phonation. These speech sanples were anal ysed
with the help of MVP software. After the analysis the
display of the results were obtained for each trial of each

vowel and sentence for all subjects of both the groups.
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The data collected was submtted to statistical analysis
using SPSS software to obtain descriptive as well as

inferential statistical information.
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RESULTS AND DI SCUSSI ON

The objective of the study was: To conpare the follow ng
acoustic and aerodynam c paraneter of voice of normals and

stage actors (Supranormals).
Aver age Fundanmental Frequency (Fo)

Aver age fundanent al frequency was measured  during
phonation and spontaneous speech production wusing MDVP
software. The nean, SD and range for average Fo for norma
mal es, normal females, supranormal nmales and supranornma
femal es are presented in Tables | & graph 1. The mean val ues
of normal males and fenales were 118.52 and 225.55 with S D
of 19.65 and 12.78. Simlarly the supranormal nmales and
femal es showed nean values of 120.01 and 140.06 with S.D of

14. 80 and 11. 31.

Statistical analysis showed that there was significant
difference at 0.05 level in phonation and speech between
normal males and normal females (T values = 0.09) as shown

from Tables | and graph 1

Further inspection of tables 1 and graph 1 show no
significant different between nornmal males and supranornal
males in ternms of average fundanental frequency for phonation

and speech.

| nspection of tables 1 and graph 1 show significant

difference at 0.05 level (T value = 0.09) between supranornm
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mal es and females for Phonation and speech. I nspection of
tables 1 and graph 1 show significant difference at 0.05
level (T values = 0.46, 0.36) between normal fenales and

supranormal femal es for phonation and speech

Table I : Show ng nmean, standard deviation and range for
normal males normal females, supranormal nmal e and
supranormal fenale for the paranmeter average Fo.

Mean S. D Range
phonati on 118. 52 19. 65 51. 56
NM
speech 139. 06 7.28 17.93
phonati on 225. 55 12. 78 32.41
NF
speech 233.00 10.70 28 .51
phonati on 120. 01 14 .80 35.41
SNM
speech 140. 06 10. 00 24 .62
phonati on 224 .94 11.31 28 .44
SNF
speech 256. 94 19. 09 52.27

Exam nation of mean values and "T" values reveal that the
mean val ues for the paraneter FO were higher for females

conpared to nales for both the groups.



| nvestigators Mal es Femal es

Sheel a (1974) 126 217
Jayaram (1975) 123 225
Nat araj and 141 237
Jagadeesh (1984)

Vanaj a (1986) 127 234
Nat araj a (1986) 119 223
Ani t ha (1994) 129 240
Present study 118 225
The fundanent al frequency in phonation for I ndi an

popul ation as reported by other investigators also lie within
this range. (Jayaram 1975; Nataraja and Jagadeesh, 1974;
Vanaj a 1986; Sheela 1974).

A conparison of fundanental frequency in speaking used
by males and females showed a statistically significant
difference in both the groups. Femal es were found using a
much hi gher fundanental frequency which was as expected. The
statistical analylis between the normal and supra nornmal
groups, both males & famales showed no significant difference
both in phonation as well as speech. Thus the hypothesis (1)
no significant difference between nmales and fenmales s

rejected wth reference to both nornal and supranorm
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groups. The Hypothesis (2 stating that there is no
significant difference between normals and supranormal both
males as well as females is rejected regarding fundanental

frequency in phonation and in speech.

Average pitch period (TO

The mean, SD and range are presented for all the four
groups normal males and fenales, supranormal rmales and
females in tables Il and graph 2 respectively. The nean
val ues of normal males and normal fenmales were 8.34 and 4.43
for phonation and 7.43 and 4.45 for speech respectively with
a greater range for males (1.84) conpared to females (0.62).
Simlarly the supranormal nmales and females showed nean
values of 8.25 and 4.05 for phonation and 7.25 and 3.97 for
speech, with a greater range in nales. It was seen fromthe
above values that males of both groups had greater nean
val ues of pitch period for phonation and speech conpared to

f emal es.

Table Il and graph 2 show significant difference for
phonati on and speech between normal males and females (T =

0.009, 0.009 at 0.05 |evel).

Table Il and graph 2 show no significant difference for
phonati on and speech between normal males and supranornal

males (T = 0.834, 0.530 at 0.05 | evel).
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Table Il and graph 2 show significant difference for
phonati on and speech bet ween supr anor nal mal es and

supranormal females (T = 0.009, .009 at 0.05 | evel).

Table Il and graph 2 show no significant difference for
phonati on and speech between supranornal fenmales and nornal

females (T = 0.094, 0.059 at 0.05 | evel).

Table 11: Show ng nean, standard deviation and range for
normal mal es normal femal es, supranormal nal e and
supranormal female for the parameter average pitch

peri od
Mean S. D Range

phonati on 8.34 0.83 1.84
NV

speech 7.43 0. 27 0. 67

phonati on 4 .43 0.24 0.62
NF

speech 4 .45 0.19 0.53

phonati on 8.27 0. 82 1.99
SNM

speech 7.25 0. 50 1.20

phonati on 4 .05 0.35 0.95
SNF

speech 3.97 0.44 0.95
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Exam nation of nmean values and statistical analysis
reveals that the nean values for the paraneter average pitch
period are higher for the nmales conpared to the females of
both the groups for both phonation and speech and there is a
significant difference between nales and females for both the

groups.

Therefore, the null hypothesis stating that there is no
significant difference between the two groups - normal and
supranormal in terns of the paraneter To in nales and femnal es
is accepted and the hypothesis "there is no significant
difference between the two groups - nmles and females in

terms of To both in normal and supranormal group is accepted.

H ghest fundanental Frequency (HO

The hi ghest fundanmental frequency during phonation and
sentence production for normal nale and fermale groups and
supranormal nale and fermal e groups are presented in the table
Il and graph 3 respectively. Femal es had greater nean
val ues in phonation and speech for the paraneter H ghest Fo
conpared to nales of both the groups. The standard devi ation
was also greater for females conpared to mmles. the nen
values of normal nales and fenmales were 127.55 and 250.94
with S D of 11.42 and 31.60. Simlarly the supranornal
mal es and fenal es had nean values of 126.74 and 270.50 wth

S.D. of 16.28 and 30. 38.
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Table 11l graph 3 and results of "I" test reveal that

there is a significant difference in phonation and speech

between normal nmales and normal females (T = .009 at .05
| evel ).
Table 11l and graph 3 and statistical analysis reveal

that there is no significant difference in sounds and
sentences between normal males and "supra normal males (T =

.834, at .05 level).

Table 111 and graph 3 show that there is significant
difference in vowels and sentence between supra nornmal nmales

and females (T = .009 at .05 |evel).

Table Il and graph 3 show that there is no significant
difference in phonation and speech between nornal fenales and
supranormal females (T = .209, .141 at .05 | evel).

Table 111: Show ng nean, standard deviation and range for

normal males normal females, supranormal male and
supranornmal fermale for the paraneter highest Fo.

Mean S. D Range
phonati on 127. 55 11. 42 27.33

NM
speech 168. 99 30. 53 78. 26
phonati on 250 . 94 31.60 81. 92

NF

speech 315 .44 33.50 91. 33
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phonati on 126. 74 16. 28 41. 08
SNM

speech 180. 00 18. 63 52. 67

phonati on 270. 50 30. 38 74.78
SNF

speech 355. 09 38.42 88. 63

Mean val ues of Hi ghest Fundanental Frequency are greater
for speech when conpared to phonation for males and femnales
of both the the groups. However fenal es denonstrated higher
nmean values for both phonation and speech when conpared to

mal es of both the groups.

Resul ts of statisti cal analysis  accept the null
hypothesis that there is no significant difference between
the two groups - normal and supranormal in terns of the
paraneter HFO both in males and females. The hypothesis
stating that there is no significant difference between nal es

and fenmal es of both groups has been rejected.

Lowest Fundanmental Frequency (LFO

Normal nales and females had nean values of 111.33 and
207.54 for phonation and 101.39 and 177.43 in speech with a
greater range phonation (40.01) conpared to speech (13.33).

However this trend was not seen in the supranormal group.
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The mean values for males and females of the supranornmal
group were 112.47 and 241.41 respectively. The range was
least in the supranormal fermale group (25.82) when conpared

to the other groups.

Table IV and graph 4 and statistical analysis reveal
that there is significance difference between normal nmales
and females for phonation and speech (T = .009, at .05
level ).

Table I'V: Showi ng nean, standard deviation and range for

normal males normal females, supranormal male and
supranormal fermale for the paranmeter Lowest Fo.

Mean S. D Range
phonati on 111. 33 18. 17 40. 01
NM
speech 101. 39 4. 89 13. 33
phonati on 207. 54 14.85 40. 52
NF
speech 177. 43 4.13 10. 45
phonati on 112 .47 17. 84 46. 45
SNM
speech 109. 98 15. 25 40. 48
phonati on 241. 41 12.19 25.82
SNF
speech 188. 97 10. 97 22.07

Table IV and graph 4 reveal that there no significant
di fference for phonation and speech between normal males and

supranormal males (T = .675, .295 at .05 |level).
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Table IV and graph 4 reveal that there is significant
di fference for phonation and speech between supranornmal nmal es

and females (T = .009 at .05 |evel).

Table IV and graph 4 reveal that there is significant
di fference for phonation and speech in between normal fenales

and supranormal females (T = .021, .033 at .05 | evel).

In the present study, while conparing the nean val ues
and 't' values of lowest Fo for the phonation and speech, it
was found that fenmales had a higher nean value for both
phonati on and speech conpared to nales. The hypot hesi s
stating that there is no significant difference between
normal and supranoranmis both nmales and fenales has been

partly accepted and partly rejected.

The hypothesis stating that there is no significant
di fference between nales and females of both groups has been

rej ected.

Standard Devi ati on of Fo. (STD

The mean values of normal males and females for the
paraneter STD were 1.27 and 3.89 for phonation and 18.44 and
21.80 in speech with the S D and range being greater in
speech conpared to phonation. Simlar findings were noted in

t he supranornmal group.
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Tables V and graph 5 show that there is significant
difference for phonation and speech between normal males and

females (T = .009 at .05 |evel).

Table V and graph 5 indicate no significant difference
for phonation and speech between normal males and supranor nal

males (T = .916, .295 at .05 |evel).

Tabl e V: Showi ng nean, standard deviation and range for
norrmal mal es nornmal fenmales, supranornmal mal e and
supranornmal fenmale for the paraneter Standard
devi dati on of Fo.

Mean S.D. Range
phonat i on 1.27 0.23 0.50
NM
speech 18. 44 11. 65 32.67
phonati on 3.89 2.20 5. 65
NF
speech 21. 80 7.76 21. 24
phonati on 1.31 0.18 0. 40
SNM
speech 13.76 4. 01 10. 56
phonati on 2.62 0.81 2.24
SNF

speech 30.51 3.38 7.98
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Table V and graph 5 indicate significant difference for
vowel s and sentence between supranornal nales and supranor nal

females (T = .49, .009 at .05 |evel).

Table V and graph 5 show that three is no significant
di fference between normal femal es and supranormal fenales for

phonati on and speech (T = .463, .059 at .05 | evel).

Wil e conparing the nean values and 't' values of STD
for phonation and speech, it was found that nean values for
speech were significantly greater for males and females of
both the groups. There was no significant difference between
normal and supranormal groups both nmales and fenmales in

phonation as well as speech.

Results of statistical analysis lead to the acceptance
of the null hyupothesis that there 1is no siginificant
di fference between the two groups - normal and supranormal in
terns of the paraneter STD both in males and fenales. The
hypot hesis stating that there is no significant difference

bet ween mal es and femal es of both groups has been rejected

Phonat ory FO range (PFR)

Phonatory Fo range is defined as the range between Fhi

and FLo expressed in nunber of semnitones.

Mean val ues for phonation were 3.00 for normal val ues
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and 4.29 for nornmal females with a standard deviation of 1.18
and 2.52. nean values for supranormal males and fenal es were
2.80 and 2.29 with a S D of 0.65 and O.47. G eater val ues
of standard deviation were found an speech conpared to
phonati on of both the groups. The hypothesis stating that
there is no significant di fference between nornal and
supranormal for both males and fenal es has been accepted.

The hypot hesi s stating that t here is no significant
di fference between nmales and femal es of both groups has been

accept ed.

Table VI and graph 6 and statistical analysis indicate
that there is no significant difference for vowels and
paraneters between normal males and females (T = .245, .597).
Nor mal mal es and supranormal males (0.915, .171), supranornma
mal es and females (t = .243, .116) and nornmal fenmales and

supranormal females (T = .065, .207 at .05 | evel).

Table VI: Show ng nean, standard deviation and range for
normal males normal females, supranornmal mal e and
supranormal female for the paraneter Phonatory Fo.
range.

Mean S. D Range

phonati on 3.00 1.18 3.00
speech 11. 00 1.87 5.00

NM
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phonat i on 4 .29 2.52 6. 00
NF

speech 10. 80 1.91 5.34

phonati on 2.80 0. 65 1.67
SNM

speech 9.33 2.01 5.00

phonati on 2.29 0. 47 1.17
SNF

speech 11. 80 1.34 3.67

In the present study, taking into consideration the nean
values and "T" values of phonation frequency range for
phonati on and speech, it was found that the nean PFR for
speech was hi ghest when conpared to phonation. There was a
significant difference in the nean values for both phonation
and speech between males and females of the supranormal

group. However, this difference was absent in the nornmal

group.

The above result can be discussed as follows:

It was observed that the mean PFR value for speech was
hi gher for phonation in all the four groups (normal nmales,
normal femal es, supranormal males and supranornal females).
This could be due to the inflections used during speech
production, use of different speech sounds having different
vocal tract configuration which could indirectly affect the
fundarmental frequency of the voice and hence the range of Fo

is higher for speech than for phonation.
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Fo Trenor Frequency (FFTR

Fo trenor frequency (FFTR) is the frequency of the nost
intensive low frequency Fo nodulating conponent in the
specified Fo-trenor anal ysis range. Normal mal es and fenal es
had mean values of 4.25 and 5.91 with S D of 519 and 3.46
for phonati on. However the nean values were greater for
speech but standard deviation was |ow for speech conpared to

phonation. Supranormals also exhibited simlar findings.

The inspection of Tables VII and graph 7 indicate that

there is no significant difference for phonation and speech

between normal males and females (T = .251, .364) between
normal males and supranormal males (T = .175, .917) and
supranormal females and normal females (T = .674, .293) at
.05 level.

| nspection of tables WVII graph 7 show that there is
significant difference for phonation and speech between

supranormal nmales and females (T = .028, .016 at .05 | evel).
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Table VII: Show ng nean, standard deviation and range for
normal mal es normal ferales, supranornmal mal e and
supranormal fenmale for the paraneter Fo. trenor

frequency
Mean S. D Range
phonati on 4 .23 5.19 12.11
NM
speech 7.78 1.87 4.26
phonati on 5.91 3.46 7.44
NF
speech 8.32 0. 60 1. 60
phonati on 3.59 2.85 7. 06
SNM
speech 7 .47 2.33 5.18
phonati on 8.02 3.93 10. 00
SNF
speech 11.56 1. 07 2. 57

On observation of the nean values and "T' values the
val ues for phonation and speech were greater for supranorna
femal es conpared to supranormal nmales. However the sane
trend was absent in the normal group. The hypothesis stating
that there is no significant difference between nornmal and
supranormal for both nmales and fenal es has been accepted.

The hypot hesi s stating that t here S no significant
difference between nmales and females of both groups has been

partly accepted and partly rejected.

As seen from the difinition the paranmeters FFTR Fatr,
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FTRI, ATRI are interrelated. Hence the results of all there
paraneters are discussed together. In all these paraneters,
the nean values of sentence were higher for all the groups.
This is due to the inflections used during the production of
sentence, use of different speech sounds having different
vocal tract configuration which would indirectly affect the

frequency and intensity of the voice.

Review of literature lacks information on conparison of
normal and supranormal groups for the paranmeter FFTR and thus
the findings of the present study can not be conpared and the
differences seen in normal and supranornmal groups cannot be

expl ai ned.

Amplitude trenor frequency (FATR

It is defined as the frequency of the nost intensive
| owfrequency anplitude nodul ati ng conponent in the specified
anplitude trenor analysis range. Mean values for nornmal
mal es and fenmales were 4.72 and 3.42 with S D of 1.27 and
3.33. Simlarly the supranormal males and fenmales showed
mean values of 3.18 and 1.84 with S D. of 0.78 and 0.42. The
supranornmal females group was found to have the |owest nean
and S.D values conpared to the other three groups, and a
difference was seen in the nean values of phonation and
speech. Table WVIII and graph 8 and statistical analysis
i ndi cate that there is no significant difference for

phonati on and speech between normal nmales and females (T =
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.175, .059 at .05 level).

Table VII1 and graph 8 and statistical analysis indicate
that there is no significant difference for phonation and
speech between normal mal es and supranormal males (T = .675,
at .05 level).

Table VIII: Show ng nean, standard deviation and range for

normal males normal females, supranormal nmale and
supranormal fermale for the paraneter anplitude
trenmor frequency

Mean S. D Range
phonati on 4.72 1. 27 2.73
NM
speech 3.34 0.99 2.43
phonati on 3.42 3.33 7.82
NF
speech 6 .50 1.38 3.36
phonati on 3.18 0.78 1.92
SNM
speech 3.55 2.18 5.84
phonati on 1.84 0.42 1. 00
SNF
speech 8.22 2.62 7.01

The nean values and 'T  values show no significant
di fference for phonation and speech between both the groups
and there was no effect of using different sanples (phonation

and speech) on FATR val ues.

Therefore, the hypothesis stating that there is no
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significant difference between the two groups - normal and
supranormal in ternms of the parameter, FATR both in nales and
femal es is accepted. Hypothesis (2) Stating that there is no
significant difference between nales and fenmales of (a)
normal group is accepted and (b) group of supranornal
speakers is al so accepted. The results have been discussed

under the paranmeter FFTR

Absol ute Jitter: (Jita)

It is an evaluation of the period to period variability

of the pitch period within the anal yzed voi ce sanpl e.

Normal nmales and fenal es showed nean val ues of 59.46 and
63.45 for phonation with S D of 25.91 and 42.06 and 71.27 and
76.07 for speech with S D of 23.11 and 34.99. the values for
speech were greater conpared to phonation and a simlar trend
was seen in the supranormal group. The supranormal fenale
group had the highest nmean (124.31), S D (53.32) and range
(124.34) conpared to other groups.

Exam nation of Table IX Gaph 9 reveal on statistical
analysis that there is no significant difference between
Normal male and normal fenale for phonation and speech (T =
0.754, T = 0.465 at (.0.05 | evel) exam nation of table IX and
graph 9. Reveal No significant difference between nornal
mal e and supranormal nmale supranormal male and supranor nal

femal e, normal fenmale and supranormal female respectively for
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phonati on and speech their respective T values are T = 1.0,
0.675; T = 0.119, 0.173, T = 0.207, 0.173 at (0.05) |Ievel

respectively.

Table 1 X: Show ng nmean, standard deviation and range for
normal males normal femal es, supranormal male and
supranormal female for the parameter absolute
jitter

Mean S. D Range
phonati on 59. 46 25.91 62. 11
NM
speech 71. 27 23.11 51. 56
phonati on 63. 45 42. 06 105. 70
NF
speech 76 .07 34.99 88 .60
phonati on 63 .38 10. 35 27. 68
SNM
speech 80. 39 29.18 73.82
phonati on 34 .41 18. 69 43 .43
SNF
speech 124 .31 53. 32 124. 64

Conparison of the mean values and "T" test values of
absolute jitter for phonation and speech indicated that the
mean absolute jitter value in speech were higher than in
phonation for nmales and fermales of both the groups (normal

and supranormal).

However no significant difference for the paraneter Jita
was seen for phonation and speech in both nmales and fenunles

of the normal and supranormal group.
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Hence, the hypothesis stating that there is no
significant difference between the two groups - nornmal and
supranormal in ternms of the paraneter, Jita both in males and
females is accepted. The hypothsis stating that there is no
significant difference between nmamles and fenales of both
groups has been accept ed.

As seen from the definition the followng paraneters
absolute jitter, jitter per cent, rel ative aver age
perturbation, pitch perturbation quotient and snoothed pitch
perturbation quotient are interrelated hence the results of
all there paraneters are discussed together. They al
nmeasure the short or long termvariation of the pitch period
within the analysed voice sanple but they are different in
terms of the snoothing factors used. In RAP, a snoothing
factor of 3 is used, PPQ uses 5 whereas SPPQ user 55 as the
smothing factor. VFO is the standard deviation of Fo. voice
break areas are excluded during the analysis of all
par anet ers.

In all the parameter nentioned above, it has been
denonstrated that the nean values in speech is nore than in
phonation. This is due to the inflection used during the
production of sentence, use. of different speech sounds having
different vocal tract configuration which would indirectly

affect the frequency of the voice.
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Jitter Percent (Jitt)

The nean, SD and range of jitter percent are presented
in the tables X and graph 10 for normal males and nornal
femal es, supranor nal mal es and supr anor nal femal es
respectively. The mean values for normal males and fenales
in phonation were 0.78 and 1.44 with S D of 0.48 and 1.00.
The nean values were greater for speech and so were the S D
and range val ues. Simlarly the nmean values of supranornal
group were higher for speech conpared to phonation. The nean
value for phonation in the supranormal group for nales were

1.28 and 0.85 for fennles.

Exam nations of Table X and Gaph I|o reveals No
significant difference between normal nale and normal fenale;
normal male and supranormal nal e; Supranormal nmale and
supranormal female; normal female and supranormal fenale
respectively. Their respective 'T° values at (0.05) |Ievel
are an follow respectively T = 0.347, 0.917; T = 0.295;

0.675; T = 0.528, t = 0.834.
Table X:  Showi ng nean, standard deviation and range for

normal mal es normal femal es, supranormal nale and
supranorrmal female for the paraneter Jitter percent

Mean S. D Range

phonati on 0.78 0.48 1.30
NM
speech 3.91 0. 82 1.92
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phonat i on 1.44 1. 00 2.45
NF

speech 3.99 1. 67 4.07

phonati on 1.28 1.12 2.68
SNM

speech 3.21 1.54 3.88

phonati on 0. 85 0.47 1.03
SNF

speech 3.72 1.09 2.36

Exam nation of mean values and "T' values show that the
nmean val ues of speech were higher than that of phonation in
mal es and fenmales  of both the groups (normals  and
supranornal s) and there is no significant difference between
the groups for both males and fermales and thus the hypothesis
stating that no significant difference between normals and
supranornmals (both nmales and females was accepted Simlarly
the hypothsis stating that there is no significant difference
between nales and fermales of (a normal group was accepted

(b) Supranornmal group were al so accepted.
Rel ati ve Average Perturbation (RAP)

It is defined as relative evaluationof the period to
period variability of the pitch of the analysed voice sanple

wi th snoothing factor of three peri ods.
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Normal males and females, in phonation, showed nean
values of 0.49 and 0.63 and S D of 0.26 and 0. 38. The mean
val ues were greater for speech when conpared to phonation for
both males and fenales. Simlarly the supranormal group
showed nmean value of 0.58 in males and 0.87 in females,

exhibiting the trend shown by the nornmal group.

Exam nation of tables XI and graph 11 reveal that there
is No significant difference between normal nale and Nornal
female: Normal male and supra normal male; supra normal nale
and supra normal fermale; normal fermale and supra norma
femal e respectively for phonation and speech. Thei r
respective T value at (0.05) level are as follow (0.347 and
0.754); (0.459 and 0.402); (0.916 and 0.600); (0.528 and
0.834) respectively.

Table XlI: Show ng nean, standard deviation and range for
normal mal es normal females, supranormal mal e and
supranormal fenmale for the paraneter relative
average perturbation

Mean S. D Range
phonati on 0.49 0. 26 0.69

NM
speech 2.26 0. 38 1.10
phonati on 0. 63 0. 38 1.62

NF

speech 1.98 1.24 2.63
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phonati on 0.58 0.15 0.83
SNV

speech 2.26 0. 96 1.38

phonati on 0. 87 0.61 1.50
SNF

speech 2.19 0.92 2.30

The mean values in the table and 'T" values indicate a
simlar trend in RAP conpared to Jitt showi ng the nean val ues
of speech higher than that of phonation. However, there was
no significant difference between the groups for both males
and femal es, threby accepting the hypothesis (D The
hypot hesis stating that there is no significant difference
between nales and females of (a) normal and (b) supranornal

group is also accepted.

The results of this paraneter has been discussed under

the paraneter absolute jitter.

Pitch Perturbation Quotient (PPQ

The nmean, SD and range of Pitch Perturbation Quotient
for the four group i.e., normal males, normals females,
supranormal nales and supranornmal fenales are presented in
table XIl1 graph 12. Mean val ues of normal values and fenal es
were 2.53 and 2.22 with S D of 0.33 and 1.18. Simlarly the

supranormal males and fenales showed nean values of 2.06 and
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2.33 with S D of 1.01 and 0. 62.

Exam nation of table Xl and graph 12 respectively for
normal male and nornmal fermale; nornmal male and supranornal
mal e; supranormal mal e and supra nornmal female; normal fenale
and supra normal fenale reveal that there is no significant
di fference between the wvalues for phonation and speech
respectively. The "T" values at (0.05) level for the above
are as follows (0.346 and 0.295); (0.207 and 0.402); (0.463
and 0.753); (0.293 and 0.401).

Table XI'lI: Showi ng mean, standard deviation and range for
normal mal es nornal fenmales, supranormal mal e and
supranormal fermale for the paraneter pitch period
perturbation quotient

Mean S. D Range

phonat i on 0.35 0. 32 0. 65
NM

speech 2.53 0.33 0. 82

phonat i on 0. 82 0.54 1.34
NF

speech 2.22 1.18 2.85

phonati on 1.01 0.78 1.85
SNM

speech 2.06 1.01 2.53

phonati on 0. 49 0.27 0.61
SNF

speech 2.33 0. 62 1.42
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Conpari son of the nean values and 't' test val ues of PPQ
for phonation and speech indicate that the nean PPQ for
sentences were higher conpared to phonation of vowels and
there were no differecnes seen between the groups for both
mal es and femal es. The hypothesis stating that there is no
significant difference between the two groups - normal and
supranormal for the paraneter PPQ both in nales and fenales
was accept ed. The hypothesis stating that there is no
significant difference bet ween mal es and femal es of

supranormal and normal group has been accept ed.

The results of this parameter has been discussed under

the paranmeter absolute jitter.
Snoot hed pitch perturbation quotient: (SPPQ

This is the relative evaluation of the short or |[|ong
termvariability of the pitch period within the analysed
voi ce sanple at snoothing factor defined by the user. The
mean, SD and range of SPPQ are presented in the Table Xl 11,
graph 13 for normal nales, nornmal females, supranormal nales
and supranornmal fenales respectively. Mean val ues of nornal
males and fermales were 0.66 and 0.70 with S D of 0.27 and
0.27 for phonation and 6.04 and 5.76 (nean) with S.D of 3.88
and 1.42. Simlarly the Supranornmal males and femal es showed
nmean values of 1.24 and 0.58 with S D of 1.03 and 0.17 for
phonation and nean values of 5.07 and 5.09 with S D of 3.38

and 2.53 for speech. Overall, the nean, S D and range of all
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the groups were higher for speech conpared to phonation.

Exam nation of table X Il and graph 13 respectively
reveal then is no significants difference between normal male
and nor nmal femal e; nor mal male and supranor nal mal e;
supranormal male and supranormal female; nornmal fenale and
supranormal female for phonation and speech production
respectively (0.675 and 0.917); (0.209 and 0.754); (0.075 and
0.917); (0.674 and 0.674) at 0.05 |evel.

Table XI11: Show ng nmean, standard deviation and range for
normal mal es normal females, supranormal mal e and

supranornal fenale for the paranmeter snoothed
pitch period perturbation quotient

Mean S. D Range

phonati on 0. 66 0. 27 0.61
NM

speech 6. 04 3.88 9.22

phonati on 0.70 0.27 0.64
NF

speech 5.76 1.42 3.52

phonati on 1.24 1.03 2.43
SNM

speech 5.07 3.38 8.56

phonati on 0.58 0. 17 0.42
SNF

speech 5.09 2.53 6.24
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The conparison of the nean values and "T' test of SPPQ
for phonation and sentences showed a simlar trend as that of
PPQ and results have been discussed under the paraneter

absolute jitter.

The hypothesis stating that there is no significant
di fference between the two groups - normal and supranormal in
terms of the paraneters SPPQ in males and fermales s
accept ed. The hypot hesi s stating that t here IS no
significant difference between nmales and fenmales of both

groups has been accepted.
Co-efficient of Fo Variation (VFO

This is defined as relative standard deviation of the Fo
and it reflects, in general, the variation of Fo (short to
long term . The nean, SD and range of this Co-efficient of
Fo variation are presented in the Tables XIV and graph 14 for

normal males and fenmal es and supranormal nales and fenal es.

The table shows a greater nean, S D and range for speech

conpared to phonation for all the four groups.

Exam nation of table XIV and graph 14 reveal that there
is no significant difference between normal male and nornma
female; normal male and supranormal male, supranornmal fenale
and supranormal male, normal female and supranormal female
for phonation and speech production. Their respective "T"

values at (0.05) level are as follows (0.209 and 0.347);
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(0.295 and 0.094); (0.600 and 0.116); (0.141 and 0. 141).

Tabl e XIV: Show ng nmean, standard devi ation and range for
normal males normal femal es, supranormal mal e and
supranormal fermale for the paraneter co-efficient
of Fo. variation

Mean S. D Range
phonat i on 1.04 0. 26 0. 65
NM
speech 13.80 5.24 13.24
phonati on 1.66 1.04 2.80
NF
speech 10. 70 1.96 5.17
phonati on 2.58 3.28 7.53
SNM
speech 8. 03 4 .48 12. 06
phonat i on 1. 04 0. 32 0. 09
SNF
speech 11.99 0.91 2.00

Wil e conmparing the nean values and "T" values of the
co-efficient of Fo variation for phonation and speech, it was
found that the VFo for sentences were higher conpared to
phonation of vowels and the hypothesis stating that there is
no significant diference between the two groups. Nor mal and
supranormal for the paranmeter VFo both in nales and fenales
have been accepted based on the 'T' val ues. The hypot hesi s

stating that there is no significant difference between nal es
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and femal es of both groups has been accepted.

Shimrer in dB: (ShdB)

This neasures the very short term (cyclo-to-cycle)
irregularity of the peak-to-peak anplitude of the voice. The
mean, Sd and range for this nmeasure are presented in Table XV
and graph 15 for normal nmales, normal fenmales supranormal

femal es respectively.

The table shows the nean values of normal nales and
females to be 0.16 and 0.17 with range of 0.26 and O0.65.
Simlarly the mean values of supranornmal males and fenales
were 0.56 and 0.17 with range of 1.11 and 0.08. G eater
nmean, S. D and range values were found for speech conpared to

phonat i on.

Exam nation of Table XV and graph 15 show significant
di fference between nornal mal e and nor nmal femal e for

phonati on and speech. Their 'T" values are as follows.

Normal males T = 0.045 (0.05) T = 0.009 (0.05)
Exam nation of table 15 and graph 15 reveals no significant
di fference between the values for nornmal male and supranor nal
mal e.  Supranormal mal e and supranormal female; nornmal fenale

and supranornmal fenale for phonation and speech production.

The respective 'T" values at (0.05) Ilevel are on follow
(T = 0.056 and 0.094); (T = 0.072 and 0.249); (T = 0.589 and
0.266) respectively.



4.32

Tabl e XV: Show ng nean, standard deviation and range for
norrmal mal es normal fenales, supranormal mal e and
supranorrmal fenmale for the paraneter shinmrer in dB.

Mean S. D. Range

phonat i on 0.16 0.10 0. 26
NM

speech 1.89 0. 26 0. 65

phonati on 0.17 0. 03 0. 09
NF

speech 0.90 0.15 0.35

phonati on 0.56 0. 43 1.11
SNM

speech 1.36 0.71 1.84

phonati on 0.17 0.01 0. 08
SNF

speech 1.11 0.22 0. 54

On exam nation of the nean values and "T" values, it was
seen that the ShdB for speech was higher conpared to

phonation of vowels for nmales and fenal es of both the groups.

As it could be noted fromthe definition the paraneters
ShdB, Shimer % APQ, SAPQ and VAM are interrel ated and hence
the results of all these paraneters are discussed together.
In all these paraneters, the nean values of speech were
hi gher for all the groups (normal nales, normal females,

supranormal nales and supranornmal females). This my be due
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to the inflections used during the production of sentence,
use of different speech sounds having different vocal tract
configurations, which would indirectly affect the intensity /

anpl itude of the voice signal.

Revi ew of literature inplies lack of i nformati on
regardi ng the conparison of this paraneter between nornal and
supranormal group. The significant difference for the
paraneter ShdB seen between normal nales and females s
absent in the supranormal group and there is no significant
di fference seen between the groups for both nmles and

f emal es.

Therefore the hypothesis stating that there is no
significant difference between the two groups - normal and
supranormal in terns of the paranmeter ShdB in nmales and

femal es is accepted.

Shinmrer (%:

The nean, SD and range of shimrer in percent are
presented in tables XVl and graph 16 for the normal nmales,
femal es and supranornmal nales and fenales. The nean val ues
were higher for speech in nales of both the groups (15.57 and
18.26) conpared to fenales (7.04 and 9.61). The
corresponding S. D values were also higher in males conpared

to fenunl es.
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Table XVI: Showi ng nean, standard deviation and range for
normal males normal females, supranornmal male and
supranormal female for the paraneter shimer (%

Mean S. D Range

phonati on 1.94 1.15 2.97
NM

speech 15. 57 2.44 6. 42

phonati on 1.84 0. 49 1.10
NF

speech 7.04 1.11 2.24

phonati on 5. 66 3.42 8.61
SNM

speech 11. 26 5. 58 14. 01

phonati on 2.06 0.42 1.07
SNF

speech 9.61 2.09 4.93

Exam nation of Table XVl and graph 16 reveal there is no
significant difference between normal male and nornal fenale;
normal nmale and supranorrmal rmale; supra normal male and
supranormal female; nornmal female and supranornmal fenale
respectively for phonation and speech. Their respective "T"
values at (0.05) Ilevel are on follow (0.754 and 0.600);
(0.056 and 0.172); (0.075 and 0.249); (0.834 and 0.093).

Exam naiton of nean values indicate that the nean val ue

for sentence are higher than that of phonation for both
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groups. "T" values also indicate no significant difference
bet ween both the groups (nornal and supranornal) for nmale and

f emal e.

Therefore, the null hypothesis stating that there is no
significant difference between the tw groups normal and
supranormal in ternms of the paranmeter Shim % in both males
and females is accepted. The hypothesis stating that there
is no significant difference between males and fenales of

normal and supranormal groups has been accepted.

Anpl i tude Perturbation Quotient (APQ:

APQ is defined as relative evaluation of the period to
period variability of the peak to peak anplitude within in
t he anal ysed voice sanple at snoothing of 11 periods. Val ues
of nmean, SD and range show a simlar trend as that of Shimmer
percent. The mean values for speech were higher in nornal
mal es (20.30) followed by supranormal males (19.39) wth the
| owest value for normal fermales (7.20).

Table XVII: Show ng nean, standard deviation and range for
normal mal es normal females, supranormal mal e and

supranormal female for the paraneter anplitude
perturbation quotient

Mean S. D Range

phonati on 1.49 0.93 2.23
speech 20. 30 1.98 5.06

NM
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phonati on 1.44 0. 36 0.70
NF

speech 7.20 4. 38 11.72

phonati on 3.22 1.77 4.24
SNM

speech 19. 39 3.97 8. 98

phonati on 1.42 0.25 6.23
SNF

speech 10. 66 2.63 1.28

Table XVII graph 17 and statistical analysis reveal a
significant difference for Phonation and speech between

normal males and females (T = .009 at 0.05 | evel).

Table XVII  and graph 17 reveal that there 1is no
significant difference for Phonaiton and speech between
normal nmales and supranornmal males (T = .094, .675 at .05
l evel ).

Table XVII and graph 17 reveal significant difference
for Phonaiton and speech between supranornal sales and

females (T = .009 at .05 level).

Significant difference for vowels and sentences between
supranormal females and nornmal females (T = .399, .141 at .05

| evel) was found by the statistical analysis.
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Exam nation of nean values show a greater value for
sentence conpared to phonation for nmales and females of both

gr oups.

Exam nati on of T values indicate a significant
di fference between nmales and females of both groups but not
bet ween both the groups for nmales and fenales of both nornal

and supranornal groups.

Therefore, the hypothesis stating that there is no
significant difference between the two groups nornmal and
supranormal in ternms of the paraneter APQ in both males and

femal es is accepted.

However the null hypothesis stating there is no
significant difference between the two groups nales and
females in terms of the paraneter APQ in normal and supra

normal group is rejected.
Snmoot hed Anplitude Perturbation Quotient (SAPQ):

The nmean, SD and range for SAPQ for the four groups (the
nor mal mal es, nor mal femal es, supr anor nal mal es and
supranormal fenmales are presented in table Xvill graph 18

respectively.

Mean values indicated highest value for normal nmales
(44.02) followed by Supranormal nmales (31.62), followed by

supranornmal fermales (28.73) and the |east value (20.09) for
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normal femal es. For phonation, the highest nean val ues were
for supranormal males (4.35) and |lowest for normal nmales and

females (1.91 and 1.83).

Tables XVIII and graph 18 and statistical analysis show
a significant difference for phonation and speech between
normal males and females (T = .009 at .05 |evel).
Table XVII1: Show ng nean, standard deviation and range for
normal males normal females, supranormal nale

and supranormal female for the paraneter
snmoot hed anplitude pertubation quotient

Mean S. D Range
phonati on 1.91 1.31 3.25
NM
speech 44. 02 9.01 22.07
phonati on 1.83 0. 87 2.08
NF
speech 20. 09 3.09 7.77
phonati on 4.35 1.91 4.99
SNM
speech 31. 62 3.83 9. 36
phonati on 2.10 0.54 1.28
SNF

speech 28.73 5. 62 14 .01
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Mean val ues indicate higher values for speech in males
and females of both groups conpared to phonation. Thi s

result is discussed under the paraneter ShdB.

Exam nation of "T" values denonstrate a simlar trend,

seen in the paraneter ShdB.

Therefore, the hypothesis stating that there is no
significant difference between the two groups-normal and
supranormal in ternms of SAPQ in males and fenmales 1is
accepted. The hypot hesi s stating that t here IS no
significant difference between males and females of nornmal

and supranormal groups has been accept ed.

Table XVI11I and graph 18 reveal no significant
difference for phonation and speech between normal and
supranormal males (T = .094, .675) between supranormal mnales
and females (T = .116, .463) between normal and supranor nmal

females (T = .834, .336) at .05 |level).

Co-efficient of Anplitude Variation (VAM:

Co-efficient of Anplitude Variation (VAM is defined as
relative standard deviation of the peak to peak anplitude.
The nean, Sd and range are presented for normal mal es, nornal
femal es, supranormal males and supranormal fenmales in tables
XI X and graph 19 respectively. Mean values for normal val ues
and females were 3.75 and 8.68 with S D of 4.02 and 3.84.

Simlarly supranormal males and fenal es showed nean val ues of
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3.33 and 7.43 with S.D of 4.87 and 2. 49. The mean val ues for

speech were higher conpared to nean val ues of phonation.

Table XIX and graph 19 and results of statistical
analysis slow a significant difference for phonation and
speech between nornmal nmales and females at .05 (T = .042 at

.05 level).

Tables XIX and graph 19 show no significant difference
for phonation and speech between normal nal es and supranornna
males (T = .142, .402), supranornmal males and females (T =
.346, .116) and supranornmal and normal females (t = .528,

.061) at 0.05 Ilevel.

Table XIX : Show ng nean, standard devi ation and range for
normal males normal females, supranormal nale and
supranormal fermale for the paraneter Co-efficient
of anplitude variation

Mean S. D Range
phonati on 3.75 4. 02 9.27
NV
speech 48. 57 11. 84 21.83
phonati on 8 .68 3.84 12. 69
NF
speech 33.11 8.53 13. 37
phonati on 3.33 4. 87 5.92
SNM

speech 40 .82 5.12 27. 47




4.41

phonati on 7.43 2.49 8. 45
SNF
speech 50. 29 10.01 27.76

Exam nation of nean values indicate higher values for
speech in males and females of both groups conpared to

phonation. This result 1is discussed under the paraneter

ShdB.

Exam nation of "I" values denonstrate a simlar trend,
seen in the paraneter ShdB. The hypothesis stating that
there is no significant difference between nornmal and
supranormal both males and fenmales has been partly accepted
and partly rejected. The hypothesis stating that there is no
significant difference between nales and fenmales of nornmal

and supranormal groups has been accept ed.
Noi se to Harnonic Ratio (NHR)

The nmean, Sd and range for NHR are presented in the
tables XX for normal males, normal fenales, supranormal nmales

and femal es respectively and in graph 20.

Mean values for normal nmales and fenmales were 0.16 and
0.19 with S D of 0.05 and 0. 14. Simlarly supranormal nales
and femal es showed nean values of 0.16 and 0.11 with S D of

0.03 and 0.01.
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Tabl es XX and graph 20 and results of "t' test show a
significant difference for phonation and speech between

supranormal nmales and females (T = .009 at .05 | end).

Tables XX and graph 20 show no significant difference
for phonation and speech between normal nmales and females (T
= .916, .347), normal males and supranormal males (T = 1.0,
.142) and supranormal and normal females (T = .138, .293) at
0.05 | evel.
Table XX : Show ng nean, standard devi ation and range for
normal mal es normal fenmales, supranormal nmal e and

supranornal female for the paraneter Noise to
Harnonic ratio

Mean S. D Range

phonati on 0.16 0. 05 0.12
NM

speech 0.26 0. 02 0.11

phonati on 0.19 0.14 0.33
NF

speech 0. 32 0.11 0.23

phonati on 0.16 0.03 0.11
SNM

speech 0.32 0.14 0. 26

phonati on 0.11 0. 00 0.04
SNF

speech 0.26 0.02 0.17
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When conparing the nmean values and "T" values of NHR for
phonation and speech. The nmean values for sentences were
slightly hither than then values for phonation. However
statistical analysis don't show a significant difference for

mal es and femal es of both groups for phonation and speech.

Therefore the null hypothesis stating that there is no
significant difference between the two groups - normal and
supranormal in terns of the paraneter NHR in both nmales and
femal es is accepted. The hypothesis stating that there is no
significant difference between males and fenales of nornal

and supranornmal groups has been accept ed.

Review of Iliterature reveals that there has been no
studies conparing the paranmeters NHR, VTl and SPI in nornmal
and supranormal groups. Therefore the results of the present
study could not be conpared. The present study shows that
there is no significant difference between the groups nornal

and supranormal in terns of the above nentioned paraneters.
Voi ce Turbul ence Index (VTI):

Voi ce Turbul ence Index (VTlI) nostly correlates with the
turbul ence caused by inconplete or |oose adduction of the
vocal folds. It analyses high frequency conponents to

extract an acoustic correlate to "breathi ness".
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Mean values for normal males and fermales were 5.80 and
with SD 2.95 and 4.12 for phonation. For speech the nean
values were 0.13 and 0.20 with SD of 0.06 and 0.09
Simlarly supranormal males and females had nean val ues of
6.0 and 4.02 with S D of 3.21 and 0.03 for phonation and for
speech the nean values were 0.16 and 0.28 with an S D of 0.04
and 0. 18. The nmean values for phonation were higher than

that of speech in all the four groups.

Tables XXI and Gaph 21 and results of statistical

anal ysis reveal no significant difference for phonation and

speech between normal nales and females (T=585, . 753),
bet ween normal and supranormal nmales (T = .915 . 525),
bet ween supranormal nmales and females (T = .66, .917),
bet ween normal and supranormal females (T = .189, .834) at
.05 | evel.

Table XXI : Show ng nean, standard deviation and range for

normal males normal femal es, supranormal nmale and
supranormal female for the parameter Voice
turbul ance index

Mean S. D Range

phonati on 5.80 2.95 0.10
NM

speech 0.13 0. 06 0.18
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phonati on 5. 80 4.12 0. 07
NF

speech 0. 20 0. 08 0. 62

phonati on 6.0 3.21 0.10
SNM

speech 0.16 0. 04 0. 17

phonat i on 4 .02 0.03 0. 63
SNF

speech 0. 28 0.18 0.56

On conparison of the mean and "T'values of VTI for

phonation and speech, it was found that nean values of

phonation were significantly higher than that of speech for

mal es and femal es of both the groups.

Therefore, the null hypothesis stating that there is no
significant difference between the two groups - normal and
suptranormal in terns of the paraneter VIl in both nmales and
femal es is accepted. The hypothesis stating that there is no
significant difference between males and fermales of normal

and supranormal groups has been accepted.

Soft Phonation Index (SPl)

The nmean, SD and range of the SPI are presented in Table
XXI'l for normal males and females and supranormal males and
femal es respectively and in graph 22. The nmean, S D and

range for supranormal fermales were found to be the highest
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for speech, their values being 28.15, 10.53 and 27.92
respectively. This was followed by normal males (24.03, 6.84
and 15.74), Normal females (23.51, 10.18 and 25.92) and
supranormal males (20.73, 5.49 and 12.88).

Tables XXIl and graph 22 and results of statistical

anal ysis reveal no significant difference for phonation and

speech between normal males and females (T = .465, .602),
bet ween normal nmal es and supranormal males (T = .295, .402),
bet ween supranormal males and females (T = .917, .173),
bet ween supranormal and normal females (T = .674, .528) at
0.05 level.

Table XXII : Show ng nean, standard deviation and range for

normal males normal fermales, supranormal nmale
and supranormal female for the parameter soft
phonati on i ndex

Mean S. D Range
phonati on 8.02 3.74 7.08
NM
speech 24.03 6 .84 15. 74
phonati on 9.24 4. 17 10. 40
NF
speech 23.51 10. 18 25.92
phonati on 14. 67 10. 66 26. 03
SNM

speech 20.73 5.49 12. 88
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phonati on 11. 92 4.62 9.55
SNF
speech 28. 15 10. 53 27.92
+ In the present study, when conparing the nean val ues

and "T" values of SPI for phonation and speech it was found
that in the case of speech production, the nmean val ues were
hi gher when conpared to phonation, for nmales and fenal es of
both the groups. However there was no significant difference

seen between the normal and supranornmal group.

Thus, the null hypothesis stating that there is no
significant difference between the two groups nornal and
supranormal in terns of SPI in males and fenales has been
accepted. The hypothesis stating that t here i's no
significant difference between males and females of nornmal

and supranornmal groups has been accepted.

Frequency Trenor Intensity Index (FTRI):

It is defined as the average ratio of the frequency
magni tude of the nost intensive Ilow frequency nodulating
conponent to the total frequency magnitude of the analyzed
voi ce signal. The nmean, SD and range are presented for
normal nal es, nor mal femal es, supr anor nal mal es and

supranormal fermales in tables XXIII and in graph 23.
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The mean values for speech were higher conpared to
phonation for all the groups. Normal nales and fenal es had
mean values of 5.24 and 4.94 with S D of .11 and 1.91.
Simlarly supranormal males and fenales had mean val ues of

2.92 and 5.06 with S.D of 2.17 and 3. 78.

Tabl es XXI 11 graph 23 and results of statistical
analysis reveal no significant difference for phonation and
speech between normal nales and females (T = .916, .113),
bet ween supranormal nmales and females (T = .207, .173),
bet ween normal and supranormal males (T= .068, 0.213), nornal

and supranormal females (T = .093, .528) at .05 |evel.

Table XXXI'I'l : Show ng nean, standard devi ation and range for
normal males normal females, supranornmal male
and supranor nmal female for the paraneter
frequency trenor intensity index.

Mean S.D. Range
phonati on .32 11 .25
NV
speech 5.24 1.91 4.35
phonati on .38 .10 .27
NF
speech 4.94 .71 4. 67
phonati on .34 .13 .33
SNM

speech 2.92 2.17 5.75
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phonati on .25 .16 .38

SNF
speech 5.06 3.78 9.61

In the present study, when conparing the nmean val ues and
"T" values of FTRI for phonation and speech it was indicated
that for normal males and ferales the nmean val ue of sentence
was hi gher when conpared to phonation. Simlar findings were
seen in the supranormal group. The results of this paraneter
has been discussed under FFTR The hypothesis stating that
there is no significant difference between nornal and
supranormal both males and females has been accepted. The
hypot hesis stating that there is no significant difference
between males and females of normal and supranormal groups

has been accept ed.

The findings in normal group is in accordance with the

findings of Anitha (1994).

Review of literature, however reveals that there has
been no studies conparing FTRI in normal and supranornmal
subjects. Therefore the results of the present study could

not be conpared.
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Amplitude Trenor Intensity Index (ATRI):

The nmean, SD and range for ATRI are presented for the
four groups i.e., normal nmales, normal females, supranornal

mal es and supranormal females in tables XXIV and in graph 24.

Mean values for supranormal females for phonation and
speech were highest (2.72 and 15.40) with S D of 2.07 and
7.61 respectively. The range was highest for normal nmales
(23.06) with nean value of 13.57. the nmean values for
phonation ranged from .93 for supranornmal nales to 2.72 for

supranornmal femal es.

Exam nation of Tables XXIV graph 24 and results of
statistical analysis reveal no significant differences for

phonati on and speech between normal nales and females (T =

.251, .754) between normal and supranormal males (T = .056,

.402), between supranornmal males and females (T = .528,

.116), between supranormal and nornmal females (T = .674) at

0.05 | evel.

Table XXIV : Showi ng nean, standard deviation and range for
normal males normal females, supranornmal nale
and supranor nal femal e for t he par anmet er

amitude trenor intensity index.

Mean S. D Range

phonati on 1.40 1. 06 2.41
speech 13. 57 9. 06 23. 06

NM
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phonati on 1.93 0. 98 2.63
NF

speech 12. 61 1.18 4.91

phonati on .93 . 05 .63
SN\M

speech 11.61 5. 68 13.91

phonati on 2.72 2.07 4. 63
SNF

speech 15. 40 7.61 18. 84

Conmparison of the nean and 'T  values of ATRI for
phonation and speech indicated that the nean values for
sentences were significantly higher than that of phonation in
mal es and femal es of both the groups. The hypothesis stating
that there is no significant difference between normal and
supranormal both males and females has been accepted. The
hypot hesis stating that there is no significant difference
between males and fenales of normal and supranormal groups

has been accept ed.
Degree of Voice Breaks (DVB):

It is defined as ratio of the total Ilength of areas
representing voice breaks to the tine of the conplete voice

sanple. It neasures the ability of the voice to sustain
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uni nterrupted voi ci ng. The normative threshold is zero
because a normal voice during the task of sustained voice,

does not show any voice break areas.

The nmean values for phonation for all the groups were
"0" but for speech the nean values were high for supranorna
mal es (44.71) followed by normal males (43.46) supranornal

femal es (41.32) and normal fermales (34.54).

Table XXV and graph 25 and results of statistical
analysis slow no significant difference for phonation and
speech between normal nmales and females (T = 1.0, .077),
bet ween normal and supranormal males (T = 1.0, .834), between
supranormal males and females (T = 1.0, .402), between
supranormal and normal females (T = 1.0, .059) at 0.05 |evel.
Tabl e XXV : Showi ng nean, standard deviation and range for

normal males normal females, supranormal nale

and supranornmal fenmale for the paraneter degree
of voice breaks.

Mean S. D Range
phonati on 0. 00 0. 00 0. 00

NM
speech 43. 46 3.70 9.34
phonati on 0. 00 0.00 0.00

NF

speech 34.54 7.34 17. 82
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phonati on 0. 00 0. 00 0. 00
SNM

speech 44 .71 4. 46 10. 28

phonat i on .00 0. 00 0. 00
SNF

speech 41 .32 4.86 12. 96

A conparison of the mean values and 'T' values of DVB
for phonation and speech it was found that the nmean val ue of
DVB for speech was higher than that for phonation in cases of
normal males and fenal es the nean val ues of supranormal males
and females for sentences were also higher when conpared to

phonati on of vowels.

It was seen that the "degree of voice breaks in nmales
and females of both the groups were nore in sentence than in
phonation. THi s could be due to the presence of pause in the
speech sanple which increases the value of degree of voice

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

The hypothesis stating that there is no significant
di fference between normal and supranormal both nmales and
femal es has been accepted. The hypothesis stating that there
is no significant difference between males and fenales of

normal and supranormal groups has been accepted.
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Degree of Sub Harnonic Conponents (DSH):

It is defined as the relative evaluation of sub harnonic
to Fo conponents in the voice sanple. The mean, SD and range
for DSH are presented in the tables XXVI for normal nmales,
normal fermales, supranormal males and supranormal females.
Al'l subjects showed nean values of 'O0' for phonation and
speech except for normal females who had a nmean val ue of 1.90

for speech with S D of 0.40.

Tabl e XXVI and graph 26 several no significant
difference for phonation and speech between normal males and
females (T = 1.0, .054), between nornmal and supranormal males
(T =12.0, 1.00, between supranormal nales and females (T =
1.0, 1.0) and between normal and supranormal females (T =

1.0, .054) at 0.05 |evel.

Tabl e XXVI : Showi ng nean, standard deviation and range for
normal males normal females, supranormal male
and supranormal fenmale for the parameter DSH

Mean S. D Range
phonati on 0.00 0.00 0. 00

NM
speech 0. 00 0. 00 0.00
phonati on 0. 00 0. 00 0. 00

NF

speech 1.90 0.40 0. 88
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phonat i on 0.00 0. 00 0. 00
SNM

speech 0. 00 0. 00 0.00

phonat i on 0.00 0. 00 0. 00
SNF

speech 0. 00 0. 00 0. 00

The nmean values and 'T" values of DSH for phonation and
speech on conpari son showed no difference was seen in any of

the groups.

Therefore, the hypothesis stating that there is no
significant difference between the two group normal and
supranormal in terns of the paraneter DSH in both males and
femal es is accepted. The hypothesis stating that there is no
significant difference between males and fenmales of normal

and supranormal groups has been accept ed.

Degree of Voicel ess (DW):

Degree of Voiceless (DW) is the estimated relative
eval uation of non-harnonic areas in the voice sanple. Tabl e
XXVIl represents the mean, SD and range of DUV for nornal
mal es and females, supranormal nmales and fenales. Mean

val ues for phonation were '0' for all subjects but the nean
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val ues for speech were nore for supranormal nmales (85.03)
foll owed by supranormal females (82.46), normal mal es (80.04)
and normal females (73.77) wth S D of 3.85 6.64, 4.98 and
4.67 respectively.

Tables XXVII and graph 27 and statistical analysis
reveal no significant difference for phonation and speech
bet ween normal males and females (T = 1.0, .175), between
normal mal es and supranormal males (T = 1.0, .209), between
supranormal males and females (T = 1.0, .600 0) between norna

and supranormal fermales (T = 1.0, .0560 at 0.05 I|evel.

Table XXVI1 : Show ng nean, standard deviation and range for
normal males normal fenales, supranormal nmale
and supranormal fermale for the paraneter DU

Mean S.D. Range
phonati on 0. 00 0. 00 0. 00
NM
speech 60 .04 4 .98 12. 35
phonat i on 0. 00 0. 00 0. 00
NF
speech 73 .77 4 .67 11. 40
phonat i on 0. 00 0. 00 0. 00
SNM

speech 85.03 3.85 10. 80
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phonat i on 0.00 0. 00 0. 00

SNF
speech 82. 46 6. 64 16. 90

The above results show that the degree of voicel ess was
hi gher for sentence than in the phonation of vowels in all
the four groups normal nmales, normal females, supronornal
mal es and supranormal fenal es. This 1is because of the
presence of pauses in between the words in the speech sanple
but in phonation this is not so. However there was no
significant difference between both the groups for males and
femal es, there by accepting the null hypothesis that "There
is no significant difference between the two groups nornal
and supranormal in terns of the paraneter DU in both males

and fenal es.

The hypothesis stating that there is no significant
di fference between mal es and f emal es of nor mal and

supranormal groups has been accepted.

Nurmber of Voi ce Breaks (NVB):

Nunber of Voice Breaks (NvB) is the nunber of tines the
fundanmental period was interrupted during the voice sanple.
The nmean, SD and range are presented in the table XXVIIl and

in graph 28.



.5 Fa
DEGREE OF VOICELESS

BN roOUY SDUV

GRAPH - 27

NUMBER OF VOICE BREAKS

#

Bl FNYE SNVB



4.58

Normal males and fenmales had nean values of 2.73 and
3.40 wwth S D of 1.06 and 0.96 for speech. Simlarly
supranormal males and fenmales had nean values of 2.20 and
2.46 with S D of .44 and .60. Mean val ues of phonation were

0" for all the four groups.

Tabl e XXVI 1| and graph 28 showed no significant
difference for vowels and between normal males and females (T
= 1.0, .458) between normal and supranormal nmales (T = 1.0,

.371), between supranormal nmales and females (T = 1.0, .572),

bet ween normal and supranornmal females (T = 1.0, .110) at
0.05 level.
Table XXVII1 : Show ng nmean, standard devi ation and range for

normal males normal females, supranornmal male
and supranormal fermale for the paranmeter NVB

Mean S. D Range
phonati on 0. 00 0.00 0.00
NM
speech 2.73 1. 06 2.67
phonati on 0. 00 0. 00 0.00
NF
speech 3.40 . 96 2. 34
phonati on 0. 00 0. 00 0. 00
SNM

speech 2.20 .44 1.00
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phonati on 0. 00 0.00 0.00
SNF
speech 2.46 . 60 1.33
The nunber of voice break areas in the phonation of
vowel s were zero, but: in sentence it was present. THis is

because speech sanple has pauses in between the words which
in creases the value of "nunber of voice breaks" and this is

not so in the case of phonation.

Moreover there was no significant difference seen
bet ween both groups for males and fenal es accepting the null
hypot hesis "There is no significant difference between the
two groups normal and supranormal in ternme of the paraneter
NVB in both males and fenales. The hypothesis stating that
there is no significant difference between nmales and females

of normal and supranormal groups has been accept ed.

Nunmber of Sub Harnonic Segments (NSH):

The mean, SD and range of NSH are presented in the
tabl es XXI X and graph 29. The nmean values for all the four
groups were '0' for phonation and speech except for nornal
females who had a nean value of 0.33 with S D of 0.20 for

speech, which was al so near to '0' val ue.
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Tables XXI X and graph 29 and results of statistical
analysis show no significant difference for phonation and
speech between normal nmales and females (T=1.0), nornmal nmnales
and supranormal males (T = 1.0, 1.0), between supranorna
mal es and females (T = 1.0, 1.0), between nornmal and

supranormal females (T = 1.0, .053) at 0.05 | evel.

Table XXI X : Show ng nmean, standard deviation and range for
normal males normal fermales, supranornal nale
and supranormal female for the paranmeter NSH

Mean S. D Range
phonati on 0. 00 0.00 0. 00
NM
speech 0.00 0. 00 0. 00
phonati on 0. 00 0. 00 0. 00
NF
speech .33 . 20 1. 06
phonati on 0. 00 0. 00 0. 00
SNM
speech 0. 00 0. 00 0. 00
phonati on 0. 00 0. 00 0. 00
SNF
speech 0. 00 0.00 0.00

There was no difference seen in the mean valves for
phonati on and speech in both groups for nales and fenal es and
T values indicate no significant difference between both

groups for males and fenal es.
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Thus the hypot hesi s stating t hat "There IS no
significant difference between the two groups-normal and
supranormal in terns of the paraneter NSH in both nmales and
femal es" is accepted. The hypothesis stating that there is
no significant difference between nmales and fenmales of norma

and supranormal groups has been accept ed.

Nunber on Unvoi ced Segnents (NWV) %

Number on Unvoiced Segnents (NW) neasures the ability
of the voice to sustain uninterrupted voicing or occurance of
pauses or breaks in voicing. Event hough it was expected to
find Unviced segnents in speech, it was consi der ed
interesting to note the degree of wunvoicing in speech in
normal s and supranornal . Therefore this paraneter was

studied in speech al so.

Tabl e XXX shows the nean values of normal nmales and
females to be 68.80 and 57.60 with S.D of 5.09 and 10.26 for
speech. Supranormal nmales and fenmales had nean val ues of
63.13 and 69.73 wth S D of 13.09 and 4.49. The nean val ues

for phonation were '0' for all groups.

Table XXX and graph 30 and results of statistical
anal ysis show no significant difference for phonation and

speech between normal males and females (T = 1.0, . 036)
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bet ween normal and supranormal males (T = 1.0, .530), between
supranormal males and females (T = 1.0, .389), between norm
and supranormal fermales (T = 1.0, .060) at 0.05 |evel

Tabl e XXX : Show ng nean, standard devi ation and range for

normal mal es normal females, supranormal male and
supranornmal fermale for the paraneter NUV

Mean S. D Range
phonati on 0. 00 0.00 0.00
NM
speech 68 . 80 5.09 11. 67
phonati on 0.00 0.00 0.00
NF
speech 57.60 10. 26 24. 00
phonati on 0. 00 0.00 0.00
SNM
speech 63 .13 13 .09 13.34
phonati on 0. 00 0. 00 0.00
SNF
speech 69. 73 4 .49 12 .67

Exam nation of the nmean values and "T" wvalues for
phonation and speech indicate that the nean values for speech
were higher than that of phonation. The reason for this

di fference is discussed under the parameter DUV.

However, "T" values indicate no significant difference
bet ween both groups for males and females in terms of the

paranet er NUV studi es.
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Thus the null hypothesis stating that "there is no
significant difference between the two groups - nornmal and
supranormal in terns of the parameter NUV in both males and
femal es” is accepted. The hypothesis stating that there is
no significant difference between males and femal es of nornal

and supranornmal groups has been accepted.

Opt i num Frequency (CF)

The mean, Sd and range for the four groups (nornma
mal es, normal fenmales supranormal nmal es, supranornmal fenales)
are presented in table XXXI and graph 31 respectively. Mean
val ues of normal males and females were 132.13 and 248. 13 and
t he supranormal group showed values close to that of the
normal group with males having a value of 131.49 and fenales
248.63. The S. D of normal nales was 23.33 followed by norma
femal es (18.79), supranormal fenales (14.51) and supranor nal

mal es (9.34) .

Exam nation of tables XXXI and graph 31 reveal that
there is significant difference for optinum frequency between
normal males and females (T = .000) and supranormal mal es and

females (T = .001) at .05 l|level as expected.

Exam nation of tables XXXI and graph 31 reveal that

there is no significant difference for optinum frequency
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bet ween normal nales and supranor nal males (T = .372) and
supranormal females and normal females (T = .965) at 0.05
| evel

This was basically because optinmum pitch was neasured
based on natural frequency of vocal tract which were norm
in both the groups.

Table XXXI: Table showing nean, SD and Range of optinmm

Frequency for  nornal mal es, nor mal femal es,
supranormal mal es and supranormal fenales

mean S D Range
NM 132.13 23.33 78
NF 248. 91 18. 79 66. 95
SNM 131. 49 9.34 33. 69
SNF 248. 63 14.51 31.16

Exam nation of the nean values and 'T" val ues show that
the mean values for fermales of both the groups were higher

than that of the numl es.

However there was no significant difference seen between
both the groups for males and fenales though there was a
significant difference seen between nales and femal es of both

the groups.

Thus the null hypothesis stating that "There is no
significant difference between the two groups normal and
supranormal in terns of the paraneter of in both males and

femal es is accept ed.
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However, the null hypothesis stating that there is no
significant difference between the two groups nmales and
females in terns of the parameter OF in nornal and

supranornmal group is rejected.

Vital Capacity (VO

The nean, SD, and range for VC for the four groups
(normal mal es, normal femal es, supranormal mal es, supra
normal fermale) are presented in table XXXII and graph 32

respectively.

Mean values for normal males and females were 2700 and
2043.33 with S D of 785.32 and 432.96. Supranormal mal es and
femal es had nean values of 3100 and 2250 with S D of 672.42
and 474. 34. The range was highest for the males (2400) of
both groups and least for the supranormal female group (1200)
These results are simlar to the reports by earlier

i nvesti gators.

Table XXXI'l and graph 32 and result of statistical
anal ysis show a significant difference for vital capacity
bet ween normal nmales and fermales (T=.010 at 0.05 level) as

expect ed.
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However, the null hypothesis stating that there is no
significant difference between the two groups males and
ferales in ternms of the parameter OF in normal and

supranormal group is rejected.

Vital Capacity (VO

The nean, SD, and range for VC for the four groups
(normal mal es, normal femal es, supranornmal mal es, supra
normal female) are presented in table XXXII and graph 32

respectively.

Mean values for normal nmales and fenales were 2700 and
2043.33 with S D of 785.32 and 432.96. Supranormal nales and
femal es had mean values of 3100 and 2250 with S.D of 672.42
and 474. 34. The range was highest for the males (2400) of
both groups and least for the supranormal female group (1200)
These results are simlar to the reports by earlier

i nvestigators.

Table XXXIl and graph 32 and result of statistical
anal ysis show a significant difference for vital capacity
between normal males and fermales (T=.010 at 0.05 level) as

expect ed.
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Table XXXIl and graph 32 and result of statistical
anal ysis show no significant difference for vital capacity
bet ween normal males and supranormal males (T=.278 at 0.05

l evel ).

The results of statistical analysis showed a significant
difference for vital capacity between supra normal males and
females (T7=.028 at 0.05 level) as in case of nornals.
Further it also revealed no significant difference for vital
capacity between supra nornmal fermales and normal fenales

(T=.333 at 0.05 |evel).

Table XXXI'l : Table show ng nean, SD and Range of Vital
Capacity for normal nmales, nornal fenales,
supranormal mal es and supranormal fenal es

mean S D Range
NM 2700 785. 32 2400
NF 2043 .33 432. 96 1500
SNM 3100 672.42 2400
SNF 2250 474 .34 1200

Exam nation of nean values and 'T' vaslues show that the
nmean values for nmales were greater than that of females in

bot h groups as has been reported by several investigators.
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"T" values show that the paraneter VC between nmal es and

femal es of both the groups were significantly higher.

This finding is in accordance with the findings of
Kri shnamoorthi (1984), Nataraja and Rashm (1984), Nataraja
(1987).

Therefore, the hypothesis stating that there is no
significant difference between the two groups normal and
supranormal in terns of the paraneter VC in both males and

femal es is accept ed.

However, the hypothesis stating that there is no
significant difference between the two groups neales and
females in terns of the paraneter OF in nornal and

supranormal group is rejected.

Mean Air flow Rate (MAFR)

The nmean, SD, and range for VC for the four groups
(normal mal es, normal females, supranornal nmales, supra
normal fenmale) are presented in table XXXIII and graph 33

respectively.

Normal males and fenml es had nean values of 132.13 and

143.23 with S D of 23.33 and 18.21. Supranormal nmal es and
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femal es had nmean values of 128.27 and 145 with S D of 18.41
and 16.79. The range was highest for nornmal males (78) and
| owest for supranormal females (37). These results are

simlar to the reports nade by earlier investigators.

Exam nation of tables XXXIII and graph 33 and result of
statistical analysis reveal that there is no significant
di fference for MAFR between normal and supranormal males (T =
0.61), between supranormal males and females (T = .060),
bet ween normal and supranormal females (T7=.930) at 0.05

| evel .

Table XXXI'Il and graph 33 and result of statistical
anal ysis show a significant difference for MAFR between

normal males and fenales (T=.048) at 0.05 |evel.

Table XXXI'l1: Table show ng nean, SD and Range of MAFR for
normal mal es, normal fermales, supranormal nales
and supranormal fenmales.

mean SD Range
NM 132. 13 23.33 78
NF 143. 23 18. 21 66
SNM 128. 27 18. 41 58
SNF 145 16. 79 37

"T" values show that significance difference for MAFR i s
seen only between normal nales and normal ferales but this
difference is not seen for males and females of the
supranormal group. Significant difference doesn't exist

bet ween both the groups for males and fenal es.
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The hypothesis stating that there is no significant
di fference between normal and supranormal both nmales and
femal es has been accepted. The hypothesis stating that there
is no significant difference between males and females of

normal and supranornmal groups has been accepted.

Maxi mum Phonati on Duration (MPD)

The nean, SD, and range for VC for the four groups
(normal mal es, normal fenal es, supranorrmal males, supra
normal female) are presented in table XXXIV and graph 34

respectively.

Mean val ues of nmaxi num phonation duration for norma
mal es and females were 19.07 and 14.47 with S D of 5.57 and
1.88. Supranormal nales and fernal es had nean val ues of 20.67
and 13.24 with S D of 4.94 and 1.09. The range was hi ghest

for males (18) of both groups followed by normal fenmales (6)

and supranormal females (2) . These results are simlar to
those reported by several earlier investigators. (Nat ar aj a,
1987) .

Exam nation of tables XXXIV and graph 34 reveal that
there is significant difference for MPD between normal nmales
and females (T = .007) and supranorrmal mnmales and females (T =

.003) at .05 |evel.
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Table XXXIV and graph 34 and result of statistical
anal ysis show no significant difference for MD between
normal and supra normal male (T=0.252) and supranormal and

normal fenmales (T=.136) at 0.05 |evel.

Tabl e XXXI'V: Table showing nean, SD and Range of MPD for
normal mal es, nornmal fenmales, supranormal nmnales
and supranormal femnales

mean S D Range
NM 19. 07 5. 57 18
NF 14. 47 1.88 16
SNM 20. 67 4.94 17
SNF 13. 24 1. 09 2

Mean val ues show greater values for males conpared to

femal es of both the group.

However, 'T val ues don't indicate a significant
di fference between nornmal and supranormal group for nales and
femal es but there is significant difference between mal es and

femal es within each group.

Therefore, the null hypothesis stating that there is no
significant difference between the two groups normal and
supranormal in ternms of the paraneter MPD in both males and

females is a accepted.
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However, the null hypothesis stating that there is no
significant difference between the tw groups nales and
females in ternms of the paraneter MPD in nornal and

supranormal group is rejected.

S2 ratio

The nean, SD, and range for SZ ratio for the four
groups (normal nmales, normal females, supranormal males,
supra nornmal female) are presented in table XXXV and graph 35

respectively.

Mean values for normal nales and fenmales were 1.01 and
1.06 with S D of .003 and .20. Simlarly supranormal nales
and females had nmean of 1.03 and .96 with S D of .002 and
.002. Simlar results have been reported by earlier

investigators (Nataraja, 1987).

Exam nation of tables XXXV and graph 35 and result of
statistical analysis reveal t hat there is significant
difference for §2 ratio between normal males an females (T =
0.852)., between normal and supra nornmal nmales (T = 0.442),
between normal and supra normal nales and females (T =
0.096), and between nornmal and supra normal fermales (T =

0.431) at 0.05 |evel.



S/Z RATIO

0.4

sz

GRAPH - 35




4.72

Tabl e XXXV: Tabl e showi ng nean, SD and Range of S Z ratio for
normal mal es, normal fenmales, supranornal nales
and supranormal fenales

nmean S D Range
NV 1.01 . 003 .24
NF 1. 06 .20 . 67
SNM 1.03 . 002 .25
SN\F .96 .00 .19

Mean value indicate that there is no difference in

values in both groups for nmales and fenal es.

The findings in the normal group is in accordance wth

the results obtained by Sreedevi (1988).

Comparison of wvital capacity and maxi mum phonation
duration between normal groups and  supranor nal groups
reveal ed that there is no significant difference between the
groups in ternms of vital capacity and nmaxi mum phonation
duration. This is in accordance with the study done by
Sheela (1974) who reported no significant difference in vital
capacity and maxi mnum phonasi on duration between trained and

untrai ned singers.

Thus out of the paraneters studied the follow ng showed

significant difference.
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Nor mal s Supr anor mal s Normals v/s Supranormals
M v/s F M v/s F M vis M F vis F

Fo Fo No significant LFo

To To di fference was

HFo HFo seen in any of

LFo LFo t he paraneters

STD STD

SHdB FFTR

APQ APQ

SAPQ NHR

VAM O

OF VC

VC MPD

MAFR

MPD

The study of above table showed that the differences
between males and fermales, both in normal and supranornal
speakers were found only on paraneters of f undanent al
frequency and related paraneters. Further only vital
capacity and M P.D. had shown differences. These differences
were based on the anatony of the laryngeal and respiratory
system Oherwise it <can be concluded that there were
differences in the way in which the males and fermal es, both

normal supranormal were using their speech system

As the results have shown, there was no singificant
di fference between the normals and supranormals in term of
the parameter studied. Therefore it has to be concl uded that
either the paraneters are not sensitive enough to show the

variations from normals or the stage actors who were
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variations from normals or the stage actors who were
consi dered as supranornmal speakers, or these speakers are not

really using the speech systemdifferently from the nornal.

The first possibility in ruled out as these paraneters
have been found to be useful in differentiating normal from
dysphoni cs or voice disorders including mld voice disorders.
Therefore one is forced to conlude that they stage actors
studied did not have enough training to use their speech
systemdifferently from normal or may be efficiently. The
results of the study warrants the need for speech training

for stage actors for better use of their speech system
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SUMVARY AND CONCLUSI ON

In the present st udy, acoustic and aer odynam c
paraneters of normals and supranormals, were studied in an
attenpt to note the difference between normal and supranor nal

speakers in terns of these paraneters.

The acoustic paraneters were obtained using "Milti-
D nensi onal Voice Progranme" (Kay Elenetrics). The

aer odynani ¢ paranmeters were neasured using the Expirograph.
ACOUSTI C PARAMETERS

| . Frequency Paraneters:

1. Average Fundanental Frequency
2. Average Pitch Period

3. Highest Fundanental Frequency
4. Lowest Fundanmental Frequency

5. Standard Deviation of Fo.

6. Phonatory Fo range in Senitones
7. Fo trenor Frequency

8. Absolute jitter

9. Jitter Percent
10. Rel ative average perturbation
11. Pitch Perturbation Quotient
12. Snoot hed pitch perturbation quotient
13. Fo Trenor Intensity I ndex
14. Fundanental Frequency variation
15. Optinmum Frequency



16.

17.
18.

19.
20.
21.
22.

23.
24,
25.
26.
27.
28.
29.
30.
31.

32.

33.

Intensity parameters:

Amplitude Tremor frequency
Shimmer in dB

Shi mmer percent

Amplitude perturbation Quotient
Peak amplitude variation
Amplitude tremor intensity index

Smoot hed Amplitude perturbation

Ot her parameters

Noi se to Harmonic Ratio

Voice Turbulence Index

Soft Phonation |ndex

Degree of voice Dbreaks

Degree of Sub Harmonics

Degree of voiceless

Number of voice breaks

Number of subharmonic segments

Number of wunvoiced segments

Aerodynam c Parameters

Vital capacity
Mean Airflow Rate

5.2
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34. WMaxi num Phonati on Durati on

35. SYZ ratio.

Al the thirty five paraneters were neasured in a group
of 30 normals (15 nmales and 15 fermales) and a group of 30
stage actors who were considered supranormal speakers (15
mal es and 15 females). The results were subjected to

statistical analysis using SPSS conputer progranmre.

Analysis of the resluts showed that the follow ng
paranmeters showed singificant difference between the two

groups-normal and supranormal (both nmales and fenal es).

Aver age fundanental frequency (Fo)

Average Pitch Period (To)

H ghest Fundanental Frequency (HF0)

Lowest Fundanental Frequency (LFo)

St andard Devi ati on of Fundanental Frequency (STD
Anpl i tude Perturbation Quotient (APQ

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

Vital Capacity (VO

© ® N o o & w N P

=
o

Maxi mum Phonation Duration (MPD

=
[ERN

Opt i mum Fr equency

No significant difference was found in any of the other

paranmeters between the normal and supranonral group for both
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mal es and femal es.

On conparing t he par anet ers bet ween nor mal and
supranormal group for both males and females it was found
that there was a significant difference in terns of the
paraneter Lowest Fo between normal females and supranormal

femal es. No other paraneter showed significant difference.

CONCLUSI ON

1. The speech systens were used differently by the nales and
females of both the groups-nornmal and supranormal, as
shown by the differences in frequency and related
paraneters. Vital capacity and Maxi num phonati on duration

al so showed differences.

2. The stage actors (supranormal group) studied were not

using their speech system differently from the nornal

group.

RECOMVENDATI ON

Need for speech training for stage actor for better use

of their speech systens is warranted.
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APPENDI X

The definitions considered in the present study are

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

Aver age fundanental frequency (Fo) /Hz/:

Average value of all extracted peri od-to-period

fundamental frequency val ues Voice break areas are excluded.

Fo is conputed from the extracted period-to-period

pitch data as:

Fo = - 2 E
N 3=1
o 1
VWhere, Fo ' = - period-to-period fundanental
i frequency
To , i=l,2,.. Nextracted pitch period data

N=PER nunber of extracted pitch peri ods.

Hi ghest fundanental frequency (HFo) - /HZ/:
The greatest of al | extracted peri od-t o- peri od

fundanmental frequency values. Voice br eak ar eas are

excluded. It is conputed as

Fhi = Max {Fo‘’}, i=l,2, .. N



Lowest fundanental frequency (LFo) - /Hz/:

The lowest of all extracted peri od to peri od

It is conputed as:

Flo =nin {Fo("}, i=l,2, ;.. N

The | owest fundanental within the defined period is

extracted and di splayed as Flo. However, the pitch extracted

range is defined to either search for periods from 70-625 Hz
or 200-1000 Hz. Therefore, the 'high range wll not

determ ne a fundamental under 200 Hz.

Standard Devi ation of Fundanental Frequency (STD)-/Hz/:

Standard deviation of all extracted period-to-period

fundanmental frequency values. Voice br eak ar eas are

excl uded.

To', i=l, 2,.. Nextracted pitch period data
N = Nunber of extracted pitch peri ods.

Ponat ory Fundanmental Frequency Range (PFR):/ Semn tones/
The range between Fhi and Fl o expressed in nunber of

semtones. The ratio of two consequentive sem-tones 1is

equal to 12th root of 2.



First all frequencies of sem tones Fst™® -f,

k=I, 2, .. are conputed within the frequency range 55Hz to
1055 Hz.
VWere a [

f, = 55Hz, f, =1055Hz and f; Fst® f,.

Fo- Trenor Frequency (FFTR) /Hz/:

The frequency of the nost intensive |owfrequency Fo-
nmodul ating conponent in the specified Fo-trenor analysis
range. If the corresponding FTRI value is below the

specified threshold, the Fftr value is zero.

The nmethod for frequency trenor analysis consists of

the follow ng.

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

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

apply.

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

downsanpling at 400 Hz.

2. Calculation of the total energy of the resulting

si gnal .



3. Subtraction of the DC conponent.

4. Calculation of an auto correlation function on

t he residue signal.

5. Division by the total energy and conversion to

(9.

6. Extraction to the period of variation.

7. Calculation of Fftr corresponding to the period

of wvariation found.

B. Conputation of the average auto correlation curve

and average Fftr for all processed w ndow.

Anpl itude Trenor Frequency (FATR) - [ Hz/:

The frequency of the npbst intensive |owfrequency
anpl i tude nodul ating conponent in the specified anplitude
trenmor analysis range. If the corresponding ATRI value is

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

The met hod for anplitude trenor analysis consists of

the foll ow ng.



A. Division of the peak-to-peak anplitude data at 30Hz
and down sanpling to 400Hz

1. Calculation of the total energy of the resulting

si gnal .
2. Subtraction of the DC conponent.

3. Calculation of an autocorrelation function of

t he residuence signal.

4. Division by the total energy and conversion to

5. Extraction of the period of variation.

6. Calculation of Fatr corresponding to the period

of wvariation found.

B. Conmputation of the average autocorrelation curve

and average Fatr for all processed w ndows.

T(Sam) :

Length of analysed voice data sanple /sec/.

Absolute Jitter (Jita) - /Usec/:

An eval uation of the period to period wvariability of
the pitch period within the analyzed voice sanple. Voice

break areas are excluded. Jita is conputed as:



Vi

ML ) by |

> | Te'"'=To

Wiere To (7, i=1,2,.. N extracted pitch period data.
N=Nunber of extracted pitch peri ods.

Absolute Jitter neasures the very short-term (cycle-

to-cycle) irregularity of the pitch periods in the voice

sample. This neasure is wdely wused in the research

literature on voice perturbation (lwata and Vonl eden 1970).

It is very sensitive to the pitch variations occuring

bet ween consecutive pitch periods. However, pitch extraction

errors may affect absoluted jitter significantly.

The pitch of the voice can vary for a nunber of

reasons, cycle-to-cycle irregularity can be associated wth

the inability of the vocal <cords to support a periodic

vibration for a defined period. Usually this type of

variation is random They are typically assoicated wth

hoar se voi ces.

Both Jita and Jitt represent evaluations of the sane

type of pitch perturbation. Jita is an absolute neasure and

shows the result in mcro-seconds which makes it dependent

on the average fundanental frequency of voice. For this

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

pitch are difficult to conpare.

Jitter Percent (Jitt) /9%:

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

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

as
1 N—-1
I >:— D{l}—TO(lJ!
N-] i=1
i o I o e
- (1)

Jitter percent nmeasures the very short term (cycle-
to-cycle) irregularity of the pitch period of the voice.
Jitt is arelative nmeasure and the influence of the average

fundamental frequency of the subject s significantly

r educed.

Rel ati ve Average Perturbation (RAP) /% :
Rel ati ve eval uation of t he peri od-to-peri od

variability of the pitch within the analyzed voice sanple
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with smoothing factor of 3 periods. Voice breaks areas are

excluded. It is conputed as:

sl g S B
i=]
To(i), i=l, 2, Nextracted pitch period data
N=PER- No. of extracted pitch peri od.

Rel ati ve Average Perturbation nmeasures the short-term

(cycle-to-cycle wth snoothing factor of 3 peri ods)

irregular ity of the pitch period of the voice. The
snoot hing reduces the sensitivity of RAP to pitch extraction
errors. However, it is less sensitive to the very short-term

period-to-period variations, but describes the short-term

pitch perturbation of the voice very well.

The pitch of the voice <can vary for a nunber of

reasons, cycle-to-cycle irregularity can be assoicated wth

the inability of the vocal cords to support a periodic

vibration with a defined period. Hoarse and/or breathy

voi ces may have an increased RAP.

Pitch period perturbation quotient (PPQ /% :

Rel ati ve eval uati on of t he peri od-to-period

variability of the pitch within the analyzed voice sanple



with a snmoothing factor of 5 periods. Voice break areas are

excl uded. PPQ i s conputed as,

Where, To (i), 1=1,2.. N-extracted pitch period data
N=PER- No. of extracted pitch peri od.

PPQ neasures the short-term (cycle-to-cycle wth a
snmoothing factor of 5 periods) irregularity of the pitch
period of the voice. The snoothing reduces the sensitivity
of PPQto pitch-extraction errors while it is less sensitive
to period-to-period variations, it describes the short-term
pitch purturbation of the voice very well. Hoarse and/or

breathy voices may have an increased PPQ

Snmoot hed Pitch Period Perturbation Quotient (SPPQ /9% :

Rel ative evaluation of the short or long term
variability of the pitch period within the analysed voice
sanpl e at snoothing factor defined by the user. The factory

setup for the snmoothing factor is 55 periods. Voice break

areas are excl uded.



Were, To , i=l, 2, .. Nextracted pitch period
N=No. of extracted pitch period
Sf =Snoot hi ng factor.

SPPQ al l ows the experinenter to define his own pitch

perturbation neasure by changing the snmoothing factor from 1l

to 99 periods. This is desirable because in the scientific

literature researchers use pitch perturbation neasures wth
different snoothing factors or w thout snpot hing.
Wth a small snmoothing factor, SPPQ is sensitive

nostly to the short-term pitch variation of the voice

i mpul ses. Wth a smpoothing factor of 1 (no snoothing), SPPQ

is indentical to Jitter Percent (Jitt). It is very sensitive
to the pitch variations occuring between consecutive pitch
periods. Usually this type of variation is random It s

typical for hoarse voices. However, pitch extraction errors

may affect jitter percent significantly.

Wth a snoothing factor of 3, SPPQis identical to the

Rel ative Average perturbation introduced by Koi ke (1973).
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Wth a snoothing factor of 5, SPPQis identical to the

pitch perturbation quotient introduced by Koi ke and

Cal catera (1977).

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

in case of regular Jlong-term pitch variations (frequency

voi ce trenors).

The SPPQ snoothing factory setup is 55 periods. This
set up allows using SPPQ as an additional evaluation of the
frequency trenors in the voice. The intensity and the
regularity of the frequency trenors can be assessed using
SPPQ (55) in conmbination with VFo. The difference between
VFo and SPPQ (55) is that VFo represents a genera
eval uati on of the fundamental frequency (pitch) variation of
the voice signal. The VFo value increases regardless of the
type of pitch variation. Either random or regular short-term
or long-termvariations increase the value of VFo. However
SPPQ (55) is nore sensitive to regular long-term variations

with a period near and above 55 pitch periods. If both SPPQ
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(55) and VFo are low, the intensity of pitch variations in

the voice signal is very low |If VFo is high but SPPQ55) is
low, there are ptich variations but not a |ong-term periodic
one. |If both SPPQ(55) and VFo are high, there is a long-term

periodic pitch variation (nost likely a frequency trenor).

Co-efficient of Fo Variation vFo /% :
Rel ati ve standard devi ation of t he f undanent a
frequency. It reflects, in general, the variation of Fo

(Short to long-term, wthin the analysed voice sanple.

Voi ce break areas are excl uded.

Fo(l) = “;?T - Period-to-period Fo val ues

To , i=l, 2, .. Nextracted pitch period data
N = Per, Nunber of extracted pitch peri ods.

VFo reveals the variations in t he f undanent a
frequency. The VFo value increases regardles of the type of

pitch variation. Either random or regular short-term or
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| ong-termvariations increase the value of VFo. Because the

sust ai ned phonation normative thresholds assune that the fo

should not change, any variations in the f undanent a

frequency are reflected in VFo. These changes could be

frequency trenors or non-periodic changes, very high jitter

or sinply rising a falling pitch over the analysis |ength.

Shimer in dB (ShdB) /dB/:

Evaluation in dB of the period-to-period (very short-

term variability of the peak-to-peak anplitude wthin the

anal yzed voi ce sanple. Voice break areas are excluded. ShdB

is conmputed as,

= |
f

Where, A), i=1,2,.. N - extracted peak-to-pea

anpl i tude
N=No. of extracted inpul ses.

Shimrer in dB neasure the very short termCycle - to

cycle) irregularity of peak-peak anplitude of the voice.

This neasure is wdely used in the research Iliterature on

voi ce perterbation (Ilwata & Von Ileden 1970) It is very
sensitive to the anplitude variation occuring bet ween
consecutive pitch periods. However, pitch extraction errors

may affect shinmer percent significantly.
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The anplitude of the voice can very for a nunber of

reasons. Cycle to-cycle irregularity of anplitude can be

associated with the inability of the vocal folds to supports

a periodic vibration for a defined period & wth the

presence of turbulent noise in the voice signal usually,

this type of variation in random It is typically associated

with hoarse and breathy Voices. APQ is the preferred

measur enent for Shinmer because it is less sensitive to

pitch extraction errors while still providing a reliable

i ndication of short-term anplitude varaibility in the voice.

Both Shim & ShdB are rel ati ve eval uati ons of the sane

type of anplitude perturbation but they wuse different

measures for the result-percent and dB.

Shi nmer percent (%:

Rel ative evaluation of the period-to period (Very

short term variation of the peak-to peak anplitude wthin

the anal yzed voi ce sanple. Voice break neans are excluded.

Were A (i), i=l,2,... Nextracted peak - to -peak anplitude
N = nunber of extracted inpul ses



Shi mmer percent neasure the very short term (cycle-to

cycle) irregulatity of the peak-to-peak anplitude of the

Voi ce.

Amplitude Perturbation Quotient (APQ (%B
Rel ative evaluation of the period-to-period variation,
variability of the peak to peak anplitude wthin the

anal yzed voice sanple at snothing of 11 periods. Voice break

areas are excluded.

1 f
. {

=1

A

N-4

Where A (i), i=l,2,... Nextracted peak - to -peak anplitude
N = nunber of extracted inpul ses

APQ neasures the short-term (cycle-to-cycle w th snoothing
factor of 11 periods) irregularity of the peak-to peak
anplitude of the voice. Wiile it is less sensitive to the

period -to period anplitude variations it still describes



the short-term anplitude perturbation of the voice very well
breathy & hoarse voice usually have an increased APQ APQ

should be regarded as the preferred easurenent for shinmer

in MDVP.

Snoot hed Anplitude Perturbation Quotient (SAPQ /% :

Rel ative evaluation of the short or | ong-term
variability of the peak-to-peak anplitude W t hin t he
anal yzed voice sanple at snmoothing factor defined by the
user. The factory set-up for the snoothing factor is 55
periods (providing relatively long-term variability;, the
user can change this value as desired).

Voi ce break areas are excl uded.

______ - - ‘7A EY. o
-Sf+l i=1 ] =0
‘l L
~ %— (1
N 1=l
Were, A", i=1, 2, .. Nextracted peak-to-peak

anpl i tude dat a.
N = No. of extracted inpul ses.

Sf= Snoot hing factor.

SAPQ allows wuser to define their own anpl i tude
perturbation nmeasure by changing the snoothing factor from1l

to 99 peri ods.
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Co-efficient of Anplitude Variation (VvAMW /% :

Rel ati ve standard deviation of peak-to-peak anplitude.

It reflects in general the peak-to-peak anplitude variations

(short to long term wthin the anal yzed voice sanple,

Voi ce
break areas are excl uded.

VAm is conputed as ratio of the standard deviation

to
the average value of the extracted peak-to-peak anplitude
data as.
|"_| _‘_'_‘—‘..'--]‘"' N —
: .Eg:__ / : T “rl—"}—\{I \o
.L"'-_. L
\/N =L N 35
VAmM = -

VAm reveals the variations 1in the cycle-to-cyle
anplitude of the voice. The VAm value increases regardless

of the type of anplitude variation.

Ei t her random or regul ar
short-term or

|l ong-term variation increase the value of VAm

Noi se-to Harmonic Ratio (NHR

Average ratio of the inharnonic spectral energy in

the frequency range 1500-4500 Hz to the harnonic spectra

range 70-4500Hz. This
eval uation of Noice present

energy in the frequency IS genera

in the analyzed signal.
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NHR is conmputed using a pitch synchronous frequency

domain nmethod. In general terns, the algarithm functions as

foll ows:

A)

Di vides the analyzed single into windows of 81.92 ns(4096
points at 50 KHz sampling rate or 2048 at 25 KHz) For
every wi ndows thefollow ng steps apply

1) Low pass filtering at 6 KHz (order 22) wth Hanmm ng
wi ndow, down sanmpling of the single data down to
125KHz and conversion of the real signal into an
anal ytical one using the Hilbert transform

2) 1024 points conplex fast fourier Transform FFT) on the
anal ytical signal corresponding to a 2048 - points FFT
on real data.

3) Calculation of the power spectrum fromthe FFT.

4) Cal cul ation of the average fundanental frequency wth
in the wi ndow synchronously with the pitch extraction
results.

5) Hornmoni c/inhornonic seperation of t he current
spectrum synchronously with t he curent w ndow
fundanental frequency.

6) Conputation of the noice-to- hornmonic ratio of the
current window. NHR is the ratio of the inhornonic

(1500-4500Hz)- to the har noni ¢ spectral ener gy

(70- 4500 Hz) .
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B) Conputes the average values of NHR for all previously

processed w ndows.

| ncreased values of NHR are interpreted as increased

spectral noice which can be due to anplitude and frequency

variations (ie., Shinmrer & jitter) Turbulent noice, sub-

hor noni ¢ conponents and or breaks which affects NHR globally

nmeasures the noise in the signal (includes contributions of

jitter, shimrer and turbul ent noise).

Voi ce Turbul ence Index (VTI):

Average ratio of the spectral i nhar noni c hi gh

frequency energy in the range 2800-5800 Hz to the spectra

harnonic energy in the range 70-4500 Hz in areas of the

signal where the influence of the frequency and anplitude

variations, voice breaks and sub harnonic conponents are

mnimal. VTl measures the relative energy Ilevel of high-

frequency noi se.

VTl is conputed using a pitch synchronous frequency

domain nethod. The algorithm consists of the follow ng

st eps:

A. Selects up to four but atleast two 81.92 nsec

Wi ndows wher e t he frequency and anpl i t ude



perturbations are lowest for the signal. These
wi ndows are Jlocated in different areas of the

signal and don't include voice breaks and sub-

har noni ¢ conponents.

For every wi ndow, the follow ng steps apply:

1. Lowpass filtering at 6KHz.

2. Down sanpling 12.5 KHz.

3. Conversion of the real signal to analytical one.

4. Conputation of a 1024 points conplex f ast
fourier transform on the anal ytical signal.

5. Conputation of power spectrum fromthe FFT.

6. Calculation of the average fundanental frequency
within the w ndow.

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

8. Conputation of the VTI for every wi ndow, VTI is
the ratio of the spectral inharnonic hi gh
frequency energy (2800-5800 Hz) to the spectra

har moni ¢ energy (70--4500 Hz) .

B. Calculates the average VTl values for all processed

wi ndows. VTI neasures the relative energy Level of

hi gh-frequency noi se.
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VTl nostly correlates with the turbul ence caused by
i nconplete or |oose adduction of the vocal folds. VTI,
unli ke NHR, analyses high frequency conmponents to extract an
acoustic correlate to "breathiness”". However, it is unlikely

that users will find a one-to-one correspondence between

their perceptual inpression of a voice and this acoustic

anal ysis. However, VII is a new attenpt to conpute a
parameter which correlates with breathiness. Because VIl is

a new parameter, normative values cannot be found in the

professional literature.

Soft Phonation Index (SPIl):

Average ratio of the |ower-frequency harnonic energy
in the range 70-1600 Hz to the higher frequency harnonic

energy in the range 1600-4500 Hz.

SPI is conmputed using a pitch synchronous frequency

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

A. Divides the analysed signal into w ndows of

81- 92Ms.

For everyone of these wi ndows, the following steps

apply:



1. Lowpass filtering at 6KHz order 22 wi th Hamm ng

wi ndow, down sanpling of the signal data down to

12.5Hz and conversion of the real signal into

anal ytical one using Hlbert transform

2. 1024 points conplex fast fourier transform on

t he anal ytical signal

3. Conputation of the power spectrum from the FFT.
4. Calculation of the average fo within the w ndow

synchronously with the pitch extraction results.

5. Harnonic/inharnonic separation of the current

spectrum synchronously wth the current w ndow

fo.
6. Conputation of SPI of the current wi ndow. SPl is

a ratio of the lower-frequency (70-1600 Hz) to
the higher frequency (1600-4500Hz) har noni ¢

ener gy.

B. Conmputes the average values of SPI for al

previously processed w ndows.

SPI can be thought of as an i ndi cator of how

conpletely or tightly the vocal folds adduct during

phonation. Increased value of SPI is generally an indication

of loosely or inconpletely adducted vocal folds during
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phonation. However, it is not necessarily an indication of a

voice disorder. Simlarly, patients with "pressed" phonation

may |ikely have a "normal" SPI though their pressed voice

characteristic nmay not be desirable. Therefore, a high SPI

value is not necessarily bad, nor a low SPI val ue

necessarily good. Subjects with glottal chinks (determ ned

stroboscopically) or with high phonatory air flow rates
often exhibit an increased SPI. Spectral analysis will show
a well defined higher formants when SPI is Ilow, and |ess

wel | defined when SPI is high.

SPI is very sensitive to the vowel formant structure

because vowels with |lower high frequency energy will result

in higher SPI, only values conmputed for the same vowel can

be conpared.

Increased SPI  values may be due to a nunber of
factors. The subject may have a "soft" phonation because of
a voice or speech disorder and may not be able to strongly
adduct his vocal folds. However, the subject may naturally

speak with a softer "attack" and hence have an el evated SPI.

Psychol ogical stress <could also be a factor that may

increase SPI. Another inportant factor is the anplitude of

t he sustained vowel. I|f the subject phonates softly, SPlI nmay

be hi gh.
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Frequency Trenor Intensity Index (FTRI) /%:
Average ratio of the frequency magnitude of the nost
i ntensive |owfrequency nodul ati ng conponent (Fo-trenor) to

the total frequency magni tude of the analyzed voice signal.

The nmethod for frequency trenor analysis consists cf

the foll ow ng steps:

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

1. Lowpass filtering of the Fo data at 30Hz and
downsanmpling at 400 Hz.

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

3. Subtraction of the DC conponent.

4. Calculation of an autocorrelation function on
the residue signal.

5. Division by total energy and conversion to
per cent .

6. Extraction of the period of variation.

7. Calculation of Fftr and Ftri corresponding to

the period of variation found.



B. Conputation of the average autocorrelation curve

and average FTRI for all processed w ndows.

The algorithm for trenor analysis determnes the
strongest periodic frequency and anplitude nodulation of
voi ce. Trenor has both frequency and anplitude conponents
(ie., the fo may vary and/or the anplitude of the signal nmay
vary in a periodic manner). Trenor frequency provides the
rate of change with Fftr providing the rate of periodic
trenor of the frequency and Fatr providing the rate of
change of the anplitude. The programw ||l determ ne the Fftr
and Fatr of any signal if the magnitude of these trenors is
above a |low threshold of detection. Therefore, the nagnitude
of the frequency trenor and the magnitude of the anplitude

trenor are nore significant than the respective frequencies

of the trenor.

Amplitude Trenor Intensity Index (ATR) /%:
Average ratio of the anplitude of the npbst intense
| ow-frequency anplitude nodul ati ng conponent to the total

anpl i tude of the analyzed voice signal.

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

consi deration instead of fo data.
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Degree of Voice Breaks (DVB) /% :

Ratio of the total length of areas representing voice

breaks to the time of the conplete voice sanple.

Were, t;, t, .. t,-lengths of the 1st, 2nd..
voi ce break.

TSam - length of analyzed voice data sanples.

DVB does not reflect the pauses before the first and
after the last voiced areas of the recording. It nmeasures
the ability of the voice to sustain wuninterrupted voicing.
The normative threshold is 'o because a normal voice,
during the task of sustaining voice, should not have any
voi ce break areas. In case of phonation wth pauses (such
as running speech, voice breaks, delayed start or earlier

end of sustained phonation), DVB evaluaties only the pauses

bet ween the voiced ar eas.

Degree of Sub-harnonic Conponents (DSH) /% :

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

in the voice sanple.

DSH is computed as a ratio of the nunber of
autocorrel ation segnents where the pitch was found to be
sub-harnonic of the real pitch (NSH to the toal no. of

autocorrel ati on segnments.
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The degree of sub harnonic conponents in normal voices
shoul d be equal to zero. It is expected to increase in
voi ces where double or triple pitch periods replace the
fundamental in certain segnments over the analysis |ength.
These effects are typical for diplophonic voices and voices
with glottal fry. The experinmental observation of patients

with functional dysphonia or neurogenic voice disorders may

show i ncreased val ues of DSH

Degree of Voiceless (DW) /% :

Estimated relative eval uation of non- harnoni ¢ areas

(where Fo cannot be detected) in the voice sanples.

DWVV is conputed as a ratio of the nunber of
autocorrel ati on segnents where an unvoi ced deci sion was nade

to the total nunber of autocorrelation segnent.

DW neasures the ability of the voice to sustain
uninterrupted voicing. The normative threshold is )
because a normal voice, in the defined task of sustaining
voi ci ng, should not have any voicel ess segnents. |In case of
phonation with pauses (such as running speech, voice breaks,

del ayed start or earlier end of sustained phonation), DWW
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al so eval uates the pauses before, after and/or between the

voi ced areas.

Nunmber of Voice Breaks (NVB):
Nunber of tinmes the fundamental period was interrupted

during the voice sanple (neasured from the first detected

period to the | ast period).

NVB does not reflect the pauses before the first and

after the last voiced areas of the recording. However, |ike

NUV, it nmeasures the ability of the voice to sustain

uninterrupted voicing. The normative threshold is 'O
because a nornmal voice, during the task of sustaining voice,
shoul d not have any voice breaks. In cases of phonation wth
pauses (such as runni ng speech, voice breaks, delayed start

or earlier end of sustained phonation), NVB evaluates only

t he pauses between the voiced areas.

Nunber of Sub-Haxnonic Segnents (NSH):

Nunmber of autocorrelation segnents where the pitch was

found to be a sub-harnonic of Fo.

The nunber of Sub-harnonic conponents in normal voices

should be equal to zero. It 1is expected to increase in
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voi ces where double or triple pitch period replaces the
fundamental in certain segnents over the analysis |ength.

These effects are typical for diplophonic voices and voices

with glottal fry.

Nurmber of Unvoi ced Segnents (NUV):

Nunber of unvoiced segnents detected during t he.

aut ocorrel ati on anal ysi s.

NWV nmeasures the ability of the voice to sustain
uninterrupted voicing. The normative threshold is 'O
because a normal voice, in the defined task of sustaining
voi ci ng, should not have any voicel ess segnents. In case of
phonation wi th pauses (such as running speech, voice breaks,
del ayed start or earlier end of sustained phonation) NW

eval uaties al so the pauses before, after and/or between the

voi ced areas.

Total Number of Segnents (SEG):

Tot al nunber  of segnent s conput ed duri ng t he

aut ocorrel ati on anal ysi s.

Nunber of Pitch Periods (PER):

Nunmber of pitch periods detected during the voice

sanpl e.



