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CHAPTER- |

INTRODUCTION

The principle means of human communication is speech, which has
evolved over many centuries to become the rich and elaborate structure of
today. "Speech is the form of communication in which the transmission of
information takes place by means of speech waves which are in the form of
acoustic energy. The speech waveform are a result of interaction of one or

more source with the vocal tract filter system™ (Fant, 1960)

"Voice is one component of speech. Human voice is an important
vehicle for communication and intrinsic linguistic and grammatical features of

stress and intonation in speech. Voice and speech are exclusively human

attributes (Greene, 1964).

Voice has been defined as "the laryngeal modulation of the pulmonary
airstream, which is further modified by the configuration of the voca tract”.
(Brackett, 1971). An attempt has been made by Natargja and Jayaram (1975) to
review the difinitions of normal voice criticaly. They have concluded that
each of the available definitions of voice have used subjective terms, which are
neither defined nor measurable. They have suggested the possibility of
defining good voice operationally as the good voice is one which has optimum

frequency as its fundamental (habitual) frequency.

Voice plays an important role in speech and language. The production
of voice is a complex process. It depends on the synchrony between the
respiratory, the phonatory and the resonatory system which in turn requires
precise control by the central nervous system. Hirano (1981) states that,
"during speech and singing the higher centres including the speech centres in
the cerebra cortex control voice plroduction and al the activities of the centra
nverous system are finaly reflected in muscular activity of the voice organs'.

Because of the interdependance of the respiratory, phonatory and the



resonatory systems during the process of voice production, disturbance in any
one of the systems may lead to deviant or abnormal voice-quality. Such a
disorder may cause social, economic and psychological problems to the
individual with the voice disorder. Since voice plays amgor role in speech and
communication, it needs to be constantly monitored and in the event of
abnormal functioning of voice. An immediate assessment should be undertaken
which would lead to the diagnosis. It not only helps one to identify the voice

disorder but also acts as an indicator for the treatment and management to be

followed.

The ultimate am of studies on normdity and abnormality of voice
assessement and diagnosis of the voice disorder is to enforce a procedure which
will eventually bring back the voice of an individua to norma or optimum
level. There are various means of anlyzing voice, developed by different
workers to note the factors which are responsible for creating an impression of

aparticular voice. (Hirano, 1981; Natargja, 1979; Rashmi, 1985).

Many researchers have used several methods for the evaluation of voice.
But Hirano (1981) stated that there is no agreement regarding the findings.
Moreover, there have been no extensive studies on analysis of voice parameters
in voice disorders in Indian population except for a study by Jayaram 91975)
which provides preliminary information regarding the voice and its disorders
and an extensive study by Natarga (1986) regarding the differentia diagnosis
of dysphonics.

The present study was undertaken to measure various parameters in
normals and dysphonics and to determine the factors contributing to normality

and abnormality of voice and to identify constituents of these factors and their

relationship.

The parameters considered for the study are :

Aerodynamic parameters :
1. Vital capacity



Mean airflow rate

Phonation quotient

Voca validity index
Maximum phonation duration
SZ ratio.
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Acoustic Parameters :
7. Fundamental frequency in phonation.
8. Fundamental frequency in speech
9. Optimum frequency.
10. Extent of fluctuations in fundamental frequency in phonation.
11. Speech of fluctuations in fundamenta frequency.
12. Extent of fluctuation in intensity.
13. Speed of fluctuation in intensity.
14. Frequency range in phonation.
15. Intensity range in phonation.
16. Frequency range in speech.
17. Intengity rante in speech.
18. Rising time in phonation.
19. Falling time in phonation.

Spectral Parameters :
20. Ratio of intensities between 0-1 kH, and above 1 - 5 kH,.
21. Ratio of intengities of harmonics and the noisein 2 - 3 kH,.

22. Frequency of first formant.
Hypothesis :

1. There is no dignificant difference in terms of these
parameters between the subjects of norma group and

dysphonic group.



2. There is no dgnificant difference between males and
femaes both (8 in norma and (b) Dysphonic groups in

terms of these parameters.

3. There is no sgnificant difference between different factors

in normal and abnormal voice.

Brief Methodology

The study consisted of a group of dysphonics (30 males and 30 females)
and a group of normals (30 males and 30 femaes). Both groups were in the
age range of 16 to 45.

All the parameters were measured for each subject using the same
procedures. Using appropriate statistical methods the groups have been
compared and results have been discussed. The dysphonic group consisted of
subjects with different types of voice disorders diagnosed clinically by Speech
Pathologists like 'Spastic dysphonia, puberphonia, low pitched voice, high

pitched voice and hoarseness.

Implications of the Study :

The study helps in identifying the factors contributing to norma and
abnorma voice and to determine constitutents of these factors and their
relationship. Thus the study provides clinically ussful method of differentiating
between normal and abnormal voice.

Limitations :
1. The study has been limited to 60 dysphonics and 60 normal subjects.

2. It was considered that the parameters studied would be sufficient to
differentiate normals and dysphonics and different types of dysphonics.

Other parameters were not included.
3. Only limited types of dysphonias have been studied.

4. The age range of the subjects was limited to 16-45 years.



CHAPTER - I
REVIEW OF LITERATURE

Voice is the musical sound produced by the vibration of the voca
cords in larynx byair from the lungs. Normally voice plays the musically
accompaniment to speech rendering it tuneful pleasing, audible and coherent
being essential to efficient communication by spoken word (Greene 1964).
The act of speaking is a very specialized way of using the vocal mechanism.
The act of singing is even more so. Speaking or singing demand a
combination or interaction of the mechanism of respiration, phonation,

resonance and speech articulation (Boone, 1983).

The underlying basis of speech is voice "Voice plays the musica
accompaniment to speech, rendering it tuneful, pleasing audible and coherent,
and it is an essentia feature of efficient communication by the spoken word"
(Greene, 1964). It is wel known that voice has both linguistic and non-
linguistic functions in any language. Voice is the carrier of speech.
Variations in voice in terms of pitch and loudness, provide rhythm and aso
break the monotony. At the semantic level also voice plays an important role.
The use of different pitches, high and low, with the same string of phonemes
would mean different tilings. Speech prosody-the tone, the intonation and the
stress or the rhythm of language is a function of voca pitch and loudness as

well as of phonetic duration.

Perkins (1971) has identified at least five non-linguistic functions of
voice. Voice can revea speaker identify i.e, voice can give information
regarding sex, age, height and weight of the speaker. Lass, Brong, Ciccolella,
Walters and Maxwell (1980)report several studies which have shown that it
was possible to identify the speaker's age, sex, race, socio-economic status,

social features, height and weight based on voice.

Voice has also been considered to be reflecting the physiological state
of the individual. For example, a very weak voice may indicate that the



individual may not be keeping good health, or a denasal voice may indicate
that the speaker has common cold. Apart from this, it is a well known fact
that voice basically reflects the anatomical and physiological conditions of
the respiratory, phonatory and resonatory systems, i.e., deviation in any of

these systems may lead to voice disorders.

The quality of voice may become important for certain professionals,
for example, radio/TV announcers, actors and singers. The term voice has
been defined by Michel and Wendahl in 1971 as "The laryngeal modulations
of the pulmonary airstream, which is then further modified by the

configuration of the vocal tract.

There have been controversies regarding what is normal voice? and
who has an abnormal voice ? At present it is difficult to find a comprehensive
definition of 'normal voice'. West, Ansberry and Carr (1957) offter the
following criteria for normal voice "Adequate loudness, clearness of the tone,
pitch appropriate to the age and sex, a dight vibrato and a graceful and
constant inflection of pitch and force which follows the meaning of what is
spoken”. They dstate that the departure from these norms should be
considered abnormal. On the other hand, Van Riper and Irwin (1963) date
that "Voice can vary widely with respect to pitch, loudness and quality
without appearing abnormal and the concept ofnorma voice may be related to
cultural preferances, age and sex as well as to socid and economic status'.
Both the above definition are found to be vague and ambiguous. This

ambiguity in the usage of the terms has percolated to the classification of

voice disorders.

Many classifications of voice disorders have been put forth based on
different points of view. (Froschels, 1940, Broadnitz, 1959, Greene, 1964,
Murphy, 1964, and Moore, 1971). Mysak (1966) has classified the voice

disorders into the following categories.

1. Phonatory and resonatory disorders of infraglottal origin.



2. Phonatory and resonatory disorders of glottal origin.
3. Phonatory and resonatory disorders of supraglottal origin.

Under the first category, Mysak (1966) includes the problem of vocal
weakness which according to him is caused by inadequate subglottie air
pressure. Vocal cord paralysis, voca nodules and laryngectomy are included
in the second category while complexes associated with deficits of
velopharyngea closure finds a place in the last category Sokoloff (1966) has

given a classification of voice disorders which includes the following :

Phonatory problem due to hyper function.
Phonatory problem due to hypofunction.

Phonatory problem due to abnormal resonance, (Supraglotta
cavities)

The first category includes harsh and hoarse voice, pitch disorders, the
second category consists of breathiness, hysterical aphonia etc., while the last
category includes hypo and hypernasality. A similar classification of hypo
and hyperfunction has been employed by Froschels (1940) and Broadnltz
(1959). With reference to this classification, Boone (1983) comments that
"athough not without merit, this classification (hyper and hypo function) if
used excessively, oversmplifies the complexities of laryngea pathologies,
placing excess emphasis on the degree of approximation of the voca edges

rather than one the multiple causes of such approximation deficits'.

A classfication based on etiology have been employed by many
(Moore, 1971, Van Riper and Irwin, 1958). The problems which are
perceived as abnormal pitch, loudness or quality may be directly related to
the mechanisms of the respiratory, phonatory and resonatory systems. When
there is a voice disorder it would mean that one or more of the systems ie,,
respiratory, phonatory and resonatory, is or are not functioning normal either

because of structural or physiological conditions or due to faulty learning.



Boone (1977) classifies voice disorder based on changes in voca fold
mass-size and approximation. This is "based on the fact that normd
phonation requires proper mass size adjustments and that the two voca folds
approximate one another optimaly aong their entire length".  This
classfication is aso consdered as eversmplification of the larynged
function (Morris and Spriestersbach, 1978, Aronson, (1980). Pannbacker
(1984) dfter reviewing these classification states that there is considerable
overlap between these classifications, as the laryngeal structure and function
and perceptual attributes are interrelated. Thus none of the classficatory

systems fulfill the rigorous criteria of a scientifically effective classification.

The clinica examination of voice disorders traditionally, includes
taking case history, physica examination of organs involved in voice
production and perceptual evauation of various aspects of voice. Wilson
(1979) considers analyzing the voice as an important step in the management
of voice disorderes in children and adolescents. He states that "the voice
analysis is done in detal adapted to the type of problem presented.
Following this, the goals of therapy are listed, the voice therapy schedule
planned and prognosis assigned. He used a five-point voice profiling scae.
Buffado Il voice profile is used by the speech -language pathologist and the
client to arrive at ratings of voice used at various places. This profile consists
of 10 factors starting from laryngeal tone to overal voice rating. It consists
of factors like pitch, loudness, nasal and ora resonance, breath supply and
muscle tension. If the client is rated more than two on factors of vocal abuse
in the voice profile further rating is done using Buffalo 11 voice abuse profile.
Similarly, if the client shown any presence of nasal resonance than another
profiles., Buffao Il Resonance profile, is used for further rating. Apart from
these profiles he aso recommends the use of §Z ratio and maximum

phonation duration to assess the cases.

Fritzell and Hammerberg (1977) anadyzed different terms used to

describe the voice using factor analysis and have arrived at five different



factors, which are bipolar. They consider that it would be possible to

describe various voice qualities using these five factors. The factors used are:
1. Steady - unstable.

Breathy - overtight

Hypokinetic - hyperkinetic

Light - coarse

Chest - head register.
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They analyzed voice samples of 17 cases with various voice disorders
with the help of 14 judges, who rated the voice samples based on the five
factors. They conclude that "the five factors turned out to be valid for voice

perception of this sample of pathological voices. This makes us optimistic for

further research".

Michel and Wendahl (1971) consider voice as a multidimensional
series of measurable events, implying that a single phonation can be assessed
in different ways. They present a tentative list of twelve parameters of voice,
"most of which can be measured and correlated with specific perceptions,
while other are most elusive and difficult to talk about in more than ordinal
terms'. The twelve parameters listed by them are :

Vital capacity

Maximum duration of controlled sustained blowing.
Moda frequency range

Maximum frequency range

Maximum duration of sustained phonation
Volume/velocity airflow during phonation
Glottal waveform

Sound pressure level

Jitter of the vocal signal

Shimmer of the vocal signal

Effort level

Transfer function of the vocal tract.



10

Hrano (1981) describes some clinica examnations which are
specifically or directly related to voice "El ectromyography is a test which
eval uates some of the parameters which regulate the vibratory pattern of the
vocal folds at the physiological level. Aerodynam ¢ measurements deal with
the aerodynam ¢ factors. Procedures including stroboscopy, ultra hi gh-speed
ci nemat ogr aphy and gl ottography are used to exam ne the vibratory pattern of
the vocal folds. Acoustic analysis of voice quantifies the paraneters which
determ ne the acoustic characteristics of the sound generated. Auscul tation
and psychol ogi cal assessnent of the voice deal with the parameters which

relatetothe sound at the psychoacoustic |evel".

Jayaram(1975) made an attenpt to develop a method of differential
diagnosis of dysphonia based on the measurenment of the followng
paraneters i nnormal s and dysphoni cs.

a) Opti mumfrequency

b) Habitual frequency

c) Frequency range

d) Maxi mumphonation duration

e) Mital capacity
f) Meanairflowrate
)

g) Vocal velocity i ndex.

Fromthis study he concluded that these parameters were useful in
differentiating dysphonics from normals and further in differentiating
different types of dysphonics. Ki met al (1982) investigated the significance
of acoustic paraneters extracted fromsound spectrographs in evaluating the
voice of patients with recurrant laryngeal nerve paralysis. This was
undertaken as they found that the "previous studies with the use of a
comput er systemsuggested that the acoustic eval uationis quite prom sing for
differentiating some causative di seases of voice disorders". (Hki et al, 1976,
Kakita et al 1980). They conducted a study based on the report by | mai zum

et al (1980) who found the acoustic paraneters obtained from sound



spectrographs as useful in differentiating pathological voices from normal

VOI Ces.

Ki met al (1982) also anal yzed the vowel |¢ usingthe spectrograph, in
10 voi ces of patients with recurrant |aryngeal nerve paralysis and 10 normal s
to obtain nine acoustic parameters. Sgnificant differences were found
between the control and the diseased groups in terms of fluctuation of
fundamental frequency relative level of higher harmonic conponents',

relative level of noiseandfirst formant frequency.

Yoonet al (1984) studied the voice of patientswthglottic carcinoms,
using the same procedure and parameters. Sgnificant differences were found
bet ween the normal s and patients with advanced carcinomainternms of extent
of frequency fluctuation, speed of frequency fluctuation, extent of anplitude
fluctuations, speed of anplitude fluctuations and relative level of noises.
Their results were simlar tothe results obtained by Ki met al (1982) with the
cases of recurrant laryngeal nerve paralysis. However, "Psychoacoustically,
the voice of a carcinomapatient is clearly different fromthe voice of apatient
with paralysis. W should consider some other sound spectrographic
parameters which reflect the psychoacoustic difference between the two

pathol ogies. (Yoonet al 1984).

But none of these studies have made use of a sufficient number of
parameters in studyi ng dysphonics and tried to differentiate different types of
dysphoni as. M chel and Wendahl (1971) and Hirano (1981) have pointed out
that it isnecessarytouseasmany paraneters of voice as possiblein assessing
voi ce and its disorders. Any study of voi ce must consider the functioning of
the respiratory, phonatory and resonatory systems and it becomes necessary
to consider the parameters whi ch can permt assessnent of the functioning of
the three systens the paranmeters suggested by Mchel and Wendahl (1971)
and paraneters used by I mazui m et al (1980), Ki met al (1982), seemto meet



this criteria These paraneters reflect the functioning of the respiratory,
phonat ory and resonat ory system The paranet ers consi dered were :

(1) Vital capacity

(2) Meanairflowrate

(3) Phonat i on quoti ent

(4) Vocal vel ocity i ndex

(5) Maxi mumphonation duration

(6) SZratio

(7) Fundanent al frequency inphonation.

(8) Fundanment al frequency in speech.

(9) Opt i mumfrequency.

(IQExtent of fluctuationinfundanental frequency
(I')Extent of fluctuationinintensity.

(12) Speech of fluctuationin fundamental frequency.
(13) Speech of fluctuationinintensity.

(14) Frequency range i n phonat i on.

(15) Frequency range i n speech.

(16)Intensity range in speech.

(17)Risingtimein phonation.

(18)Fal ling timeinphonation.

(19)Intensity range in phonati on.

(20)Ratio of intensities above 1 KHz and bel ow1 KHz.
(2nRati o of intensities of harnmonicsandnoisein?2- 3Khz.

Further review woul d show the inportance of each parameter in the
assessnent of voi ce and its di sorders.
Vital Capacity (V.C):

"The maximum volume of ar that can be expired after a deep
inhalationistermedasvita capacity", whichismeasuredinternsc.c.



The amount of air available for an individual for the purpose of voice
production depends upon the vital capacity of an individual. High |ung
vol ume hel ps in sustaining the voice/ speech for a longer duration (Bonhuys,
Proctor and Head, 1966). The measurement of vital capacity is inportant as
it provides an estimate of the amount of ar potentially available for the
production of voice. The nechanical function of lungs as an ar (power)
suppl y source has been tested t hrough the measur ement of vital capacity.

Various factors have been reported to be affecting the vital capacity.
Zem in(1968) hasreportedthat thevital capacity varieswthage, sex, height,
wei ght, body surface area, body build, the amount of exercise and ot her

factors.

Krishnan and Varred (1982) have studied 103 nal es, age ranging from
18to 29 years, fromSouth Indiato obtainvita capacity, standingweight and
hei ght, body surface area, sifting height and chest circunference. They have
reported that the average vital capacity to be|low(2 93 litres). They attribute
this | owvital capacitynot to race and to the war mclinmate, |ess tendency for
exercise | ownet abol i smand poor chest expansion. Jayaram(1975) reported
ameanvita capacity value of 3180 C. Cand 2210 C. C. innormal adult mal es
and femal es respectively. Nataraja and Rashm (1985) have reported the
mean vita capacity for adult males and femal es as 2950 C. C and 1750 C. C.
respectively. Krishnanurthy (1986) reported mean vita capacity val ues for
45 normal mal es and 45 normal females in the age range 18 to 24 years as
3120 C.C. and 2170 C. C. for mal es and fenal es respectively.

Yanagi hara and Koi ke (1967) have related vital capacity to phonation
vol ume; while Hrano, Koike and Von Laden (1968) found a relationship
between vita capacity and maxi mum phonation duration. Yanagihara et.d
(1967) have reported that both the phonation volume and the ratio of
phonation vol ume to vital capacity, decrease as the pitch [evel decreases. A
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correlation between vital capacity and phonation vol ume was reported with

correl ation coefficients ranging from0.59 to 0. 90.

Jayaram (1975) reports that there was no significant difference
bet ween males of the normal and the dysphonic groups but in significant
difference was found between females of the normal and the dysphonic
groups. Thus the measurement of vital capacity woul d help in differentiating

dysphoni cs fromnor mal s.

Mean airflow rate:

The airflowis inportant in bringing about vocal fold vibrations. The
regulation of the airflow is basically involuntary and highly automatic in
ordinary speech, but the public speaker or singer |earns to rely heavily on a

partia control of breathing mechani sm(Boone, 1983).

The aerodynamc aspect of phonation is characterized by four
paraneters; subglottal pressure, supraglottal pressure, glottal inpedance and
the vol ume vel ocity of the airflowat the glottis. The val ue of these parameters
varies during one vibratory cycle accordingto the opening and closing of the
glottis. These rapid variations in the values of the aerodynam c parameters
cannot usually be measured in living human beings because of technical

difficuties. For clinical purposes, the mean value of these paranmeters is

usual |y det erm ned" (H rano, 1981).

The relationship between these parameters is shown as P sub-P-
SUP=MFRx GRwhere Psub i s the mean subglottal pressure; Psub, the mean
supraglottal pressure MFR, the mean airflow rate represented as a unit of
vol ume velocity; and GR, the mean glottal resistance "Srictly speaking, the

"nmean' used here inplies the root mean square (xns) val ue" (Hrano, 1981).

The mean airflowrate i s defined as the vol ume of airflowper unit of

timeie., MR -

Total volune of air flow ng during phonation
Duration of phonation during which volune of airflow was measurec




Hrano (1981) presented the normal values of MFR of adults as
reported by several investigators and he states that "the average val ues of
MFRrange from89 to 141 mm sec. No consistent difference i nMFR has
been observed between the mal es and the females, either during maxi mum
sust ai ned phonati on and the phonation over a confortabl e period, or between
results obtained either with the spirometer or the pneumatograph. In nost
reports, the val ue ranges, approximtely from70to 200 m/sec. The critica
region, which indicates the possible range for the normal population, is
approxi mately from40 to 200 m/sec. It appears reasonable to regard MFR
val ues greater than 200 m/sec, or less than 40 m/sec, as abnormal, as far as

phonationat ahabitual pitchand!oudnessis concerned".

Shigenori (1977) has reported MF Rval ues for school going children,
measured using a spironeter during phonation over a confortable duration.
She found significantly smaller MFRval ues in the first grade children when
conparedw ththe other groups. She has al so reported significant differences
in MF Rbet ween boys and girlsinthe fifth and seventh grades.

The MFRin different pathol ogical conditions or dysphonics have al so
been studied. The MFRin recurrant [aryngeal nerve paralysis, has been
reportedto be morethaninnormals. Suchreports have been made by several
investigators. A tendency of greater MFR has been reported with greater
lateral fixation of the vocal cords. MFR has been considered to be a good
indicator of a phonatory functioninrecurrant [aryngeal nerve paralysis. And
it has also been reported that MFR can be used as a nonitor of treatnent.
(Shigemori 1977).

Shigenori (1977) has reported MFRin 26 cases of sul cus vocalis as
varyingfromb0to 723 m/sec. She has alsoreportedthat it was greater than
200 m/sec, in 12 patients (46% and greater man 300 n/sec in 6 patients
(23% MFRval uesinthe cases of laryngitis have been reported by Shi gemori
(1977). Inmore than 50 %of these cases the MFR val ues in the cases of



vocal nodul es, polyps and pol ypoi d swelling (R nke's edema) of the vocal
cords have been reported (Shigenori, 1977). "In many cases, the val ue of the
MF R exceeds the normal range, butnot as marked as in the cases with
recurrant laryngeal nerve paralysis" (Hrano, 1981). Shigenmori (1977) has
reported a positive relationship between the MF R and the size of the |esion.
Areductioninthe MFRval ue has been found after surgical treatment of the
lesion. AccordingtoHrano(1981), the MFRval uesin the case of tumors of
the vocal fol ds most of whi chareneoplastic, variedfrompatient topatient.

As reported by Hrano (1981) the MF R val ues were within the normal
range in the case of spastic dysphonia and contact granuloma. Jayaram
(1975) reported a significant difference between the dysphonic and nornal
mal es, whereas femal e groups didnot showany significant difference. Thus
the studies have shown the relationship between vocal function and airflow
measurements. They have alsoindicated that the vocal function, normal and
abnormal, can be assessed by the air flowmeasurenents. "The measurement
of the mean flowrate is often done as an out-patient procedure".(H rano,
1981) Rau and Beckett (1984) have devel oped a formula to obtain MFR,
when the PQis known i.e, MFR =77 + 236 PQ. According to Rau and
Beckett (1984) the MF Rcan be estimated using this formula. This has been
found to be valid and reliable. Based on these facts, Krishnanurthy (1986)
made an attenpt to obtain MFR, in 60 adult males and females. He has
concl uded that it was possibleat topredict the vita capacity based on hei ght
and wei ght of the individual and (b) to estinate the MFRfor each individual
using the predicted vital capacity, maxi mum phonation duration and the
formul a given by Rau and Brackett (1984). These predictions were reliable
and valid.  Thus MFR has been found to be a useful paranmeter in

under st andi ng voi ce and its di sorders.
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Phonation quotient (PQ):

An indicator of the voca function is the ratio of vital capacity to
maximum phonation duration. Hirano, Koike and Von Laden (1968) termed
this ratio as phonation quotient. Hirano has defined this as "the vadue
obtained when the vital capacity is divided by the maximum phonation time".

Vital capacity (VC)
Phonation quotient = -------m-mmmmmmmm A high positive
Maximum phonation time(MPT)

relationship between MFR and PQ in normal subjects has been reported by
Hirano et a (1968). The PQ has been considered an indicator of air usage
and can be used when MFR cannot be directly determined as recommended
by Iwata and Von Laden (1970). The total volume of air used during
maximum sustained phonation (PV) is usually less than the vital capacity
(Yanagihara 1967). Therefore, it has been concluded by Hirano (1981) that
PQ is usualy larger than MFR during maximum sustained phonation.

The positive relationship between MFR measured during maximum
sustained phonation and PQ has been confimed by Iwata and Van Laden
(1970) in pathological cases. However, a significant relationship has not been
reported between PQ and MAP a comportable duration of phonation
(Shigemori, 1977). Krishna Murthy (1986) reported a mean PQ of 13.16 in
males and 12323 in femaes. The PQ vaues have ranged from 78.75 to
187.37 cc/sec in males and 83.33 cc/sec to 183.33 cc/sec in femaes. The
average PQ in norma adults has been found to be between 120 and 190
ml/sec. The upper limit of the normal range varied from 200 to 300 ml/sec.
between different reports. Most of the investigators reported an increased PQ
value in most cases of vocal cord paralysis and abnormally highlyPQ have
been found in cases of lesions of the vocal folds, including modules, polyps,
polypoid swelling and neoplams. (Hirano et a, 1968, Iwata and Vonladen,
1970; Shigemori, 1977; and Yoshioka et a, 1977) PQ has been considered to
be useful in evaluating surgical treatment with certain cases of voca

pathology (Shigemori, 1977).



Vocal velocity index (VWI).

Iwata and Von Laden consider that the aerodynam c measures like
maxi mumphonation duration and phonation quotient are affected by different
factors, such as sex and age of the individual patient. Based on the
aerodynam ¢ measures Koi ke and Hirano (1968) have derived a measure
whi ch they called "vocal velocity index". This termapplies to the ratio of
mean flowrate tovita capacity". (Iwata and Von Laden, 1970). Koi ke and
H rano (1968) have reported this parameter to showno significant difference
bet ween mal es and femal es i nnormal subjects. They concl ude that the results
suggest the application of vocal velocity I ndex as a useful objective measure

of laryngeal efficiency.

Thi's index has not shown any significant difference between nales
and females. Iwata and Von Laden (1970) have studied 138 patients with
different laryngeal diseases and voice disorders by taking various
aerodynam c measurenments during sustained phonation. A significant
di fference between the vocal velocity index of the normals and patients with
organi ¢ and functional voice disorders have beenreported. Further, different
organic groups, (chronic laryngitis, vocal nodules, contact ulcers,
granul ornas, carcinoma and |aryngeal paralysis) have shown different vocal
vel ocity i ndex val ues, thus differing fromeach other.

Iwata and Von Laden (1970) are of the opinion that thisindex provides
basi ¢ information regarding the underlying laryngeal physiology and that this
may be used as a nmeasure of laryngeal efficiency in clinica examnation.
Thi s index seens to be related to the "style of phonation'.

Fundament al frequency in phonation :

Fundanmental frequency is the [owest frequency that occurs in the
spectrumof a conplex tone. In voice also, the fundamental frequency is
consi dered the | owest frequency in the voice spectrum This keeps varying

dependi ng upon several factors.



Arnol d (1961) suggested that "both quality and | oudness of voice are
mai nl'y dependant upon the frequency of vibration, hence, it seems apparent
that frequency is an inportant parameter of voice. There are various
obj ective met hods to measure the fundamental frequency of the vocal cords.
Cooper (1974) uses spectrographic analysis, as a clinica tool to determne
and conpare the fundamental frequency in dysphonic before and after vocal
rehabilitation. Jayaram(1975) found a significant difference in habitual
frequency measur es bet ween nor mal s and dysphoni ¢s. Thusit i s apparant that
the measurement of the fundanental frequency isinportant inthe diagnosis

and the treat ment of voi ce di sorders.

Fundament al Frequency in speech :

Many investigators have studied fundamental frequency as a function
of ge and in various pathological conditions. Different types of speech
sanpl es, i.e, phonation, reading, spontaneous speech and singing have been
usedindifferent studies. Qinical experience has shown mat the subjects use
different fundanmental frequencies under different conditions. Natgaraja and
Jagadeesh (1984) conduct ed an experinent to verify this clinical inpression.
They measured fundamental frequency in phonation, reading, speaking and
singing and also the optimumfrequency in thirty normal males and thirty
normal females. They observed that the fundamental frequency increased
f romphonation to singing with speaking and readi ng i n bet ween.

The age dependent variations of mean SFF reported by Bohme and
Hecker (1970) indicate that the mean SFF decreases with age upto the end of
adol escence. A marked | owering takes place during adol escence in men. In
advanced age, the mean SFF becomes higher in menbut is sligntly | ower in
women. Hudson and Hol brook (1981) investigating mean model frequency,
inreading in hundred young black adults whose ages ranged from 18 to 29
years and found to be 110.15 Hz inmal es and 193.10 H, i n fenal es.
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Shipp and Huntington (1965) reported that no significant differences
have been noticed in the mean and medi an SFF between laryngitic and
nonl aryngitic voices. Murray (1978) studying the SFF characteristics of four
groups of subjects, namel y vocal fold paralysis, beni gnmass |esion, cancer of
the larynx and normals, noted that the parametrs of mean SFF faled to
separate the normal s fromthe three groups of pathol ogi cal subj ects.

Hammer ber g (1980) studied the pitch and quality characteristics of
mutational voice disorders before and after therapy. This study included 13
young men with nutational voice disorder, age ranging from13 to 18 years.
(10 subjects) while 3 subjects were between the age of 26 and the results of
this study showed a difference of approximately 10 octaves bet ween the pitch
levels of 13 and 18 years old group. The mean value speaking F, in
pretherapy lowered to a mean value of 119 Hz after therapy. Production
measur es such as directional and magni fudinal perturbation the SFFinproved
the discrimnant function betwen normal voice and voice of the patients with
mal i gnancy of the larynx. It is considered that the FF in voice disorders

woul d act as a diagnostic and prognostic indicator.

Opti mumFrequency: The frequency of vibration of vocal folds is
det erm ned by the mass, Iength and tension of vocal cords. It is believed that
each vibrator hasits own natural frequency simlarly the vocal folds al so have
their own natural frequency, whichisotherwsetermed' optinumfrequency'.

"The ideaof 'optinun inpliesastandardinterns of whichathingis
j udged as being best. Optimal vocal functioning can be defined aesthetically,
acoustically and hygienical [y (Perkins. 1971). Darley (1964) states that
"each person has a range of tones which he can produce and that his range
has a central tendency ie., the optimumpitch. Fisher (1966) wites about
optimum pitch as "the best or most favourable pitch for speaking. By
definition, optimumis an idea one which greet many individuals have



attained quite unconsciously sometimes modal pitch may be the optimum
pitch". Fisher (1966) lists three practical characteristics of opti mumpitch.
1. The easiest to phonate.
2. hasgreater intensity withless effort.
3. It islocated within the tota range of voice as to permt
effective variationinpitchfor intonations.

Perkins (1971) defines optimum vocal functioning aesthetically,
acoustically and hygienically. O these, vocal hygienic is considered as the
most vital criterion. It is universally accepted that the voice which is
produced most effortiessly is most hygienic. The hygienic criterionis related
w ththe acoustic criterionwhi chstates that "the less effort for acoustic out put
the greater the vocal efficiency" (Perkins, 1971). Inplicit in the hygienic
criterionis the ideathat the farther the voice productionis fromthe optimum
onany di mension, themoreit contributestovocal abuse (Perkins, 1971).

Accordingto NatarajaandJayaram(1982) "it i s possible to objectively
categorize voice into normal and abnormal categories by taking optimum
frequency as the criterion It is possibletotreat anumoer of vocal disorders,
irrespective of 'labels and causes' by training patients to use their "optimm
frequency' andthus it is possibleto provide good voiceto the cases of voice
disorders. There are several methods of locating optimumpitch. Basically,
these met hods can be classified into four groups.

1. By findingout thetotal pitchrange that a person can use.
2. By locating the 'swelling of |oudness'.

3. Other methods like 'coughing and | aughing' or 'locating
the pitch at which the person can produce voice wth
greatest ease'.

4. By finding out the natural frequency of the vocal tract.



(1) Method usingthetotal pitchrange:

There are several methods of |ocating optimumpitch using the totd
pitchrange. Some |ocate optimumpitch as afrequency one fourth above the
| ower |imt of the pitch range. Fairbanks, 1970). Some others recommend
optimumpitch as the frequency one third fromthe basal tone of the pitch
range. Sill others consider this as one fifth fromthe | ower limt of the total
pitchrange. O hers suggest the mode of the pitchrange, includingthe fal sezo,
while still others locate the optimumpitch at the median of the pitch range
(Gayand W se, 1959).

Johnson, Darley and Spriestersbach (1967) while discussing me
met hods of finding optimumpitch consider the method given by Fairbanks
(1960) as the most satisfactory met hods yet devised, for estinatinga persoz s
natural level. They say that the procedure "serves very wel |l if the individual
isabletosingascaleandhasapitchrangethat isnot tooseverelyrestricted'

(2) Locatingtheswellingof | oudness :

These methods are reconmended and advocated by several
investigators. Van Riper and Irwin, 1958). Basically, these methods assure
that when the subject produces voi ce at several pitch levels coveringthe totd
pitch range, at a particular pitch level, there wll be a maxi mumincrease in
resonance and as such there wll be a maxi mumincrease in intensity "These
usual procedures of | ocating optimumpitch by aresonance reinforcenent ina
fixed region was not supported by Therman's study. But clinically it has
been found to be useful to establish the optimumpitch level” (Johnson et al

1967).

House (1959) discusses the vocal swel | method of estinating optimum
frequency and denonstrates that presumably perceptible changes in overall
voice level would result when a harmonic of the F.F Coincides with the
centre of the vocal tract resonance. Thus perceptible increases in | oudness
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wll reflect this match than reflecting an increased |aryngeal efficiency. He

concl udes that the vocal swell methodis of little val ue.
3. Met hods enpl oyi ng ' coughi ng and | aughi ng' and ot her met hods :

These methods are advocated by many people.  These methods
consi der the opti mumpitch as the pitch at which a person coughs and | aughs
or the note at whi ch the speaker experience the greatest ease (Fisher, 1966).
There are no experinmental evidences in support of the above nethods. Since
these met hods are subjective, it wll not be possibletoget areliable andvalid

opti mumpitch.
(4) Method usingthe natural frequency of the vocal tract:

I'n order to overcome the drawbacks in locating optimumpitch under
the above methods 1,2 and 3, an experiment was conducted by Nataraja

(1972).

Nataraja (1972) devel oped an objective method of ocating optimum
pitch by measuring the natural frequency of the vocal tract and relating it to
the optimumpitch, In this experinent, the vocal tract of good speakers was
stimulated using anexternal sound source of frequency from100 Hz - 5 Khz.
withaconstant intensity. The frequency whi ch showed inmaxi mumincrease
in intensity was considered the natural frequency of the vocal tract.
Fundament al frequency of voice of the same good speakers was determ ned
usi ng the stroboscope. It was presumed that the good speakers wer e using the
opt i mumpitch,

A definite and consistent relationship of 81 was found between the
natural frequency of the vocal tract ( NFVT) and the fundanental frequency

of the voice (FFV) in good speakers, males age ranging 20 - 25 years. The
predictive validity was also tested and it was found that this method was

valid. Hence, optimumfrequency (pitch) = Natural frequency of V.T.
8 (inmales20 - 25 years)
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Thus the reviewof these methods showthat the methods 1, 2 and 3 are
subjective and have severe limtations. On the other hand, method 4 of
locating optinum pitch is objective and is found to be free from these

limtations.

A study was conducted by Gopal (1980) to find the relationship
between NFVT and FFVin 1100 subjects from7 to 25 years. These subjects
were rated as superiors, average and poor speakers by judges, and the
relationships were determned, wusing an objective method of |[ocating
opti mumfrequency (Nataraja, 1975). Fromthis study he concluded that :
"There i s aconstant and consistent relationshipindl the superior speakers of
the same age and sex. This relationship between NFVT and FFV:

a) Insuperior female speakers in the age range 7- 25 years
is5.00.

b) In superior mal e speakers inthe age range 7- 10 yearsis
5. 00.

c) Insuperior mal e speakersinthe agerange 10 - 25 yearsis

8.0 and therefore.
Opt i mumfrequencyb = -'-\'f;"”"?' for femal es i nthe age range of 7- 25 years

OF. = ’\".f_'ﬁ_.l""’f' for mal es i n the age range of 7- 10 years.

N4 P s
v/

OF. '—'=:—"" for femal esinthe age range of 10 - 25 years.

Thi's relationship can be used to predict the optinmum frequency by
findingout the NFVTinmalesandfemlesintheagerangeof 7to 25 years.

Thi's objective met hod of |ocating opti mumfrequency has been further
validated by Shashikala (1979). She measured intensity range, maxi mum
phonation duration and mean airflowrate, innormal nmales and females, at
optinmum pitch and + 50Hz + 1000 Hz + 2000 Hz and - 50 Hz fromthe



optimumpitch. It was found that the males and females showed greater
intensity range, longer phonation duration and |ower mean airflow rate at
opti mumfrequency when conpared with other fundanental frequency levels

of voi ce.

"Further studies by Nataraja (1984) to test the physioacoustic economy
at optimumfrequency in terms of maxi mumphonation duration and a | ower
mean ar flowrate at opti mumfrequency than at other frequencies produced

by the same individual s.

Nataraja and Jagadeesh (1984) conducted a study to find the
relationship between fundanmental frequency and vowel duration. In this
study, sixty subjects, both males and females were made to utter three
meani ngful sentences, with a VCV word |idu occuring in the beginning of
each sentence at their optimumfrequency, at a |ower frequency and at a
hi gher frequency than optinum Al the utterances were normal, intelligible
and meani ngful. The durations of the vowel |i| indl the 3 sentences under
al the conditions were measured. The results indicated that the duration of
the vowel |i| , occuringindl the 3 sentences, uttered at optimumpitch, as
determ ned by an objective met hod of [ocating opti mumpitch, was m ni mum
or less when conpared to the duration of |i| produced using a | ower and
hi gher fundanental frequency than the optimum  This indicates that the
subj ects use mi ni mum duration or energy to produce the same sentence at
opti mumfrequency than at other frequencies available within the pitch range
of the individual. Thus the results of studies by Shashikala (1979), Nataraja
and Jagadeesh (1984) indicate that at the optimum frequency, there is
maxi mum physi o-acoustic econonmy i.e, maxi mum acoustic realization with
m ni mumenergy i s seen when voice is produced at the frequency located as
“optimum by the objective method (Nataraja, 1975).

Maxi mum phonation Duration : This measure has been suggested as a
clinical tool for evaluation of vocal function for the past three decades.
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Goul d (1975) has opined that the maxi mumphonation duration measures give
an indication of the overall status of |aryngeal functioning and tension in the
| arynx and any neuronuscul ar disability. A short phonation duration with a
large air escape suggests a neuronmuscul ar deficit such as |aryngeal nerve
paral ysis.

Norms for maximum phonation duration vary from 10 secs, for
consonants in children to 30 secs, for vowels in adults (Arnold, 1955).
Accordingto VanRiper and Irwin (1958), normal individuals shoul d sustain a
vowel for at least 15 secs, without difficulty. Fairbanks (1970) reported a
duration of 20 to 25 secs, as normal. The normal values for MPD have been
reported by several investigators. The average is greater for males (25 - 35

secs) thanfor females (15- 25 secs).

Shigemori (1977) investigated MPDin school children. The MP D was
found to increase with age. The difference between males and fenal es was
not significant except among the seventh grade children. Leuner (1971)
measured MPDfor |4, |i| and |u inchildren aged 9 through 17 years. There
was no staisticaly significant difference between the three vowels.
Phonation duration increased with increasing age and boys had a |onger

sust ai ned phonationtine thangrls.

Lewi s, Casteel and McMohan (1982) found no statisticaly significant
relationship bet ween phonation tine and age using subjects of 8 and 10 years.

Maxi mumduration of phonation has been used as a diagnostic tool. A
significant reduction bel ownormal levels can be relate to inadequate voice

product i on.

Arnol d (1955) reports then in the cases of paralytic dysphonia, the

phonation duration was al ways 3- 7 sec.

Qinically the maxi mum phonation time values smaller than ten sec.

shoul d be consi dered abnor mal (H rano, 1981).



21

Shigenori (1977) also reports that in pathological cases, abnormal
findings were nost evident inameasure of MPD, thaninthe MAF or PQAn
abnormal |y short MP D was found in the cases of recurrant |aryngeal nerve
paralysis. The MPD varies depending on the cold position in recurrant

| aryngeal nerve paral ysis (Shigenori, 1977).

Jayaram (1975) reported a significantly |ower MPD in a dysphonic
group thaninamatched normal group. Further, while asignificant difference
in MPD was found betwen mal es and females in a normal group, no such

difference was seenin the dysphoni ¢ group.

Shigenori (1977) reported that MPD is valuable for monitoring the
effects of surgical treatnent in selected disorders of the larynx, especially in

recurrant laryngeal nerve paralysis, sul cus vocalis, nodul es and pol yps.

Frequency Range in phonation and speech : Hudson and Hal brook (1981)
studied the FFrangeinreading, inagroupof young black adults, age ranging
from18 to 29 years. Amean range from81.95 to 158.80 Hz in mal es and
from139.05 to 266.10 Hz in femal es was found conpared to a simlar white
popul at i on studied by Fitch and Hal brook (1970), it was found that the bl ack
popul ation had greater mean frequency ranges. Ftch and Hal brook's (1970)
white subjects showed a greater range bel ow the mean than above. This

behavi our was reversed for the bl ack subjects.

McGl one and Ml |in (1963) report that inWomen, 65to 79 years the
speaki ng pitchvariahility changes little

Ceneral conditions about the diagnostic value of FF variability are
difficlt to make because such measurements are helpful in certan
pat hol ogi cal conditions but not inothers (Kent, 1976). Shi pp and Huntington
(1965) indicates that laryngitic voices had significantly smaller ranges than
di d past-laryngitic voices. Murray (1978) found reduced semtone ranges of
SFFin patients with vocal fold paralysis, as conpared with normals Murray
and Doherty (1980) have concl uded fromanot her study that the variability in
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SFF, along the directional and magnitudinal perturbation factors, enhanced
the ahility to discrimnate between speakers with no known vocal pat hol ogy

and speakers wi t h cancer of the | arynx.
SI'ZRatioor maxi mumdurationof sustained |§ and|Z :

M chel and Wendahl (1971) suggested maxi mum phonation duration
of sustained bl owi ng as a possible aerodynam ¢ measure whi ch provides an
estimate of the amount of control of respiratory systemand which can hence
be used to eval uate the voi ce and its disorders. It is definedas the maxi mum

length of timeanindividual canmaintainanora airflow,.

According to Boone (1971) the clinical evaluation of vocal fold
function shoul d consi der not only the maxi mumphonation time but it shoul d
be contrasted with a sustained expiration wit hout phonation. He suggests the
ratiobetween | and|Z , |§ beingavoiclessfricativeand|Z beinga voiced
fricative, toassessthefunctionof respirationandphonatory systens.

Boone (1971) stated that "the typical prepubertal child can sustain the
voi cel ess exahal ation for about 10 secs. The dysphonic patient w thout vocal
fol d pathology wll typically be able to extend the voiceless SSS and the
voi ced Z-Z-Z for about the same length of tine". \hile a shorter than
normal maxi mumphonation duration woul d indicate difficulty at the level of
the larynx, a short maxi mumphonation duration coul d also be the result of
reduced vital capacity. Thus this measure of S/Z ratio not only reflects the
laryngeal function, but also gives information regarding the respiratory

system

Rashm (1985) studied the maxi mumduration of |§ and |Z in 110
mal e and 100 female normals age ranging from4 years to 15 years. The
results indicated no significant difference in maxi mumduration between |§
and|Z, bothinnal es andfenal es, throughout the age range st udi ed.

I'n mal e subjects, the maxi mumdurationfor || at four years was 10. 38
secs, and it did not show change upto 11 years. After 11 years of age a
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decrease was noticed upto the age of 15 years. The maxi mumduration was
seven secs at 15 years whi ch was 10.38 at the age 11 years. Asimlar trend
has been observed in the case of females also. No significant difference
bet ween mal es and fenal es, was observed, throughout the age range studi ed.

Accordingto Vanaja(1986) the maxi mumdurationfor |s| and|Z| both
inmal es and fenal es, decreasedw thageie., fromamean of 11.3secs, at 16-
25 years age group toameanof 7.35secs, for the group 56- 65 years for |§ in
the case of males. Nosignificant difference was found between nmal es and
females at any age studied. It was also noticed that the S/Z ratio was
approximately 1.00for dl the age groups, bothinmal esandfenal es.

Boone (1983) studiedthe S'Zratiointhree groups of subjects. Group -
| consisted of 28 subjects with vocal modules or polyps and group - 2
consi sted of 36 subjects (wth functional dysphonia) and Group - 3 was the
control group of normals. The subjects with functional dysphonia with no
l'aryngeal pat hol ogy and the nor mal speaki ng subjects al sustained |§ and |Z|
for about the same duration. Their subsequent S/Z ratios approximted 1.0.
The |§ duration of the subjects with nodul es or pol yps was the same as the
subj ects inthe other t wo groups. However, thedurationof | Z| inthelaryngeal
pat hol ogy group was markedly reduced. The means of the S/Z ratios of the
pathol ogy group was 1.65 Such a large contrast suggests that there is a
marked decrement in laryngeal functioning. Rashatter and Hyman (1982)
who studied the maxi mumduration for |§ and |Z in children with vocal
modul es, alsoreported that generally, those with laryngeal pathol ogy showed

a shortened maxi mumdurationfor |Z.
Rising and falling timein phonation:

Rising and faling time have been considered wth reference to
intesntiy "Rising time" has beendefined as the time required for the increase
inoverall anplitude froma value of 10%of the steady level to 90%and
simlarly the 'falling time' has been defined as the time required for the
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decrease from9 0%t o 10 %of the steady level. (I mazum, et al 1980). Koi ke
et.a (1968), defines rising or 'rise time' as "the period extending fromthe
onset of soundtothe point at whi chthe envel ope anplitude reached the val ue
of steady phonation. Smlarly fal time has been defined as the period
extending fromthe end of the envel ope anplitude with steady phonation to
the termnation of phonation". According to Hrano (1981) in many
pathol ogi cal conditions, the abnormalities of voice wll be more apparant
during the transitiona phases of phonation, including the onset and

termnation of phonation and hence of speech.

Rashm (1985) studiedthe rising and fallingtime inphonationin 220,
male and female normal children age ranging from 4- 15 years. She

concl uded t hat :

a) There was a gradual decrease in the rising tinme of
phonation of vowel s with increasing age in both nales

and f emal es.

b) Aslight increase inthe rise tine was seenin the nineto
ten year old group of males and the 10 to 11 year old

group of femal es.

Raj ani kanth (1986) made an attenpt tonote the rising and falling time
inthree vowel s by 31 males and 22 female hearing inpaired individuals in
the age range of 10-20 years. He foundthat there was a significant difference
inrisingtinebothinmalesandfenales betweenthetwo age groupsi.e, 10-
15 and 15-20 years. He also reported a significant difference between mal es
and females in both the age groups. Both males and females showed a

significant differenceinfallingtine betweenthetwo age groups.

Koi ke et.d (1968) have reported the rising time as 247 nsec, 121
msec, and 29 msec, insoft, breathy and hard vocal initiations innormals. A
rising time of 11 to 290 msec, for soft initiation has been reported by Koi ke
(1968) in different types of laryngeal pathologies. They conclude that 'the
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mean rise tine for the neoplastic group was approximately half of the mean
risetime for theunilateral paralysis. The latter group, inturn, sill presented

consi derably | ower val ues than the normal controls".

Ki met al (1982) foundthat therisingtine was significantly |onger for
mal es than for females (109.50 and 37.30 nsec, respectively). They also
observed that the mean rising tine of the diseased group (recurrant |aryngeal
nerve paralysis) was |onger than that of control group in both males and

femal es.

Yoon et al (1984) report that there was significant difference between
the normal mal es and mal es with carcinomaof larynxinterns of risingtine.
Regarding falling time Ki met al report that it did not showany significant
di fferences bet ween mal es and mal es or bet ween control and di seased groups.
"However, Yoon et al (1984) found falling tinme to be longer in cases of
carcinoma of larynx maninnormal males. Therefore, it was considered that
the measurenment of these two paraneters woul d be useful in differentiating
normal s and cases with voice disorders and between different types of voice

di sor ders.

Fluctuations in fundanmental frequency and intensity in sustained
phonation : Presence of small perturbertions or irregularity of glottal
vibrations in normal voice has long been known (More and Von Laden,
1958). Relatively fewattenpts have been made to note the perturbertionsin
fundanental frequency and intensity, although such a measure may have
val ueindescribingthestability of [aryngeal control (Liebermnn, 1963).

Li eberman (1963) found that pitch perturbations in normal voices
never exceeded 0.5 msec, in magnitude in the steady state portion of |ong
sustained vowels. His results were confiirmed by Iwata and Von Laden
(1970) and the 95% confidence limts of pitch perturbations in normal
subjects ranged from-0.19 to +20 msec. "The cycle to cycle variation in
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period that occurs whenanindividual is attenptingto sustain phonation at a

constant frequency" has beentermedas jitter.

Heiberger and Horei (1982) considered the neurophysiological
significance of jitter and stated that "physiol ogical interpretations of jitter in
sustai ned phonation should probably include hoth physical and structural
variations and myoneurol ogi cal variations during phonation. A number of
hi gh-speed laryngoscopic motion pictures revealed that the [aryngeal
structures (the two vocal folds) are not totally symmetric. Different amounts
of mucus accunul ated on the surface of the fol ds during vibration. Inaddition
tothis, turbulent airflowat theglottisal socauses some perturbations.

Hol [ien, Mchel and Doherty (1973) used sustained vowels and
obt ai ned measur es of frequency perturbations which they called'Jitter factor'
(JF). This JFwas defined as the cycle to cycle period variations relative to
the average speaking fundamental frequency. Theysuggested that when
vocal i zation other than sustained phonation is used to exam ne the cycle to
cycle variation in period, the perturbations may possibly be due to
i nvol untary and/or |earned phonatory behaviour associated with meaningf ul
speech patterns produced by the speakers. Liebermann (1963) idicated that
the magnitude of the perturbation factor (magnitude of pitch perturbation
exceeding 0.5 msec), m ght be useful in the detection of |arygneal diseases.
Smth and Lieberman (1964) also investigated the relation between pitch
perturbations and pathol ogical conditionsinthe larynx. Iwata (1972) tested
the voice of 20 normal subjects and 27 patients with various |aryngeal
di seases for pitch perturbations. The results showed that the correl ograns
were useful indifferentiating normal and abnormal voice and different types

w thinthe abnormal group.
Jitter and Shimmer have been applied to the early detection of

| aryngeal pathol ogy. Liebermann (1963) states that the pitch perturbation
factor m ght be a useful index indetectinganumber of |aryngeal diseases.
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Koi ke (1969). showed that a relatively slow period modul ation of
vowel anplitude was observed in patients with laryngeal neoplams. From
this, he reasoned out that the mesurement and analysis of such nodul ation

m ght be useful in assessing |aryngeal pathol ogy.

Koi ke (1973) investigated the pitch periods of voice produced by
pat hol ogi ¢ speakers, and found that discrimnation between |aryngeal trenor
and paral ysi s was possi bl e. The perturbation factors, during sustained vowels,
were significant in discrimnating normal talkers fromthose wth |aryngeal
cancer (Mirry and Doherty, 1980).

Ki met al (1982) have anal yzed the vowel |€ usingthe spectrograph, in
10 voi ces of patients with recurrant |aryngeal nerve paralysis and 10 normal s
to obtain the following acoustic parameters.  The acoustic parameters

obt ai ned f romthe spectrographs were :
-Extent of fundanmental frequency fluctuations.

The extent offluctuation was defined as the percent score of the ratio
of the peak val ue of fluctuation (Fo) tothe mean fundanental frequency (F,)

Frequency nodul ation characteristics of sustained vowel phonations in
vibrate were investigated by Harii (1979) Eight male singers produced
sustained |d invibrate at [ owm ddle and high pitch levels with confortable
| oudness. The recorded voi ce snpl es were digitised and ananysed by program
yielding a plot of F, of individual fundamental cycles. Mbdulation of
frequency, extent, rates of F,increase and decrease and nodul ationjitter and
shi mmer were measured for individual modulation cycles. Central tendency
and variahbility of these measures, inter correlations among these measures
and tenporal patterns of frequency modul ations were investigated. Results
indicated : (1) Sgnificant effects of pitch levels on modul ation of frequency.
(2) More regularity in nodulation of frequency than in extent, (3)
Predom nant |y linear tenporal pattern of frequency modul ation and (4) Factor
F, increase than decrease.



Yoon et al (1984) have studied the voice of patients with gottic
carcinomas, using the same procedure and the paraneters as described by
Kimet al (1982). They concluded that significant differences were found
between the normal s and patients with advanced carcinomain terns of extent
of fluctuation, speed of F, fluctuation, extent of anplitude flucutation and
speed of anplitude fluctuations. Vanaja (1986) has reported that as the age
increased there was increase in fluctuations in frequency and intensity of
phonation and this difference was more markedin fenal es.

Spectral analysis of voice : Accordingto Fant (1970) voiceis a function of
both the source andthe filter that i s the laryngeal vibrator and the vocal tract
"when vibrating the vocal folds provide a wide spectrum of quasi-periodic
modul at i ons of the airstream accounting for various tonal qualities, reflecting
the different ways thevibrator behaves. "(Brackett, 1971). Accordingto Fant
(1959), this tone consists of frequencies approximately ranging from8 H to
8 kHz and includes fundanental and harmonics. Denes and Pisoni (1963)
state that the energy is greatest inthe 100 - 600 cps region, which includes
the fundanental component of the speechandthe first formant.

Anumber of spectrumanal yzers are available nowfor the analysis of
speech and voice spectral analysis of the glotta waveformreveals that the
harmonics tend to decline inanplitude at arate of approximtely 10 - 12 dB

per octave (Fl anagan, 1958).

Frokj aer-Jensen and Prytz (1975) have reported three different

met hods for voice quality analysisi.e,

- (1) Longtime average spectral analysis based on aread text of a duration of

45 sees.

- (2) Histogramof the voiced part of speech showi ng the anplitude |evel
above | OOOHz relative to the [evel bel ow 1000 Hz.

- (3) Therelative anplitude paraneter called'L' anddefineit as



_ amplitude level above 1000 Hz
amplitude level below 1000 H:
Yanagi hara (1967) proposed a classification of hoarseness of voice ranging
fromslight hoarseness to severe hoarseness. Accordingto his reports, inthe
case of slight hoarseness, the regular conponents of harnonics were seen
along with noise conponents, chiefly in the formant frequency regions in
vowel s, whereas aloss of harmonics was seen as the seventy of hoarseness

| ncreased.

Studies by Yumoto et al (1984) have indicated that there is a
relationship between harnonics to noise ratio and degree of hoarseness and
met hods to evaluate this ratio have been devel oped. He has devel oped a
met hod of measuring harnonics to noise ratio. He attenpted to correlate the
harmoni ¢ to noise ratio and psychophysical measurement of the degree of
hoarseness. The anal ysis reveal ed that the correlations of the psychophysi cal
measurement of the degree of hoarseness with the harmonic to noiseratiowas
highly significant when conpared with other nmethods. Thus the H/ Nratio
seens to be a quantitative index of the degree of hoarseness. Weéndler,
Doherty and Hol | ein (1980) attenpted to classify voi ce by means of ongterm
speech spectra. They tried to differentiate objectively among four classes of
voi ces according to auditivejudgements. (Normal, mld, noderate or severe
degree of hoarseness). They also made attenpts to differentiate hetween
certain degrees of roughness and breathiness and to carry outdifferential

di agnosi s hased on acoustic anal ysis.

Rashm (1985) made anattenpt to study the ratio of intensities bel ow
and above 1 Khz, in the spectra of vowel [i|]. She concluded that (a) the
energy level above 1 Khzisless thanthe energy level bel ow 1 Khz (b) The
paraneter shows no significant difference till the age of 9 years in both mal es
and femal es. The female group inthe age range 9to 14 and the mal e groupa
ge ranging from9 to 15 year had shown some changes, (c) No significant
di fference bet ween mal es and femal es has been found. The age groups above
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9 years of age showed a change inthe voice quality bothin the case of mal es
and femal es as reflected by the changes inratio. The mean val ue ranged from

0.78t00.92.

According to Gopal (1986), there was no significant difference
bet ween mal es and femal es upto the age of 55 years. Asignificant difference
was observed bet ween mal es and females in the age range of 56 to 65 year
groupie, males showed a higher score (0.73) than females (0.70). The val ue
ranged from0.71to 0.76 inthe age range of 16 to 65 years bothinthe case of
mal es and femal es. The average intensity above 1 Khz was |ess than bel ow 1

Khz.

Wendl er et al (1980) atttenpted to classify normal voice from
abnormal voice and different types of voice disorders based onLTAS. They
concl uded that ' The results are encouraging. Ki met al (1982) have neasured
relative [evel of higher harnonic components. They reported that the relative
| evel of higher harmonic components was significantly greater in dysphonics
group maninnormals. It was found that the relative level of noise and first
formant frequency were different indysphonic groupthaninnormals. Inthis
way spectral analysis of speech or voice is useful in giving information

regarding qual ity of voi ce.

Factors Anal ysis :

Factor analysis is a method for determning the number and nature of
the underlying variables among large number of measures. More succirtly,
factor analysis is a method of determning k underlying variables (factors)
fromn sets of measures, k being less thann. It may also be called a met hod

for extracting common factor variances fromsets of measures.

Factor analysis serves the cause of scientific parsinony. Cerally
speaking if two tests measure the same thing, the scores obtained fromthem
can be added together. If, onthe other hand, the two tests do not measure the
samething, their scores cannot be added together. Factor analysistellsus, in
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effect, what tests or measures can be added together. Factor anal ysis tells us,
ineffect, what tests or measures can be added and studi ed t oget her rather than
separately. It thus limts the variables w thwhichthe scientist nust cope al so
hel ps the scientist to locate and identify units or fundanental properties

under|ying tests and measures.

Fact or anal ysi s has t wo basi ¢ purposes (1) to explore variable areas in
order toidentify the factors reasonably underlyingthe variables as wel | as the
variables, and, as in al scientific work (2) to test hypothesis about the

relations among variabl es.

Anal ysi s of the 22 paraneters, innormals, using principal axis carried
out by Nataraja (1983) yiel ded seven factors accounting for 100 %variance.

The fol | owi ng ei ght paraneters came out as a cluster.

a) Mtal capacity

O

) Vocal velocity index
Maxi mumphonation duration

oo

Opt i mumfrequency

— o

Fundamental frequency in speech
g) Fundamental frequency range in speech.

)
)
) Fundamental frequency inphonation
)
)
h)

AC (intensity of troughs / intensity of peaks between 2
and 3 k.

Thi s factor was labelled as the Aerodynam ¢ - Acoustic factor. This
factor accounted for 37.0 percent of the total variance. Factor | Aerodynamc
acoustic factor had paraneters with both positive as well as negetive signs,
I.e, paraneters vita capacity, maxi mum phonation duration and AC ratio of
intensities of troughs and peaks between 2- 3 kHz had negative sign, whereas
optimum frequency, vocal velocity index, fundanental frequency in
phonation, frequency range in speech and fundanmental frequency in speech
had positive sign. Vital capacity maxi mumphonation duration and AC ratio
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had positive correlation with cochother. Vital capacity, maxi mum phonation
and ACratio had negative correlation with al other paraneters inthis factor.

Factor 2 : Consisted of three variables which were the extent of fluctuations
inintensity, the speed of fluctuations in intensity and the intensity range in
phonation. The variables were related tointensity in phonation and this factor
was labelled intensity factor. It showed a loading of 18.2% These

parameters were positively correlated with each other.

Factor 3: Involved the extent of flucutations in frequency, the speed of
fluctuations in frequency and the frequency range inphonation. These
parameters were related to frequency in phonation and was labelled as
'Frequency factor', this factor showed a | oading of 14. 5%

Factor 4 : Accounted for 11.2%of total variance. It hadtwo variable, ie.,
the phonation quotient and the maxi mum phonation duration. Both these
parameters were related to aerodynamc function and wre negatively

correlated with each other.

Factor 5 : Showed clustering of two aerodynam ¢ measures in the mean
airflow rate and vocal velocity index. This factor was termed as airflow

factor -2 and it accounted for 9. 4%of tota variance.

Factor 6 : Accounted for the AAratio and the first formant frequency. It
accounted for 5. 1%of total variance and did not show any relationship wth
ot her vari abl es.

Factor 7 . Showed one parameter - the falling time in a phonation. it

accounted for 4. 6%of the total variance.

The above factors accounted for 95. 4%of total variance. Thus it was
concl uded that these 6 parameters wer e sufficient to define normal voice.

Thus the reviewof literature regarding the different parameters shows
that these have been useful in differentially diagnosing the voice disorders,
hence, these parameters were measuredindifferent types of voice disorders.
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CHAPTER- IlI
METHODOLOGY

The purpose of the study isto determne factors interns of parameters
which form normal and abnormal voice and to examine the relationship
between various parameters of voice and voice disorders. The follow ng
aerodynam ¢, acoustic and spectral paraneters wll be considered in order to
differentiate between normal and abnormal voice and also among different

types of voi ce di sorders.

Aerodynam c Parameters:

1. Mtal Capacity (VC)

2. Meanairflowrate ( MAFR)
Phonat i on Quot i ent ( PQ)
Vocal Velocity I'ndex (VVI)
Maxi mumPhonation Duration ( MPI)
SZRatio(S2)

o o1 A~ w

Acoustic Paraneters :
7. Fundament al frequency in phonation.
8. Fundamental frequencyin speech
9. Opti mumfrequency.
10. Extent of fluctuationsinfundamental frequencyin phonation.
11. Speechof fluctuationsinfundamental frequency.
12. Extent of fluctuationinintensity.
13. Speechof fluctuationinintensity.
14. Frequency range i nphonati on.
15. Intensity rangein phonation.
16. Frequency range i n speech.
17. Intensity rantein speech.
18. Risingtimein phonation.
19. Fallingtimeinphonation.
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Spectral Paraneters :
20. Ratioof intensities between0- 1kH; and above 1- 5kH,.
21. Ratioof intensities of harnmoni csandthenoisein2- 3kH,.

22. Frequency of first formant.

Subj ects

The dysphonics who visit the Al India Institute of Speech & Hearing,
Mysore, with a conplaint of voice problens were considered for the study.
Thirty mal es and thirty femal es in the age range of eighteento thirty five years
formed the experinmental group. Those who were diagnosed as cases of voice
disorder after the otolaryngol ogical speech, psychological and audiol ogical
eval uation wer e included as subjects of the experinmental group.

The followng Tables 1 & 2 show the agew se distribution of the

subj ectss.
NORMAL S DYSPHON CS
Sex No. Vocal | Hoarseness | Spastic Chronic | Total
nodul e dysphonia | Laryngitis
M 30 4 12 8 6 30
F 30 5 10 9 6 30
TOTAL 60 60

Tabl e - 1: Showingthe distribution of subjects of the control and experimental

group.

The subjects of nor mal

probl em

group had no apparent speech, hearing or EXT

PROCEDURES USED TO MEASURE DI FFERENT PARAMETERS

| . Aerodynam c Paraneters :

1. Mital capacity:(V.C)

Vital capacity has been defined as the amount of air an individual can
A wet expirograph was used to measure the

expire after a deep inspiration.
vital capacity.
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Each subject was given the fol | owing instructions. " Nowwe are trying
tofind out the amount of air that you can bl ow. Pl ease take a deep breath and
bl owinto this mout h piece as much as you can and see that no ar escapes from
the mout h-pi ece”. The process was denonstrated. The subject was asked to a
take deep breath and then the nout h-pi ece of expirograph was placed over the
mout h and expired ar into mouth-piece as much and as | ong as possible. Care
was taken to see that there was no | eakage of air fromthe mouth-piece. Then
the vital capacity was directly read fromthe vertical tracings of the pointer on
the graph of the expirograph. The subjects was asked to repeat the whol e
process twicewtharest of 2- 3 mnutes, betweenthe trids. Three readings of
vitad capacity were taken and the maxi mum among the three readings was

consi dered the vital capacity of the subject.

2. Meanairflowrate : ( MAF)

Mean airflowrate has been defined as the amount of air collected in one

second during phonation at a gi ven frequency and intensity.

Total volume of aircollected during phonation

Meanairflowrate (cc/sec) = - -

Total duration of phonation (in sec)

To measure mean airflowrate, an expirograph and a stop wat ch was used.

The instructions given tothe subject were as fol lows: " Nowtake a deep
breath, and say |g into this mouth-piece as | ong as you can. Pl ease say |g at
your confortabl e pitch and | oudness i.e, with a voice that you usually use for
your speaking. Please see that no variations occur invoice while saying|d and
no ar leaks out from your nose or the mouth-piece". The process was
denonstrated to the subject. After this subject was askedto take a deep breath.
The mout h- pi ece of the expirograph was placed over mouth of the subject and
subj ect phonated |a as |ong as possible, as per instructions. The duration of
phonation was measured using the stop watch and the vol ume of air collected
during phonation was directly read fromthe expirograph. The mean airflow
rate was determned by dividing the vol ume of air collected during phonation
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by the duration of phonation. The subject performed the task three tines. The
average of three readings was consi dered the meanar flowrate of the subject.
3. Measurement of maxi mumphonation duration :

Maxi mumphonation duration has been defined as the duration for which
an individual can sustain phonation,
The subject was be instructed as fol | ows:

"Take a deep breath and say |4 as long as you can. Please try to
mintainit at aconstant level. Then the subject phonated as |ong as possi bl e.
The duration of |gd was measured using a stop watch. The task was perfornmed
thrice by the subject. The highest val ue of the three readings was considered

the maxi mumphonation duration of the subject.

4. Conputation of phonation quotient:
Phonat i on quotient has been defined as

Vital capacity

Phonati on quotient = y

Maximum phonation duration

The phonation quotient val ues were conputed by taking the maxi mum val ues
of vital capacity and maxi mumphonation duration.

5. Conput ation of vocal velocity index :

Vocal velocity index has been defined as the ratio of mean airflowrate
tovita capacity. Vocal velocity index was calculated using the mean airflow

rate and vita capacity val ues of the subject.

6. Measurement of S/ZRatio: (SZ)

The S'Z ratio was defined as the ratio of the durations for which the
fricatives|§ and|Z wereproduced by the subjecti.e,

& ; Maximum duration of sustained |S|
S/Z ratio = — — —= —
Maximum duration of sustained |7
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The maxi mumduration for whi ch the subject coul d sustain |s| and |z|
were determned using the same procedure as used in experiment-3 to
determne the maxi mumduration of phonation. Three trids were given to each
subj ect. The maxi mum, out of the three readi ngs, was used to derive s/z ratio

for the subj ect.
Il. Acoustic and Spectral Parameters :

Measurement of Opti mumfrequency :

Opt i mumfrequency has been defined as the frequency of the vocal cords

whi ch elicits maxi mumresonance of the vocal tract.

Procedure;:

To neasure the optimum frequency, the follow ng instructions were
given to the subject "Nowwe are trying to find out the best voice for you
please sit here and say |d. Keep the mouth in the same position but w thout
voi ce and adjust yoursel f such that this speaker is inside your mouth cavity.
Please seethat it doesnot touchyour teeth, tongueor |ips".

The subject woul d be made to sit onachair confortably and the speaker
was adjusted so that it was deepin the oral cavity. Then a tone starting from
100 H, to 5 kH, was presented by automatic sweeping over the frequency
range. Then the frequency whi ch showed a maxi mumincrease i nintensity was
consi dered the natural frequency of the vocal tract. Then optimumfrequency
for the subject was determ ned usingthefol | ow ng equation.

. Natural frequency of vocal mract
Opti mumfrequency = ——— /T W W00 T

8 ( for males)

Vatural and frequency of vocal tract

Optinmumfrequency = ————

5 (for fe males)

For the purpose of measuring the acoustic parameters, fundamental
frequency, frequency range, intensity range, rising tine, faling tine in
phonation, extent and speed of fluctuation in frequency and intensity in
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phonat i on and the spectral paraneters, ratio of intensities bel owand above 1K,
ratio of intensities harmonic and noi se inthe frequency range of 2 - 3 kH, and

first formant frequency, it was deci dedto use the phonationof vowel |4.

To study the fundanental frequency, frequency and intensity range in
the speech of the subjects, speech sanples were used. Three Kannada
sentences | idupapu|, |idukothi |, |[idukempubanna| whichwere meaningful
and nonenot i onal were used. The subjects were askedto utter dl the sentences
with pauses between themand thus for each subject 9 sentences (3 x 3) were

recorded usi ng a tape recorder. .
I nstrumentationfor recordingand analysis :

The fol | ow ng instrunents were used :
1. Dynami c m crophone.
2. Pre-amplifier

w

Speechinterface unit.
4. PC- AT (486 DX) Vaghm Sof tware.

'i—ﬁ*—' PRE-AMPLIFIER J N | S.LUNIT | “| PC - AT
|__ | |

| VAGHMI

| SOFTWARE

BLOCK DI AGRAM SHOWN NG | NSTRUMVENTATI ON USED FOR SPEECH
ANALYS S

For recording of speech sanpl e, the subjects were seated confortablyin
a sound treated room The dynamc m crophone was kept in front of the
subject at a distance of about 6 cm fromthe mouth. They were instructed to
take a deep breath and say |d and maintain a constant intensity and pitch at

confortabl e level asfar as possible.



Photograph showing the instrumentation used for measuring
optimum frequency (Hetro dyne analyser)

Photograph showing the instrumentation used
for Acoustic Analysis of Voice



The output of the m crophone was fed to a Speech Interface Unit and
recording was carried out using the programme 'Record of Vaghm Software
and three trias of phonation were recorded. The signal fromSpeech Interface
unit was digitized at a rate of 16 kHz with an AD/ DA card of 12 bit. The
ditized signal was then stored in the hard disk of the conputer. Then the
speech sanples i.e, 3 sentences were either read or repeated after
experinmenter. Threetriads of utterance of each sentence were recorded. Thus 3
trids of phonation of |gd and 3 sentences, 3 tines each, were recorded for each
subj ect. Usingthis procedure the phonation and speech sanples for dl the
subj ects of both groups wer e recorded usi ng the tape recor der.

Anal ysi's :

The foll owing paraneters were obtained fromthe analysis of digitized
sanpl e of vowel |gd using | NTON programme : (a) mean F, (b) extent of
fluctuationinF, (c) speed of flucutationinF, (d) frequency range (e) extent of
fluctuationinintensity (f) speed of fluctuationinintensity (g) intensity range.
The "I NTON' programme was further used to analyze the digitized speech
sanple to obtain: (a) mean F, in speech (b) frequency range in speech (c)
intensity range n speech. Programme ' | NTON' is based on autocorrelation
method to obtain the F,. It is then processed further to provide the above
mentioned paraneters. All the three trids of phonation of vowel |g and three
utterances of each sentence wer e anal yzed by the conput er programme and the
val ues of each paraneter for each subj ect wer e tabul ated.

The definitions of dl the paraneters studied have been given in the

Appendi x.
Fundament al frequency in phonation(F,) :

The fundanental frequency of three tirds of |d was averaged and then
consi dered as the mean fundament al requency in phonationfor |d. Thus, the
mean fundarment al frequency inphonation for the vowel |d was obtainedfor dl

t he subj ects.
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Fundament al frequencyinspeech (F,):

Ni ne readings (three sentences x three trias) of mean fundanental
frequency of speech for each subject were averaged. This average was
consi dered as the mean fundamental frequency of speech for each subject.
Thus, the mean fundanental frequency of speech for al the subjects were

obt ai ned.

Extent and speed of flucutation in fundamental frequency in phonation
(EFF [/ SFF):

The fluctuation in phonation in frequency was studied as the extent and
speed of fluctuation. The fluctuationin frequency was defined as the variations
+ 3 H, and beyond in fundamental frequency. The extent of fluctuation in
frequency was defined as the means of fluctuations in fundamental frequency
in phonation per second. The speed of fluctuation in frequency was defined as
the number of fluctuations in fundanental frequency in phonation per second.
The " INTON" programme provided the extent and speed of fluctuation for the
phonation submtted for analysis, by considering the whole sample i.e, by
averaging the extent and speed of fluctuation obtained for the sampl e anal yzed.
The extent and speed of fluctuation for three trias of | were averaged and the

val ue was considered as the extent and speed of fluctuation for |g for dl

subj ectss.
Extent and speed of fluctuationinintensityin phonation (EFI / SFI):

F uctuation in phonation interms of intensity were studied as the extent
and the speed of fluctuation. Fluctuation in intensity was defined as the
variations + 3 dBand beyond inintensity. The extent of fluctuationinintensity
was defined as the means of fluctuations in intensity in phonation per second.
The speed of fluctuation in intensity was defined as the number of fluctuations
inintensity in phonation per second. The '|NTON' programme, simlar to
extent and speed of fluctuation in fundanental frequency, provided the extent
and speed of fluctuation inintensity for each trid of |d. The average of three
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val ues was consi dered as the extent and speed of fluctuationin intensity for |4

for al subjects.
Frequency range i n phonation (FR) :

The difference between the maximum and m ni mum fundanental
frequency in phonation was considered the frequency range in phonation,
Three val ues of ranges wer e obtained for |g usingal thethreerecordings of |a]
of each subject. The largest of the three ranges was considered as the
frequency range for | for each subject. Thus the frequency range in phonation

for al subjectswas obtained.
Frequency range in speech ( FRS) :

The difference between the highest and the |owest frequency in the
utterance of test sentence provided the frequency range in speech for that
sentence. The frequency range for adl the nine sentences were obtained. The
maxi mumof the nine val ues was taken as the frequency range i n speech for mat
subject. Thus the frequency rangein speechfor al the subjects were obtained.

Intensity rangein phonation (IR):

The difference between the maxi mum and minimum intensities in
phonation provided the intensity range in phonation. Three val ues of intensity
ranges were obtained for |g usingdl the three recordings of |a of each subject.
The maxi mumof the three trids was considered as the intensity range for |d.
Thus, theintensity range in phonationwas obtainedfor al the subjects.

Intensity range in speech (IRS):

The difference between the maxi mum and minimum intensities in
speech provided the intensity range in speech. The intensity range for nine
sentences were obtained for each subject. The maxi mum of the nine val ues
was taken as the intensity range in speech for that subject. Thus, theintensity
range in speech was obtained for al the subjects.



Risingtime and faling timein phonation (RT/FT) :

The rising time was defined as the tine required for an increase in
intensity fromOdB to the beginning of the steady level of the intensity in the

intid portionof the phonation.

The faling time was defined as the tine required for intensity to

decrease fromthe steady |evel to OdBinthe find portion of the phonati on.

To neasure the rising tinme, the initid portion of the phonation of the
digitized vowel |g was processed using the conputer programme ' INTON" and
the di splay was obtai ned on the screen. Then, usingthe cursor, thetineat the
beginning i.e, OdB and the tine at the starting point of steady portion of
intensity were noted.  The difference (in mlli seconds) betwen the two
readings (fromthe begi nning of the intensity curve going up fromthe base line
to the begi nning of the steady portion) providedtherisingtine,

The final portion of the phonation of the digitized vowel was processed
by "I NTON' programme and the display obtained on the screen. Then, using
the cursor, thetineat the end of the steady portionof intensity andthe endi.e,
where the curve merged with the base line were noted. The time difference in
mlli seconds) between the readings (fromthe end of the steady portion of te
intensity curveto the point wherethe intensity curve merged withthe base |ine)
provided the falling time. Using the above described procedure, the rising and
falling tine for |d were determned for each subject. The average of thrt three
val ues was taken as the rising time and falling tine for |a| for each subject.
Thus therisingtine andfalingtime for dl the subjects were neasured.

LTAS

The programm e ' LTAS' was used to obtain | ong termaverage spectrum
and its derivatives. Speech sanpl e of 40 seconds duration each, was submtted
to spectral analysis. The signa was | ow pass filtered at 7.5 KHz using an
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antilaising filter and digitized at arate of 16,000 Hz. The fol | owi ng paraneters

wer e derived fromthe anal ysi s of sanpl es of each subj ect.
AARatio (Ratio of intensities between 0 - 1 KH, and above 1 - 5 KH,)
Ratioof intensities of harmonics andthenoisein?2- 3KH,

Frequency of first formant:

The fbrmant F, for vowel | was measured fromthe spectrogramdisplay
with sectioning on the screen of the computer. Formant frequency estinates
were made by measuring the md point of the visible dark bands of energy
appropriate to the first vowel resonance. The measurements were made at a
conparatively steady state portionof the vowel .

Reliability test:

Three males and three females fromthe normal group were used to
repeat al the measures. Al the paraneters were measured using the same
procedures used earlier. The val ues obtai ned on each paraneter were conpar ed
with the values of each parameter of the previous measurenent for each
subject. Student 'T' test was used to make this conparison. No significant
differences were seen on dl the parameters. Therefore, it was considered the
measur es and procedures were reliable.

Satistical analysis :

The conparisons between the normal nmales and females were made
using the 'Student T-test', with the help of Epistat Conputer Programme for
each of the paraneters. Smlarly dysphonic males and females were

conpar ed.

Spectral anal ysis of voice :
The spectral anal ysis of voi ce has been studied by consi dering
the ratio of intensities between 0 1 kHz and 1-5 kHz.
theratioof intensities of noiseto harnoniesbetween2-3kHz.

the frequency of first informant.



Measurement of intensities between 0 1 kHz and 1-5 kHz.

The programme ' LTAS' was used to obtain | ong termaverage spectrum
and its derivatives. Speech sampl e of 40 seconds duration each, was submtted
to spectral analysis. The signal was | ow pass filtered at 7.5 kHz using an
antialaising filter and digitized at arate of 16,000 Hz. The digitized signal was
anlyzed i n bl ocks of 30 msec duration with 10 msec resolution. Using LTAS
programme, the ratio of intensities between 0 - 1 kHz and 1 - 5kHz was
determned. Three readings were obtained for each subject by anal yzing three
sanpl es of vowel |d. The average of the three readings was considered as the

ratioof intensities between0-1kHz and1- 5Hz.
Measurement of ratio of intensities of noiseto harmonics between 2- 3 kHz

To determne the noise to harnonic ratio, the intensity levels at the
trough and the peaks in the frequency range of 2- 3 kHz. were also measured
using the display of the spectrumobtained fromthe ' LTAS' . This was done by
moving the cursor to the Iowest point (in the form of a trough) occuring
bet ween the envel ops and then moving the cursor to the peak in the envel op.
Then the average intensity of troughs and average intensity of peaks were
calculated. The ratio of intensities of noise to harnonics between 2- 3 kHz

was det erm ned by using the formila.

average intensity of troughs
average intensity of peaks

AC =

This ratio value was obtained for dl the three vowel sanples, the average of
these three ratio value was considered the ratio of intensities of noise to

harmoni ¢s inthe voi ce of a particular subject.

Measurement of First Formant Frequency :

The same spectral display obtained for the measurenment of other

spectral paranetersmentionedabovewas usedfor themeasurenent of this

paraneter al so.
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The first formant frequency was considered the peak with greater

energy, occuringinthe frequency range of 400 Hz - 1000 Hz.

The cursor was moved to the peak showi ng a greater intensity than the
other peaks in the region of 400 - 1000 Hz in the spectrumdisplayed and the
frequency was noted. This frequency was considered the first formant
frequency for that vowel sanple, for dl the three vowel sanples, the first
fbrmant frequency was thus determned. The average of these three readings
was consi dered the first fbrmant frequency for vowel |d inaparticular subject.

Reliability test:

Three mal es and three mal es fromthe normal group were used to repeat
dl the neasures. Al the paraneters were measured using the same procedures
used earlier, the values obtained on each parameter were conpared wth the
values of each parameter of the previous measurement for each subject.
Student " T test was used to make this conparison. No significant differences
wer e seenonal theparanmeters. Therefore, it was consideredthat the masures

and procedures wer e reliable.

Satistical analysis:

The conparisons between the normal males and females were made
using the 'Student T-test', with the help of Epistat Conputer Programme for
each of the paraneters. Smlarly dysphonic nmales and females were
conpared. Then the data was subjected to factor analysis to achieve the

obj ective of study.
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CHAPTER- |V
RESULTS AND DI SCUSSI ON

The mai n obj ective of the study was to determne the factors underlying
normal and abnormal voices in terms of aerodynamic, acoustic and spectral
paranmeters and to note the relationship bet ween these paraneter in normal and

abnor mal voi ces.

In order to achieve this objective it was decided to carry out factor
analysis on the data obtained in terms of the paraneters in both nornmal and
abnormal voices. However, it was considered that it woul d be interesting to
find out whet her there were any significant differences between the normal and
abnormal voices interns of these paranmeters as, it was considered that those
paraneters whi ch showthe difference between the two groups may also show
di fferences when they forma part of afactor i nnorml and abnornal voi ce.

Further, the difference bet ween mal es and femal es wer e al so det erm ned
as it woul d provide useful information in evaluating normal and abnormal

VoI ce.
Thus the results consists of

1. Conparison between mal es and f emal es i n normal s and di sphoni cs.

2. Conmpari son of dysphoni cs and normal s interns of these parameter to find
out whet her dysphoni ¢ mal es and fenal es behave like normal s or not.

3. Factor analysis.
Conpari si on of normal and dysphoni ¢ groups :

Vital Capacity :
The val ues of both normal and dysphonic groups are shown in Tabl e-2
and Graph- 1.

The vital capacity of the group of normal mal es ranged from2830 cc to
3930 ccwith amean of 3429.33 cc, whereas incase of femalesit was 2026 cc
with a range of 1780 cc - 2250 cc. Males showed greater variability than
females (S.D. being 312 and 108 for mal es and femal es respectively). Thus
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hypot hesi s stating that there is no significant difference between mal es and

femal es- (a) of normal groupisacceptedandindysphonicgroupisrejected.

The conpari son of Dysphonic groups withthe normal interns of vitd
capaci ty reveal ed that the dysphonic groups differed fromthe nornal groups
(both nal es and femal es) i.e, dysphonic males (2466 cc) and femal es (1763
cc) had | ower vitd capacity than mal es and fenal es of normal group. This
difference was found to be significant statisticaly. Therefore hypothesis
stating that there is nosignificant difference betweennormals and dysphonicis
accepted with reference to vitd capacit, as both males and femal es showed

significant differences.

G oups Mean SD Range
NV 3429.33 | 312.66 | 2880 - 3930
(Nor mal mal es)
M 2466.6 | 598.60 | 1200- 3600
( Dysphoni ¢ nal es)
NF 2026 135.75 | 1780- 2250
(Nor nal femal es)
CF 1763 387.28 | 1200- 2400
(Dysphoni ¢ f enal es)

Table- 2: The nean, S. D. range of vita capacity for both normal and
dysphoni ¢ gr oups.

Group T- value | Sgnificance

NM Vs NF 6. 43

NM Vs CM 1.50

CM Vs CF 5.60 +

CF Vs NF 1.40

Tabl e - 3: Conpari sion of nornal s and cases, both mal es and fenalesin
terns of vita capacity.
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Mean ar flowrate;

Mean airflowrate has been defined as the ratio of total vaol une of ar
col lected during maxi mum sustained phonation to the duration of sustained

phonat i on.

The val ues of mean ar flowrate interns of mean, S.D. and range for
both mal es and femal es of both the groups i.e, normals and dysphonics are
presentedin Tabl e - 4 and neasures presentedin G aph- 2.

The mean airflowrate for the normal male group was 111.13 with a SD
of 23.63 and it ranged from80 - 145 cc/sec, whereas for the female group it
was 116. 26 and ranged from80 - 148 with a SD of 21. 32.

Goups | Mean | SD Range

NM 111.13 | 23.63 | 80- 145

M 227.56 | 79.91 | 80- 400

NF 116.26 |21.32 | 80- 148

CF 196.63 | 77.63 |1 20-350

Tabl e - 4:The nean, S. D. and range of meanair flowrate, innormal and
dysphoni ¢ groups, both mal es and fenal es.

G oup T value | Sgnificance

NM Vs Nr 0.35

NM Vs CM 2.80

CM Vs CF 2.50

CF Vs NF 2.80

Table - 5: Comparison of Normal and cases, both males and fenales in
ns of meanair flowrate.
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It was found that the normal mal es had | ower mean airflowrate than
normal fenales. However, in case of dysphonics, males had higher mean
airflowrate (227.56) thanthe femal es (196.63). The variability was a so found
to be higher in dysphonic malesthaninfenales. Satisticad ana ysis reveal ed
that there was no significant difference between nmales and fenales of the
normal group. Smlarly, no significant difference was observed between the
mal es and femal es of the dysphoni ¢ group. Thus hypothesis stating that there
was no significant difference between mal es and femal es of bothinnormal and
dysphoni ¢ groups i s accepted w th reference to meanairflowrate. Hypot hesis
statingthat thereisnosignificant difference bet ween normal s and dysphoni csis
rejected, as both mal es and fenal es showed significant differencesin terns of
mean ar flow rate. Snilar findings have been reported by several
investigators (Isshiki and Von Leden, 1964; Hrano e.d., 1968; Yoshi oka
et.d., 1977; Shigenori, 1977; Jayaram 1975, Nataraja 1986).

Phonation Quotient:

Phonat i on Quotient has been defined as the ratio of vitd capacity tothe
maxi mum phonation duration (cc/sec). This was calculated fromthe two
measures obtained for each subject. The mean values, S D and range are
prsentedin Table- 6. G aph-3alsoshows the mean val ues for both the groups.

The nornmal mal es, as a group had a mean phonation quotient of 166.08
with SD 27.42 and it ranged from 108 - 218. Fenale group had a mean
phonation quotient of 136w th SD21.97 and it ranged from104- 187.

Goups | Mean SD Range

NM 166.08 | 27.42 | 108-218
CM 261.20 | 102.74 | 120- 540
NF 136.06 | 21.97 | 104 - 187
CF 212.92 |89.43 | 108 - 480

Table - 6: The nean, S. D. and range of phonation quotient in normal s and
cases, both mal es and fenal es.
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G oup T values = Significance

NM Vs NF 2.00

NM Vs CM | 240 !
CM Vs CF 160
CF Vs N 3. 50 !

Table - 7. Comparison of normal and cases, both males and females in
terns of phonation quotient.

Normal males had [ower phonarion quotient than normal fenales.
However, the variability was higher in normal females when conpared to
normal males. In case of dysphonics, males had shown higher phonarion
quotient (261.20) than females (212.92). Simlar values for normals and
dysphoni cs both for mal es and femal es have been reported by Nataraja (1987).
Satistica analysis showed that there was no significant difference between
mal es and females of normal group. Smlarly males and females of the
dysphonic group also showed no significant difference.  Thus hypothesis
stating that there isnosignificant difference between mal es and fenal es bothin
normal and dysphonic group is accepted with reference to phonarion quotient.
Hypot hesi s stating that there is no significant difference between nornals and
dysphoni ¢ is rejected as both mal es and femal es showed significant differences.

Vocal Velocity Index :

Vocal velocity index is definedasthe ratio of meanairflowrate tovita

capaci ty (Koi ke and Hi rano, 1968).

Tabl e - 8 and Graph - 4 present the mean val ues of vocal velocity index

for the subj ects of boththe groups.

In the presence study, the normal mal es had | ower vocal velocity index
(0.034) than normal females (0.057). The variability was higher inthe normal
femal es when conpared to normal males. Unlike the normals, the dysphonic
mal es had hi gher vocal velocity index (29.76) than dysphonic females (10.10).
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The variability was al so found to be higher in dysphonic mal es than in fenal es.
The results of the present study support the findings reported by Nataraa
(1987) regarding vocal velocity index. Satisticd analysis showed that zere
was a significant difference between males and females of normal group.
Smlarly males and females of the dysphonic group also showed significant
difference. Thus hypothesis stating that there is no significant difference
between nmal es and fenmal es both in normal and dysphonic group is rejected
with reference to vocal velocity index. Hypothesis stating that thereis no
significant difference between normals and dysphonics is rejected, as both

mal es and f emal es showed significant differences.

Goups | Mean | SD Range

NM 0.034 1 0.005 | 0.02- 0.05

NF 0.057 | 0.014 | 0.03- 0.08

CM 29.76 |5.38 | 7.03-36.28

CF 10.10 14.96 |8-26

Table- 8: The Mean, S.D. and range of WI for both the groups with T
val ues and si gni fi cance.

G oups T Val ues | Sgnificance
NM Vs NF 4.38 *
NMVs CM | 4.00 *
CMVs CF 0.57

CF Vs NF 7.17 *

Tabl e - 9: Conparision of normals and cases, both mal es fenmal esinterns of
vocal vel ocity i ndex.
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Iwata and Von Leden (1970) found higher than norma values of vocd
velocity index in different types of voice disorders. Similar results have been

found in the present study.
Maximum Phonation Duration :

Maximum phonation duration has been defined as the maxznum
duration for which an individual can sustain phonation (in sec) after a degp
ingpiration.

The mean, S.D. and range both for male and female subjects of ben the
groups, normals and dysphonics are presented in table - 10, Graph -5, shows

the mean values for the subjects of the two groups.

The norma males showed mean MPD of 22 with a SD of 3.89 ad it
ranged from 18 -30 sees, whereas femaes showed a mean of 15.299 with SD of
2.06 and it ranged from 12 - 20. Both the dysphonic males and the femdes
had amost the same duration of maximum phonation, whereas the normd
males showed a much longer pohonation duration than the norma femaes

Similar findings have been reported by Natargja (1987).

Statistical analysis reveded a significant difference between maes and
females of both the groups. Thus hypothesis stating that there is no sgnificant
difference between males and femaes both in normals and dysphornc is
rgjected. Hypothesis stating that there is no signficant difference berween
normals and dysphonics is rgected as both males and females shewed

significant differences.

Groups | Mean | SD. | Range
NM 22.60 | 389 | 18-30

CM 1030 |4.44 | 2-20
NF 1529 | 206 | 12-20
CF 913 280 |5-15

Table- 10 : The mean, SD. and range of MPD in nortmal males and femaes
and dysphonic males and females.



Groups T values | Significance
NM Vs NF 3.53 +
NM Vs CM 5.56
CM Vs CF 178
CF VsNF 6.00 +

Table- 11 : Comparison of normals and cases, both males and females in
terms of maximum phonation duration.

Hirano et.a., (1968). Jayaram (1975) and Shigemori (1977) also report
that shorter phonation durations than norma phonation durations were

observed in subjects with different types of voice disorders.

97 Ratio :
Sz ratio has been defined as the ratio of maximum duration of sustained
|b] to maximum duration of sustained |z| i.e., Sz ratio

Maximum duration of sustained
Maximum duration of sustained

The normal males showed a mean of 0.85 with a SD being 0.23 sec. It
ranged from 0.11 - 1.30. The norma femaes showed a mean of 0.9913 with
SDof0.31 and it ranged from 0.64-1.95.

Groups | Mean | SD Range

NM 0.85 023 | 011- 130

CM 124 0.39 | 0.68-2.54
NF 0.99 031 |0.64- 1%
CF 107 0.44 | 0.45-3.00

Table- 12 : The mean, SD and range of gz ;ratio in normal males and females
and dysphonic males and females with 'T" scores.



Groups T Values | Significance
NM V sNT | 0.005 -
NM VsCM | 188 -
CM VsCF |0.20 -
CF VsNF 3.25 +

Table - 13: Comparison of normals and cases, both males and femaes in

terms of gz ratio.

female group it is rejected..

II. ACCOUSTIC PARAMETERS:
Optimum frequency :

In terms of this parameter, norma males had lower 'z ratio than norma
females. The variability was also found to be higher in norma males when
compared to femaes. Similarly dysphonic males had shown higher gz ratio
(1.24) when compared to dysphonic femaes (1.07). The variability was higher
in dysphonic females than in males. Results similar to the present ones have
been reported by other investigators (Natarga 1987). Statistical analysis
showed no gignificant difference between males and femaes of both the
groups. Thus hypothesis staring that there is no significant difference between
maes and females in both normal and dysphonic group is accepted with
reference to SZ ratio. Secondly, hypothesis stating that there is no sgnificant

difference between normals and dysphonic is accepted in case of males and in

Groups | Mean SD. Range
NM 1306 | 21.66 | 100- 152
CM 13471 | 1875 | 102- 155
NF 231.96 | 14.79 | 210-256
CF 21410 ' 21.35 | 135-250

groups.

Table - 14 :The mean, s.D. and range of optimum frequency for both the
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Groups T Vaues | Significance

NM VsNT | 20.66 +
NMVsCM | 1222 —
CM VsCF | 30.25 T

CF VsNF 166

Table - 15 : Comparision of normals and cases, both males and females in
terms of optimum frequency.

Optimum frequency was measured using an objective method of locating

optimum frequency (Natarga. 1975) based on Natural frequency of vocd tract.

Table - 14 present the mean, S.D. and range of optimum frequency

observed in normal as well as dysphonic males and females.

The optimum frequency for the normal males ranged from 100 -152H;
with a mean of 130.6 H; and SD. of 21.66 whereas normal females showed a
mean optimum frequency of 23 196 with a SD of 14.78 and it ranged from 210
-256..

The norma males had lower optimum frequency (130.6) than norma
females (231.96) Similarly the dysphonic males showed lower optimum
frequency (134.71) than the dysphonic females (214.10). The variability was
found to be higher in the dysphonic males when compaed to dysphonic
females. Statistically significant difference were found between maes and
females of both the normal and dysphonic group. Thus hypothesis staring that
there is no significant difference between males and females both in norma and
dysphonic groups is rejected with reference to optimum frequency. As no
significant difference was found between normals and dysphonic both in case

of males and females, hypothesis stating that there is a difference is accepted.



260

I [_;:_—1

FUNDAMENTAL FREQUENCY IN SPEECH

=

z

|

i

T

Graph 9 Componsion of normal Vs cases, bolh

makrs and fcnules in icrim ol
fundamental frequence in speech

SPEED OF FLUCTUATIONS IN FUNDAMENTAL

FREQUENCY
104 i
B
&
e
2
e Gl
WS ealmale B Dratuwicnisle
BN famshe 8 1nsphoms tanade
Graph |l i.o~"unsion of nonnul Vs CJSCS. bolh

T»l.--; jnd females m icrms of speed of
f.jr.Ajuon in fundjnienuil frequenr> in

\o

EXTENT OF FLUCTUATIONS IN FUNDAMENTAL
FREQUENCY

GMpll

N"niul Iciiulc

10. Companion of normal Vs cases boll,
males and females in icrms of cxicm or
fliicivaiioi, in fuiichmenul Ircgiiena in
pnonation

EXTENT OF FLUCTUATIONS IN INTENSITY

Cirapli

12 C onipariMon of iiornul Vs cases, bolh
males and females in icrms of clienl of
nueluaiton in iniensn\



62

Fundamental Frequency in Phonation :

Study of Table - 16 showing the mean, SD and range of fundamental
frequency in maes and femaes of normal and dvsphonic groups reveaed the

following:

The fundamental frequency phonation was found to be lower in norma
males when compared to nomial females. Similarly the dvsphonic males had a
lower fundamental frequency than the dysphonic femaes. The maes and
femaes of the dysphonic group showed greater variations than the maes and
the females of the norma group Similar findings were reported by Javaram
(1975) and Natargja (1987). Thus this parameter was useful to differentiate
betwen normals and dysphonics. However, no datigtically significant
difference between males and females of dysphonic group was found, unlike'
between males and females of norma group who showed a significant
difference (T Value = 14.08). Therefore, hypothesis stating that there is no
significant difference between males and femaes in norma group is reected

and in dysphonic group it is accepted.

Groups | Mean SD. Range
NM 13416 | 1234 | 105- 160
DM 15464 14273 | 83-234
NF 229.60 | 1751 | 207 - 276
CF 204.83 | 529 82 - 348

Table - 16 The mean, S.D. and range of fundamenta frequency in phonation
in cases and normals, both males and females.



G oups T values | Sgnificance
NM Vs NF | 14.08 *

NM Vs Cm | 4.97

CMVs CF |0.72

CFVs NF 262 *

Tabl e - 17 Conpari si onof normal s and cases, hoth mal es and fenal esin
terns of fundamental frequency in phonation.

(S F.F.) Fundament al frequencyin Speech:

The fundarment al frequency i n speech has been consi dered as one of the
i nportant paraneters in the diagnosis of voi ce disorders and has been studi ed

ext ensi vel y.
Tabl e - 18 depi cts the mean, SDand range for hoth mal es and f enal es of
nor mal and dysphoni ¢ groups.

Nor mal mal es showed a mean of 134.1 H; and a SDof 12.02 H,. and it
ranged from105 - 160 H;, whereas fenmel as showed a mean of 235 and a SD of

14. It ranged from220- 265 Hz.
Goups | Mean | SD Range

NM 134.10 | 12.02 | 105- 160

CM 165.49 | 52.37 | 70- 276

NF 235.00 | 14.45 | 220- 265

CF 200.00 |30.73 | 150- 275

Tabl e- 18: The mean, the SD. and the range of fundanental frequencyin
speechinmal es andfenal es of bot hthe groups.
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Groups T Vaues | Significance

NM VsNF | 10.00 +

NM VsCM | 173

CM Vs CF 149

CF VsNF 4.53 +

Table - 19 :Comparision of normals and cases both males and in femaes in
terms of fundamental frequency in speech.

As shown in Tables 18 and 19 there was no significant difference
between the males and the females in the dysphonic group also. However, the
normal males had shown a significant difference when compared with norma
females. Thus hypothesis stating that there is no significant difference between
male and females in normals is rejected, whereas in dysphonic it is accepted.
No significant difference was found between the dysphonic males and normal
males. But significant difference was found between the dysphonic femaes
and the norma females. Therefore, the hypothesis stating that there is no
significant difference between normals and dysphonics is accepted in males and
infemalesitisrgected. Thus the SFF has been found to be of limited views in

differentiating dysphonics from normals.

Flucutation in fundamental frequency in phonation :

(a) Extent of fluctuation in frequency :

Fluctuations in fundamenta frequency in phonation. in terms of extent
of fluctuation has been defined as the average of deviations in fundamenta

frequency +/-3 and beyond in a sample of 1 sec.

Graph - 10 shows the mean values of dysphonic males and females and
their normal counter parts. Table - 20 provides SD and range in addition to

mean and exrtent of fluctuation in frequency.



G oups T Val ues | Significance
NM Vs NF | 10.00 !
NM Vs CM | 1.73
CMVs CF | 149
CF Vs NF 453 ¥

Tabl e - 19 : Conpari si on of nornal s and cases bothmal esandinfemalesin
terns of fundanental frequency in speech.

As shown in Tables 18 and 19 there was no significant difference
bet ween the mal es and the femal es i n the dysphoni ¢ group also. However, the
normal mal es had shown a significant difference when conpared with normal
fenmal es. Thus hypot hesis stating that thereisno significant difference between
mal e and femal es innormal s isrejected, whereas indysphonicit is accepted.
No significant difference was found between the dysphonic mal es and nor mal
mal es. But significant difference was found between the dysphonic females
and the normal fenmales. Therefore, the hypothesis stating that there is no
significant difference bet ween normal s and dysphonicsis acceptedin mal es and
infemalesit isreected Thusdie SFFhas beenfoundtobeof [imtedviewsin

differentiating dysphonics fromnormals.

Flucutationinfundamental frequency in phonation :
(a) Extent of fluctuationin frequency :

F uctuations in fundanmental frequency in phonation. interns of extent
of fluctuation has been defined as the average of deviations in fundanental

frequency +/-3 and beyondina sanpl e of 1 sec.

Graph - 10 shows the mean val ues of dysphonic mal es and femal es and
their normal counter parts. Table - 20 provides S.Dand range in addition to

mean and exrtent of fluctuationin frequency.
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The extent of fluctuation in frequency in phonation a ranged from O -
5.57 H, with amean of 3.87 H, and S.D. being 1.69 H, for norma males.

The whole group of femaes (NF) presented a mean of 2.80 with SD. of
1.34. It ranged from O to 4.83. No significant difference between males and
femaes, in terms of extent of fluctuation was noticed after statistica analysis
{"T'value = 0.50).

The results for the norma and the dysphonic groups on extent of

fluctuation in fundamental frequency in phonation are given in tables below:

Groups | Mean | SD. Range
NM 3.87 169 0-5.57

CM 2890 | 1785 |3.0-81.90
NF 280 | 134 | 0-4.83

CF 2479 | 17.34 | 3.77-62.00

Table- 20 : The mean, SD. and range of extent of fluctuation in fundamental
frequency in phonation for both the groups.

Groups T Vaues | Significance
NM VsNF | 050 -
NM VsCM | 5.60 +
CM VsCF | 059 -
CF VsNF 511 +

Table - 21:Comparision of normals and cases, both males and females in terms
of extent of fluctuation in frequency in phonation.

Statistica analysis of this parameter showed that the two groups were
significantly different from each other, both in the case of males and females.

In this study it was found that the dysphonic males and females had a greater
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The extent of fluctuation in frequency in phonation a ranged fromo -
5.57 H, withameanof 3.87 H; and S.D. being 1.69 H; for normal nal es.

The whol e group of fenmal es (NF) presented a mean of 2.80 with S.D. of
1.34. It ranged from0 to 4.83. No significant difference between mal es and
females, interns of extent of fluctuation was noticed after staisticd analysis
{' T value =0.50).

The results for the normal and the dysphonic groups on extent of

fluctuationin fundamental frequency in phonationare givenintables bel ow.

Goups | Mean | SD Range

NM 3.8/ | 169 |0-5.57

CM 28.90 | 17.85 |3.0-81.90

NF 280 | 134 0-4.83

- 24.79 | 17.34 |3.77-62.00

Table- 20: The mean, S.D. and range of extent of fluctuationin fundamental
frequency i n phonation for bot hthe groups.

G oups T Val ues | Significance
NMVs NF  0.50 -
NMVs CM 560 +
CMVs CF 059
CFVsNF 51 +

Tabl e - 21: Conpari si on of normal s and cases, both nal es and femalesinterns
of extent of fluctuationinfrequency inphonation.

Satistica analysis of this parameter showed that the two groups were
significantly different fromeach other, both in the case of mal es and femal es.
Inthisstudy it was found that the dysphonic mal es and fenal es had a greater
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nubmer of fluctuation than the normal males and females. In both the groups
no differences were seen between the males and the females. The abnormal
extent of fluctuation in the fundanental frequency in the dysphonics suggested
irregular vocal fold vibrations in different types of voice disorders. Smlar
results have been found by Ki met a., (1982), Yoonet. al.. (1984) | mai zum et
al. (1980), Nataraja(1986) and ot hers.

There was no significant difference between the males and fenales of
the normal and dysphonic groups. The mean and standard deviations were
hi gher (in dysphonic group) thanin the normal group. Thus, hypothesis stating
that there is no significant difference between males and females both in
normal s and dysphonics is accepted with reference to extent of fluctuation in
fundamental frequency in phonation. Hypothesis stating that there is no
significant difference between normals and dysphonics is rejected, as both
mal es and females showed significant differences in terns of fluctuation in

fundanmental frequency.

Fluctuations infrequency :
Speed of fluctuations infundamental frequency in phonation:

Speed of fluctuation has been defined as the number of fluctuations in
fundamental frequency (+- 3 H, and beyond) in a phonation of 1 sec.)

The mean standard deviation and range value of hoth normal and

dysphoni ¢ groups are shown in Tabl e - 22.

Femal es, sinlar to males showed very | owscore, interms of speed of
flucuation in fundanental frequency. No difference was noticed between the
mal es and femal es interns of speed of fluctuationin fundanental frequency (T
val ue 0.75).

Ki met.d., (1982) have reported a mean speed of fluctuation as 6 with a
S.D. of 8for 5adult mles, and 12 asmeanwith S D of 5.7in5 adult females.
Thei r subjects had shown a range of 0 - 24 (both mal es and fenal es) Nataraja
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(1986) has reported a mean speed of fluctuation as 6.2 with a S.D. of 4.53 for
normal males and meanof 6.18wthaS D of 41for normal females..

In the present study, normal males showed a mean 6.34 with an SD of
4.21 and val ues ranged from0 - 13. Normal females had a mean of 7.63 with
an SDof 3.30 and it ranged from0 - 12. No significant difference was found
between the males and females in this group. Smlarly, no significant
difference was observed between mal es and females in the dysphonic group.
Therefore, the hypothesis stating that there i s no significant difference between
mal es and females in both normals and dysphonics is accepted. Dysphonic
mal es and femal es had greater number of fluctuations than normal males and
females. This difference was found to be statistically significant. Thus,
hypot hesi s stating that there is no significant difference between nornals and
dysphonics is rejected with reference to speed of fluctuation in fundamental

frequency i n phonati on.

Group | Mean | D | Range

NM 6.3 | 4.21 0- 13

CM 31.53 | 15.9 |4-60

NF 7.63 |33 | 0- 12

CF 35.4 248 |0-88

Tabl e - 22: The mean, SDand range of speed of fluctationin fundanental
frequency i nnormal and dysphoni ¢ groups, both nal es and f enal es.

G oup TValue | Sgnificance
NM Vs NF 0.75 -

NM Vs CM | 3.60 *
CM Vs CF Q9 -
CF Vs NF 3.47 ¥

Tabl e - 23 Conpari sonof normal s and cases, both mal es and femal esinterns
of speed of fluctuationinfundamental frequency inphonation.
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Fluctuationsin Intensity in Phonationinterns of:

Extent of fluctuation (Pl X)

The extent of fluctuation in intensity has been defined as the average

fluctuationinintensity (+.3 dB or beyond) i na phonation of one second.

The mean val ues of both normal and dysphonic groups are shown in

Tabl e - 24.

As a group, the normal nales showed a mean of 1.30 and SD of 0.99.
This ranged from0 - 4 dB for this group. The mean extent of fluctuation in
intensity for the femal e group was 1.00 and S.D. was 1.17. It ranged from0 - 3

as i ncase of nornal females.

Ki met. a. (1982) have reported a mean of 4.2dBwitha S.D. of |.1dB.
and ranged from3 to 6 dBin case of males. Infemales, the mean has been 5.8
dBwith S.D of 0.8 dB and ranged from5-7 dB. In the study by Yoon et. a.
(1984), the range was 1.6-4 dB. Nataraja (1986) has reported a mean of 1.58
witha SDof 1.17 and ranged from0-4 i n fenal es. In case of males, mean was

2.45 with SDof 1.33 and ranged from0 - 4.

Inthe present study, the meanwas 2.34innormal maleswth SDof 1.23
and it ranged from0-4. In case of normal females, mean was 5.29 with SD of
8.67 and range from0 - 30. Females showed greater variability than mal es.
Further, there was no significant difference between males and females of
normal and dysphonic groups. Thus, hypothesis stating that there is no
significant difference between mal es and femal es i n both normal and dysphonic
groups is accepted. Further, the hypothesis stating that there is no significant
difference between normal s and dysphonics, is accepted both in case of nal es

and femal es as no significant differences were noticed.



69

Goup | Mean | SD | Range

NM 134 123 0-4

CM 527 1869 |0-30

N 16/ |18 0-6

- 520 1992 [0-50

Tabl e - 24: The mean, SDand range of extent of fluctationinintensityin
normal and dysphoni ¢ groups, both mal es and femal es.

Q oup TValue | Sgnificance

NMVs NF 0.35 -

NMVs CM 1.70 -

CMVs CF 1.60 -

CF Vs NF 1.78 +

Tabl e - 25 Conparison of normal s and cases, hoth mal es and femal esinterns
of extent of fluctuationinintensity.

Speed of fluctuationsinintensity :

Thi s has been defined as the number of fluctuationsinintensity (+. 3dB

or beyond) inaphonationof one second.

Tabl e - 26 presents the mean, SD and range shown in different groups

i.e, normal s and dysphonic both mal es and femal es.

The femal e group presented 1 as the measure of speed of fluctuationin
intennsity with SD. of 1.17 andarange of 0- 3was seeninthis group.

The normal mal e group al so presented al nost the same results and hence
did not differ significantly fromfenmale group. No significant difference was
found between mal es and femal es of the dysphonic group. Thus hypothesis
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stating that thereis no significant difference between mal es and femal es bothin
normal and dysphoni ¢ groups i s accepted with reference to speed of fluctuation
inintensity.

A mean of 1.28 and S.D. of 113 was shown by this group and ranged
form0-4. The normal mal e subjects of Yoonet. a's (1984) study have shown
greater range (0 - 7) than the subjects of the present study. However, Ki met. al
(1982) have reported 0 - 1 as the range for their subjects. The mean (0.6) and
the S.D. (0.5) were also less than the present ones in the study by Ki met. al
(1982) Findings simlar to the present results have been reported by Vanaja
(1986).

The results obtained for both the males and the females of both the
groups have been provided in tables 26 and 27. Sgnificantly different val ues
wer e obtained for the speed of fluctuation between the normal and dysphonic
groups, bothin case of mal es and femal es. Therefore, hypothesis stating that
there is no difference between normals and dysphonics is rejected, as both

mal es and femal es showed significant differences.

Goups | Mean | SD | Range
NM 130 |11 0-4
CM 4,93 1368 | 1-10
N 10 117 |0-3
CF 6.46 |7.32 |0-21

Table-26: The mean, SDand range i n nornal s and dysphoni ¢ bot h nal es
and femal es, interns of speedof fluctuationinintensity.

Groups T values | Sgnificance
NMVs NF | 0.86 _
NMVs CM | 3.64 ¥
CMVs CF |0.16 -
CFVsNF 4.01 ¥

Tabl e - 27 : Conpari si on of normal s and cases, both mal es and fenal es int
erms of speed of flucutations in intensity
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Thus the results of the present study were simlar towththe results of
the earlier studies. Therefore, the neasurenent of this paraneter was
consi dered as useful indifferentiatingthe dysphonics fromthe nornals. Based
on this finding the hypothesis stating that mere is no significant difference

bet ween nor mal s and dysphoni cs was rej ect ed.

Fundament al frequency Range in Phonation :

The difference between the maxi mum and m ni mum fundanental

frequency was consi der ed as the frequency range i n phonat i on of vowel |d.

The mean SDand range of frequency rangi ng phonation are presentedin
Tabl e - 28. Graph - 14 depicts the mean val ues of mal es and fenal es of both

the groups.

The normal fenal e group showed a mean of 9.73 H; and S.D. of 3.78
H,. The m ni numfrequency was 5H;, whereas the maxi mumfrequency was
20 H,. Both the mean and range were greater in female group than in male
group and it was found that the difference was significant staisticaly, as T

val ue was 0. 70.

Groups | Mean SD. Range
NM 6. 24 28 1 1-10
CM 226.66 | 82.66 |53- 405
NF 9.73 3.78  15-20
CF 119.46 | 81.26 | 44- 364

Tabl e- 28: Themean, the S.D. andthe range of fundanental frequency range
i nphonat i onfor bot hthe groups.

G oups T values | Sgnificance
NMWVsNF | 0.70 _
NM Vs CM |5.65 ¥
CMVs CF 085 _
CF Vs NF 5.50

Tabl e - 29: Conpari si on of nornal s and cases, both nal es and fenal es; in
terns of frequency rangeinphonation.
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The measur ement of this paraneter inboth the mal es and the fenal es of

the t wo groups, normal and dysphoniaare givenintables and

No significant differences between the mal es and the fenal es were seen
in the dysphonic groups. Smlarly, normal males and females did not show
any difference. Therefore, hypothesis stating that there is no significant
difference bet ween mal es and femal es both in normal and dysphoni ¢ groups is
accepted. Sgnificant differences were found between normal s and dysphoni c.
Thus hypot hesi s stating that there i s no significant difference between normal s

and dysphoni cs i s rej ect ed.

Fundament al frequency Range in Speech :

The frequency range i n speech was obtained fromthe anal ysis of three

sentences uttered three tines each (3 x 3) by the subjects of each group.

Tabl e - 30 shows the mean, SDand range of fundanental frequency in

speech of subj ects of bot h the groups.

The mean SFRval ue was 328.67 h; and the S.D. was 53.33. The SFR
ranged from235 H, to 446 H for this group. These were significantly higher
than the SFR values shown by males of the same age range. So it was
concl uded that femal es used greater frequency range than mal es i n speech.

Copal (1986), froma study of normal malesfroml6 - 65 years, reports
slightly [ower frequency range in speech. The frequency range in speech
ranged fromamean of 134 H, (for 16 - 25 years mal es) to a mean of 181.49 H,
(for 36 - 45years mal es). Themeanfor 16 - 35 years nal es has been 156. 51.

Groups | Mean | SD Range
NM 237.50 | 15.83 | 200- 260
CM 300.00 | 76.42 | 50- 400
NF 328.67 | 53.33 | 235- 446
0z 330.46 |50.50 | 200- 485

Tabl e-30: The mean, the S D and the range of fundanental frequency
range i n speech for bot h the groups.
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G oups T values | Sgnificance
NMVs NF 3.75 t
NM Vs CM| 2.88 ¥
CM Vs CF 0.93
CF Vs NF 0.32

Tabl e - 31 Conpari sion of normal s and cases, both mal es andfemalesinterns
of frequency rangeinspeech.

I'n the dysphoni ¢ group no difference was found between the mal es and
the femal es. The mal es and the femal es of the normal group had a significantly
different fundanental frequency ranges in speech. Hence hypothesis stating
that thereisnosignificant difference bet ween males and femalesinnormlsis
rejected and in dysphonics it is accepted. Sgnificant differences were found
bet ween nor mal s and dysphoni cs (T val ue =2.88). Thus hypot hesi s stating that
there is no significant difference between normal s and dysphonics is rejected

wi threferencetofrequency rangein speech.
Intensity Rangein Phonation :

The difference between the maxi mumand the m ni mumintensity in the
phonation of vowel |a was considered as the intensity range i n phonation (iun
dB).

3.3 dBand 1.7 dB were seen as the mean and the SDin mal es of nornal
group. It rangedfromam ni mumof 1 dBto amaxi mumof 7 dB. The nor mal

female group showed slightly greater intensity range than the male group.
However, there was no significant difference between the normal male and

femal e groupsinterns of intensity rangein phonation.

The femal e group showed a mean of 23.99 dBwith SD of 4.45 dB. The
intensity range was ranged from17 dBto 39 dBinthis group.
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Goups | Man | SD | Range

NM 3.30 | 174 | 1-7

CM 8.86 [4.33 |2-19

NF 23.99 545 |17-39

CF 9.43 424 | 2-18

Tabl e - 32: The mean, the S D and the range of intensity range i n phonation
for bot h the groups.

G oups T Values | Sgnificance
NMVsSNF | 0.40
NMVs CM | 2.87 *
CMVs CF | 0.60
CFVSNF 4.26 +

Tabl e - 33 Conparisionof normal s and cases, both mal es and femal es, in
terns of intensity rangein phonation.

The results obtained in the present study in the normal and the
dysphoni ¢ groups (mal es and f emal es) are presentedintables - 34 and 35.

Both males and females of dysphonic group had higher mean val ues
(8.86 and 9.43 respectively) than normals. However, the variability was not

muchdifferent inthisgroup conparedto nornals.

The results have shown no significant difference between the mal es and
the femal es of the dysphonic group. This was same as in the normal group.
Thus the hypot hesi s stating that thereis no significant difference bet ween mal es
and females in normal and dysphonic groups is accepted. A statisticaly
significant difference was observed between the normal and the dysphonic
groups for both the mal es and the females. Simlar reports have been made in
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theliterature, as nentionedinthereview Thus hypothesis statingthat thereis
no significant difference between the normal and dysphonic group is rejected
withreferencetothis paraneter.

Intensity Rangein Speech :

The intensity range i n speech has been defined as the difference bet ween

the maxi mumand m ni numintensity i nthe utterance of a sentence.

Tabl es 34 and 35 present the results obtained on this paraneter in both

the groups.
Goups | Man S D | Range
NM 26.5 | 4.05 | 15-30
CM 25.36 | 5.43 | 15-35
NF 23.99 |5.45 | 17-39
CF 28.20 | 6.25 | 18-40

Tabl e - 34: The mean. S.D and range of intensity range i n speech, innornal s
and dysphoni cs, bot h mal es and f enal es.

G oups T Val ues | Sgnificance
NM VsNF | 123 -
NMVs CM | 0.17 -
CMVsCF 0.19 -
CFVsNF | 1.10 -

Tabl e - 35: Conpari si on of nornal s Vs cases, both mal es and fenal esinterns
of intensity rangein speech.

A mean of 26.5 dB and a SD of 4.05 dB were presented by the nor nal
mal es interns of this paraneter. The range of intensity range i n speech was

15- 30dB.
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The normal fenal e group showed a mean of 23.99 db with SD of 5.45
dBandit ranged froma m ni mumof 17 dBto a maxi mumof 39 dB.

In terms of this paraneter, no significant difference was noticed
bet ween the mal es and the fenal es of normal groups. Smlarly, no significant
di fference was observed bet ween nal es and fenal es of dysphoni ¢ groups, who
had mean val ues of 25.36 and 28.20 with SD of 5.43 and 6.25 respectively.
Not much difference in the mean and SD values of normal and dysphonic
groups wer e observed, bothin males andfemales. Thus hyothesis stating that
there is no significant difference between males and femal es both in normals
and dysphoni cs i's accepted. Conparison of normals and dysphoni cs showed
no significant difference in T-test values. Therefore, hypothesis stating that
there is no significant difference bet ween normal s and dysphonics is accepted

internsof thisparameters.
RisingtineinPhonation:

Theterm'Rsetime' or "Risingtime was defined as the period extending
fromthe onset of phonation to the point at which the envel ope anplitude

reached the val ue of steady phonati on.

The results of the two groups has been provided i n Tabl es and

Groups | Mean | D Range
NM 8.80 2.54 6- 14
CM 17.42 | 11.50 | 7-50
NF 9.1 3.28 4- 18
F 21.00 | 12.00 |9-52

Tabl e- 36: Themean, SD. andrange of risingtineinnormalsand dysphonics,
i nbothnal es and femal es.
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G oups T Values | Sgnificance

NM Vs NF | 150

NM Vs CM | 4.36 '
CMVs G |0.09
G Vs NF 1335 t

Tabl e - 37 : Conparision of normals and cases, bothinmalesandfemalesin
ternms of risingtimeinphonation.

The normal mal e group showed a mean of 8.80, witha SDof 2.54 and i t
ranged from6- 14 cs. Vanaja (1986) reported a mean rising time rangingfrom
11.62 - 14 csin 16 - 65years mal es. The normal fenal es group showed a mean
of 9.11 Csec. witha S D of 2.28 csec. and it ranged from4 to 18 csec. No
significant difference between normal males and female was found, T value

being = 1.50.

Vanaja (1986) who studied males and females of the same age group
using the same definition and procedure reported a mean of 12.58 csec. and
11.82 for mal es and fenal es respectively. She also reported no significant
difference between mal es and females in terns of rising time. Yoon et. d.,
(1984) had found the rising tine varying fromb5.2 csec. to 11.1 csec. in males.
Ki met. a., (1982) reported a mean rising tinme of 10.95 csec. witha S.D. of
2.89 csecinnormals. Inspite of the fact that the definitions used differ fromthe
present study, these results coincidewththe present findings. Nataraja(1986)
found not much change with age inrisingtime andthe risingtime liedin the

range of 5- 16 csec. for the age range 16 - 45 years.

Both mal es and femal es has shown higher meand and SD val ues (17.42
and 21.0 with SD of 11.50 and 12.00) respectively conpared to nmales and

femal es of normal group.
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Satistica analysis indicated that there was no significant difference
bet ween the mal es and the femal es of the dysphonic group. This was simlar to
the results seen in the normal group. Thus hypothesis stating that there is no
significant difference between males and females in normal and dysphonic
groups i s accepted. However, it reveal edthe presence of asignificant difference
between the t wo groups, i.e, the normal and the dysphonic (both for the mal es
and for the femal es). Therefore, hypothesis stating that there i s no significant
difference between normals and dysphonics is rejected, as both males and

femal es showed significant differences.

These results were found to be consistent with the findings of Nataraja
(1986) who had found no significant difference in rising tinme between the

mal es and f emal es of both the groups.
Falling timein phonation :

"Falling time" was defined as the period extending fromthe point at
whi ch the envelope anplitude with value of steady phonation ends to the

termnation of phonati on.

The study of Table-38 and 39 shows a mean falling time of 9.68 in
normal males, with a SDof 2.96 csec. and this duration ranged from6 - 17
csec. Normal female group showed 8.19 csec. as mean with 2.94 csec. as
S.D. and arange of 2 - 15 csec. No significant difference between mal es and
femal es was found, as T-value was 1.50. The mal es and fenal es of dysphonic
group showed mean values of 25.50 and 15.37 with SD of 11.46 and 8.47
respectively. The males and fenal es of dysphonic group showed hi gher mean
values with greater variability conpared to normal males and females interns

of fallingtine.

Smlar findings have beenreported for Indian males with the age range
of 16-65 years (Vanaja, 1986). Two other studies (Ki met. a., 1982 and Yoon
et.d., 1984) usingsligntly different definitions have found a mean of 8.89 csec
and 5.61 csec. respectively. Kimet a., (1982) report a mean of 9.02 Csec.
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with SD. of 2.27 for normal femaes. However, the range reported by them

matches with the range found in the present study.

Groups| Mean| SD.| Range
NM 9.68 2.96 6- 17
CM 2550 | 1146 | 5-50
NF 879 | 294 | 2-15
CF 1537 | 847 10-35
Table- 38: The mean, the SD. and the range of falling time in phonation in
both the groups.
Groups T Vaues | Significance

NM VsNF | 150 -

NM VsCM | 2.60

CM VsCF | 0.99 -

CF VsNF 3.89 +

Table- 39: Comparision of normals and cases, both in males and females in
terms of falling time in phonation.

The fdling time values for both the males and the females of the two
groups are given in Tables 38 and 39. There was no significant diference
between the males and the females, in both the groups, thus supporting
hypothesis stating that there is no significant difference between males and
femaes both in norma and dysphonic groups. The males and femaes of
dysphonic group showed a longer faling time than the normals. This
difference was found to be statistically significant.  Therefore, hypothesis
stating that there is no significant difference between normals and dysphonics is

rejected with reference to falling time in phonation.
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Spectral Parameters:

Spectral analysis of voice phonation of vowel [ was done. The vowel
|a] was analyzed from 0-5 Khz to obtain.

1) The ratio of intensities above 1 Khz (1-5 Khz) to intensities below 1
Khz (0- 1 Khz) i.e,

_ Mean Intensitiesabove\KHz
~ Mean Intensitiesbelow \KHz

2) The ratio of intensities of troughs to intensities of peaks in the
frequency range of 2 - 3 Khz (AC) i.e,

_ Mean Intensities qf trougps

AC = iean Tniensities of peaks (in 2-3 KHz range)

3) The first formant frequency (AD) :

AA. Ratio :

The AA ratio was defined has the ratio of intensity above 1 kHz to

intensities below 1 kHz.

The normal female group showed a greater range and variability than the

normal males.

The mean for the femae of normal groups was 0.50 and SD was 0.15
and it ranged from 0.30 to 0.7 wheress for the males of normal group the mean
was 0.52 and SD was 0.15 and ranged from 0.4 - 0.7. The comparison between
males and the females in terms of this parameter showed no significant

difference between the two groups (0.6).

The results of (the ratio of intensities above 1 Khz to intensities below 1
Khz) are shown in Tables and there was no significant difference between the
males and the females of the dysphonic group on this parameter. The maes
and the females of the normal group also showed no significant difference.

Thus the hypothesis stating that there is no significant between males and
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femaes in both normal and dysphonics broups is accepted with reference to

AA ratio. A datistically sgnificant difference was found between the
dysphonic and the norma groups.

The dysphonic group showed lower values than the normal group. This
parameter differentiated the dysphonic males from the normal maes. There

was no significant difference between females of dysphonic group and normals.

Groups | Mean | SD. Range

NM 0.52 015 | 0.4-0.7

CM 050 014 | 0.30-0.8

NF 051 |015 |0.3-0.7

CF 060 |025 |0.20-0.9

Table - 40: The mean, the SD. and the range of AA ratio of both the groups.

Groups T Vaues | Significance

NM VsNF | 0.55 -

NM VsCM | 240 +

CM VsCF |0.30 -

CM VsNF | 14 -

Table - 41: Comparision of normals Vs cases, both in males and females, in
terms of ratio of intensities below and above 1 Khz.

AC Ratio:
The intensity difference between the peaks and troughs in the range of 2

-3 Khz has been considered as a useful measure in the diagnosis of voice
disorders (Imaizumi et. a., 1982; Kim et. a., 1982 and Yoon et a., 1984)

Natargja, 1986.
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The normal mal es showed that the intensities of the peaks were al ways
much highr than the intensities of the troughs, there was no difference between
the AC Score of the three subgroups of the males, as shown by Table. The
mean for the mal e group was 0.52 withs.D of 0.056. It ranged from0.4t00.6

The femal e groups showed a mean of 0.22 with S.D. of 0.065 and it
ranged from0.1 to 0.5.

Ki met.a., (1982) and Yoon et.d. 919840 al so report higher intensities
on peaks than on troughs. Kimet.ad. 91982) report the occurrence of a
difference between nmales and females on this parameter females show ng
greater intensities on peaks than mal es. Nataraja(1986) foundsimlar results.

The AC. Ratio val ues as observed are presented in Tabl es - 42 and 43
There was a negligible difference between the males and the females of the
dysphoni ¢ group inthis paraneter and it was not significant. However, there
was a significant difference between the males and females of the nornal
group. Thus hypothesis 2isrejectedw threferenceto this paranmeter.

Goup | Mean | SD Range

NM 0.52 |[0.02 |04-06

CM 0.50 | 0.47 |0.19-0.70

NF 0.22 |0.065 |0.1-0.5

- 025 [0.20 |0.30-0.8
NM Vs NF 800 *
NM Vs CM 0.73

CMVs O 0.9

CFVSNF  2.30 +

Tabl e - 43: Conpari sion of normals Vs cases, bothin nmales and females in
terns of Ratio of intensities of troughs and peaks bet wen 2-3 Khz.
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Frst formant frequency:

Several investigators like Choi et.d., (1980). Kimet.d. 91982) and
Yoon e.d., (1984) have considered the first formant frequency as one of the

paranetersinthe diagnosi s of voi ce di sorders.

The mean for the group of females is 675 Hz with S.D. of 83.01 and it
ranged from457 Hz to 820. These val ues were much greater than the val ues

shown by mal esi.e, mean of 641.5.

Tabl es - 44 and 45 showthe first formant frequency in nmal es and the
femal es of the dysphonic group and the mal es and the fenal es of the normal
group. There was a significant difference bet weenthe mal es and the fenal es of
the dysphoni ¢ group simlar results were seenwthinthe normal group. There
was no difference bet ween the dysphoni ¢ group and the nor mal groups of nal es

and f emal es.

Goup | Mean SD Range

NM 641.5 | 13.32 | 623- 680
CM 650. 73 | 127.83 | 400 - 856
N 675.2 |83.01 |457- 820
- 700.00 | 100.43 | 500- 850

Table- 44: The mean, S.D. and range of first formant frequency i nnormal s
and cases. |nhothnal es andfenal es.

G oups T Val ues | Sgnificance

NMVs NF | 1.43 -

NMVs CM | 0.73 -

CMVs CF | 168 -

CF Vs NF 173 -

Tabl e - 45: Commpari si on of nornal s Vs cases, both mal es and femal es i n
terns of first formant frequency.
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In the present study no significant difference was found between the
mal es and femal es in both normal and dysphonic group. Thus hypothesis wis

acceptedwi threference tothefirst formant frequency.

Thus the results can be listed as fol | ows:

Par amet er Normal | Dysphonics| NMiles | Females
MVs F MVs F NVsD| NvsD

VC + + _ _
NMAFR — — + +
PQ - - s
VVI + — + 4

MPD + — + +
SZ — — — +
OF + + — _
PFF + — + +
EFF — — + +
EH — — — _
H — — + +
FRP — — + +
FRS + — + _
| RP _ — + +
| RS _ — — _
RT B _ + N
FT _ — + B
FFS i x x -
AA Ratio — — + —
AC Ratio + — _ +
First For mant frequency - — - -

(1) S|gn|f|can t difference
(-) No significant difference.



Factor Anal ysis:

Factor anal ysis was carried out tofind the factors underlying the nor mal
and abnormal voices and to determne the paraneters of this factor and their
relation. Factor analysis using twenty-two parameters was anal yzed both in
normal s and dysphoni cs separately using SPSS software program  Principal
axi s-Qthogonal rotation-varinax Iteration method was used for both the

anal ysi s.

Anal ysi s of data of normals yielded five factors, which accounted for
100%variance. The results are presented in Table - 46. The study of table
showed that Factor -1 had the fol | owi ng paraneters as its conponents :

1. Mital capacity
2. Maxi mumphonation duration
3. Fundanental frequency in speech
4. Fundamental frequency in phonation
Fundament al frequency range in phonation
. AC(Ratio of intensity of troughs and peaks between 2 and 3 kHz)

5

6

7. Rising time of phonation
8. Optimumfregauency

9

Vocal velocity index

It was also observed fromthe Table - 46 that Factor - 1 had both
Aerodynam ¢ and Acoustic paraneters. Therefore, this Factor was termed
Aerodynam c- Acoustic Factor. This factor accounted for 40 % of variance.
Thi s factor had two paraneters, i.e, OptimumFrequency and Vocal velocity
index with negative correlation, whereas al other parameters had positive
correlation. Even though optimumfrequency was a frequency paraneter and
Vocal velocity was an aerodynam ¢ parameter they had shown correlation.
Thi s relationship appears to be a chance factor. The other paraneters \ital
Capacity and Maxi mumPhonation Duration have beenreported to be related to
each other i.e, maxi mumphonation duration is dependent on Vital Capacity.



86

Further Fundanent al frequency inspeech, Fundamental frequency inPhonation
and Fundament al frequency Range in Phonation are related to each other and

dependent on frequency of vibration of vocal cards.

AC ratio of intensity of

troughs and peaks between 2 and 3 kHz) and rising time of phonation even
though not related to fundamental frequency of vocal fold vibration directly
they can be consi dered to depend at |east partly on vocal fold vibration. Thus
this factor seems to be inportant having high factor | oadi ng and al so i nvol ving

maj or physi ol ogi cal paranet ers of voi ce production. .

FACTCRS

Vari abl es F1 F2 F3 H 5
Vital capacity 0.946 | -0.150 -0.07 0.111 | 0.006
Fundament al in phonation 0.936 | -0.107 0. 002 0.002 | 0.182
Fundament al in speech 0.932 | -0.13 0.001 0.001 | 0.170
Rsingtimeinphonation 0.926 | 0.158 0.105 0.008 | 0.003
Opt i mum frequency -0.926 | 0.004 0. 007 0.187 | -0.114
AC Ratio 0.883 | -0.001 0. 109 0.004 | 0.009
Maxi mum phonation duration 0.827 | 0.370 0. 006 0.172 | -0.121
Vocal velocity index -0.779 | 0.004 0.170 0.274 | -0.002
Frequency in phonation 0.646 | 0.260 0.498 | -0.175 | 0.006
Intensity range in phonation. 0.162 | 0.731 0008 0.007 | 0.116
Phonation Quotient 0.296 | -0.689 | -0.265 0.008 | 0.247
Extent of fluctuationinintensity -0190 | 0.687 0. 007 0.35 | 0008
AA Ratio 0.149 | 0.208 | -0.721 0.006 | 0.005
Fundament al frequency in speech 0.265 | 0.182 0.673 0.102 | 0.325
Frequency range i n speech -0.132 | -0.146 | -0.497 | -0.383 |-0.433
SIZ Ratio -0.195 | 0.009 0.357 0.007 |-0.338
Falling timein phonation 0.138 |-0.225 | -0.341 | -0.131 |-0.190
Meanar flowrate 0.0148 | 0.007 0. 002 0.720 | 0.007
Speed of fluctuationinintensity -0.171 | 0.219 0.008 | -0.006 | 0.004
Intensity rangein speech 0.187 | 0.009 0. 003 0.002 | 0.627
Extent of fluctuationin Fundament al -0.200 | 0.009 | -0.109 0.39 | 0.616
frequency

Frequency of first formant 0.237 |-0.186 0.204 | -0.277 | 0.513

Tabl e Principal component anal ysis

Var i max w t h Kai ser Nornal i zati on
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Inan attenpt Nataraja (1987) found simlar results i.e, Factor - 1 had
eight parameters, which were same as the ones found in the present study
except that he had found frequency range in speech in place of frequency range
i n phonation. Inthe present an additional factor of risingtimein phonation has
been seenin factor - 1. Thus the results of the present study was considered
reliable.

1. The extent of fluctuations inintensity
2. Theintensity range in phonationand
3. Phonation quotient

This factor accounted for 22% of the variance and considered an
inportant factor. The first two paraneters, the extent of fluctuations in
intensity, the intensity range in phonation had positive correlation with each
other, whereas Phonation quotient had negative correlation. This factor was
termed Intensity Factor, as two out of three parameters were intensity
parameters and related to each other positively. The third parameter the
phonat i on quotient whi ch was an aerodynami ¢ paraneter seems to be occurring
by chance rather than having any rel ationship to the other t wo paraneters.

Nataraja (1987) hasreported a simlar factor with three paraneters. But
he had found the speed of fluctuations as one of the parameters, whereasinthe
present study Phonation quotient was observed in place of speed of

fluctuations.

The third factor that was notice in the factor analysis consisted of four

parametersi.e,

1. Frequency rangein phonation

2. Speed of fluctuations in frequency

3. Frequencyrange in speech

4. Theratioof Intensities of trough and peaks in 2-3 kHz( AA)
The first three parameters, frequency range in phonation speed of fluctuations
in frequency and frequency range in speech had positive correlation whereas
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the fourth parameter, the ratio of Intensities of trough and peaks in 2-3
kHz ( AA) .

Had negative correlation. The first three paraneters were dl frequency
parameters and dependent on frequency of vocal fold vibration and the ratio of
Intensities of trough and peaks in 2-3 kHz (AA) was partly dependent on
frequency of vibration and negatively relatedto other paraneters.

This factor was termed Frequency factor and it accounted for nearly
18 %of the variance. This was considered an inportant factor as it contained
the frequency conponents whi ch were directly dependent on vibration of vocal
folds. The present findings differed fromthe findings of Nataraja (1987), as
only two parameters i.e, frequency range in phonation and speed of
fluctuations in frequency were the only common paranmeters between the two
studies under factor three. He had found other parameter such as extent of
fluctuation in frequency in phonation, which was dependent on frequency of
vocal fold vibration as the paraneters of the present study. However, it is
interesting that even though different paranmeters are found in two studies they

are still relatedtofrequency of vibration of vocal folds.

The fourth factor that was notice was a conbi nation of aerodynam ¢ and
intensity related parameters. This factor had only two paraneters i.e, Mean
airflowrate and Speed of fluctuation in Intensity. The parameter mean airflow
rate had positive correlation the other parameter, speed of fluctuation in
intensity had shown negative correlation. This factor accounted for only 14%

of thetotal variance.

Factor - 5 hadfour paranetersi.e,
1. Frequencyrange in speech
2. Intensity rangein speech
3. Extent of fluctuations in frequency
4. Hrst formnt frequency
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The first three paraneters namely frequency range in speech, intensity
range i n speech and extent of fluctuations in frequency had positive correlation.
The fourth paraneter Frst formant frequency had negative correlation. This
factor had a totd variance of 11% Two out of four parameters were of
intensity therefore it was named as Intensity factor-2.  The extent of
fluctuations in frequency was related to frequency of vibration of vocal fold
vibration and the other paraneter first formant frequency was related to the
vocal tract resonance. There were these two were considered not related to

each other and to other paraneters of this factor.
Thus the factor anal ysi s of normal voice yiel ded five factorsi.e,

Factor -1 - Aerodynam ¢ Acoustic Factor :

—

Vital capacity

Max i mumphonation duration

Fundanment al frequency in speech

Fundanment al frequency in phonation

Fundanent al frequency range in phonation

. AC (Ratio of intensity of troughs and peaks between 2 and 3 kHz)
. Rising time of phonation

Opt i mumfregauency

Vocal velocity i ndex

Factor - 2 - Intensity Factor :
The extent of fluctuationsinintensity
The intensity range i n phonation and
Phonat i on quot i ent

Factor - 3- Frequency Factor :

1. Frequency range i n phonation

2. Speed of fluctuations in frequency

3. Frequency range i n speech

4. The ratio of Intensities of trough and peaks in 2-3 kHz ( AA)
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Factor - 4 - Aerodynam ¢ and Intensity Rel ated Parameters :
1. Meanar flowrate
2. Speed of fluctuationinintensity

Factor - 5- Intensity Factor -2
1. Frequency range in speech
2. Intensity rangein speech
3. Extent of fluctuations in frequency
4. Hrst formant frequency.

Nataraja (1987) hadfound atota of sevenfactors. Whereas the present
study accurated for 100%variance usingonly five factors. The fourth and fifth
factors of the present study had included (a) meanar flowrate, (b) speed of
fluctuation in intensity (c) frequency range in speech, (d) intensity range in
speech, (e) extent of fluctuations in frequency and (f) first formant frequency.
\Whereas the factors 4 and 5 of earlier study Nataraja (1987) had different
paraneters other than ones found in the present study i.e, phonation quotient,
(Thi's had appeared as a paraneter of Factor - 2 inthe present study), meanair
flowrate (this had occured in factor-3 of the present investigation) Vocal
velocity index (which was seen as a parameter of Factor-1 of the present

study).

Thus al the parameter which were found in the factors of normal voice
inthe earlier study (Nataraja 1987) were found in the present study also as

useful inexplainthe varianceinnormal voice.

The factor anal ysis of data of dysphonics yielded the follow ngresults.

FACTCORS
Vari abl es H F2 R H 5 Fo F7
Opt i mum frequency -0.815| -0.143| 0003 | -0.163, 0006, 0002| 0007
Mital capacity 0.765| 0603 | 0509, 0.409| -0492 0.340| 0602

Fundamental frequency in| 0625 0008, 0006 0329| 0005 -0.297| -0319
phonat i on

Extent of fluctuation in| -0.589| -0.006 | -0105| 0346 0195| 0228| -0.145
fundament frequency




a

Intensity range in speech 0.609| 0.347| -0.345| 0.317 0. 007 0.139| 0.001
Meanair flowrate 0.001| 0.746] 0.291| 0.281| -0.299 0.008| 4)001
Phonat i on Quot i ent 0.196| 0.723| 0.321| 0.002, 0.279 0.182| 0.002
Maxi mum phonati on 0.338| -0.623| -0.266| -0.002| ~-0.004 0.159 | 0.004
duration

Vocal velocity i ndex 0.430| 0.685| 0.213| 0.382| -0.158| -0.263| ~-0.004
Frequency range i n speech -0.293| 0.148| 0.315| 0.009| -0.210| -0.333| 0.004
Extent of fluctuation in| 0.009| 0.002| -0.575| 0.403| 0.003 0.003| 0.005
intensity

Fundamental frequency in| -0.270| -0.139| 0.498| 0.313 0.116 0.420| -0.326
speech

Frequency of first formant 0.367| -0.115| 0.443| 0.001 0. 267 0.156 | -0170
Frequency in phonati on -0.283 | 0.006 | 0.425| -0.349 | -0.153 0.247| -4.116
Speed of fluctuation in 0.303| 0.003| -0.220| 0.522 | 0.212 0.114 | 0.232
intensity

Fundamental frequency in | 0.009 | -0.132| -0.182 | -0.002 | 0.662 | ~-0.110| 0.001
speech

S/ZRatio 0.255 | 0.009| 0.394| 0.008| 0.145 | -0.429| 0.248
Intensity range in phonation 0.180 | 0.262 | 0.008 | -0.264 | 0.186 | 0.4087 | 0.614
Risingtimeinphonation 0.228 | -.0135 | 0.252 | 0.136 0.008 | -0.353 | 0.003
Ratio of intensities of | 0.008  0.099 | -0.196 @ -0.394 | 0.009 0.006 | (i.004
har moni ¢s and noisein2 - 3

kHe.

Ratio of intensities above 1 | -0.202 | -0.176 | 0.322 | 0.354 | 0.307 0.002 | 0.219
kHz to intensities below 1

kHz.

Fallingtinmeinphonation -0.130 | -0.390 | 0.391 | 0.255 | 0.002 0.001 | 0.285
Table :  Varimax Rotation Factor matrix for dysphonic groups.

Factor -1: Consistedof sixvariables:

Theywere:

a) Opti mumfrequency

b) Vital capacity

¢) Fundanmental frequency i nphonation

e) Intensity range in speech

f

Vocal velocity index.

)

d) Extent of fluctuation, infundanental frequencyin phonation
)
)
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Three of the above parameters were found to be negatively correlated
w th each other i.e, optimumfrequency, extent of fluctuation in fundamental

frequency and vocal velocity index.

The other paranmeters had positive correlation. This factor had both
aerodynam ¢ as well acoustic paraneters and accounted for 4 0%of the tota
variance. This paraneter was termed "Aerodynam ¢ - acoustic factor' and
consi dered to be an inportant factor in explaini ng dysphonic voi ce.

A conparison of this factor with the factor-1 found in case of normals
showed that it had only four parameters in common they were (1) optimum
frequency, (2) vita capacity, (3) fundamental frequency in phonation and (4)
Vocal velocity inindex. These parameters were also found to generally show
no difference between dysphoni cs and normals. This factor in dysphonics had
i ncl uded ot her paraneters such as (1) extent of fluctuationin frequency and (2)
intensity range in speech. The results of the earlier study (Nataraja 1987)
showed that these parameters had scattered and found in different factors.

Factor- 2 :consisted of six variablesi.e,
a) Meanairflowrate
b) Phonation quotient
¢) Maxi mumphonation duration
e) Vocal velocity index

)
d) Mital capacity
)
f)

Frequency rangein speech

One of the above parameter i.e, the maxi mumphonation duration had

negative sign.

The above results have beensimlar totheresults of the study conducted
by Nataraja (1987). Two paranetersie., meanairflowrate and vocal velocity
i ndex have heen found common bet ween this study and Nataraja (1987) study
like (a) optimumfrequency and vital capacityin one factor and meanar flow
rate and vocal velocity index in another factor. This difference between the



two studies may be because of inclusion of differences in types of dysphonics

I nvol ved i n these t wo studi es.

Thi's factor basically had aerodynam c paranmeters except for frequency
range in speech. Therefore, this parameter was named 'aerodynam ¢ factor'.
Al the parameters were positively correlated except for maxi mum phonation
duration. Vocal velocity index had appeared in Factor-1 also other than that
none of these had occurred in Factor-2 of normal group, but had occurred in

different factorsinnornals.

Factor - 3- Consistedof fivevariablesie.,
a) Mtal capacity

b) Extent of fluctuationin intensity

¢) Fundamental frequency in phonation

d

e

Frequency of first formant

)
)
)
) Frequency range i n phonati on.

This factor had paraneter of aerodynamcs and acoustics. This had
parameters whi ch were found in factor one such as and vocal velocity index.
Thi's factor accounted for nearly 20%of the total variance. This factor was
termed aerodynamc - acoustic factor -2. Again like in other factors the
paraneters of this factor was found scatted in other factors in normal voice.
Smlarly these parameters had not occurred together in any of the factors of

dysphoni cs earlier study.

Thi's study has found four parameters to be included in addition to the
paraneter found by Nataraja (1987) i.e, Fundamental frequency in phonation

whi ch has been common.

This factor had three paraneters out of which two were related to
intensity. Therefore, this factor was formed intensity factor. This had a
variance of 14% Al the parameter were positively correlated. None of the
paranmeters of this factor overlapped with other factors as can be seen from
Tabl e.
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These results differ from Nataraja (1987) study who found phonation
quotient and maxi mum phonation duration as belonging to Factor-4. Al the

three variables are positively correlated wi th each other.

Factor - 5: hadtwo variables :
a) Maxi mumphonation duration

b) Vital capacity
Bot h the above parameters wer e negatively correlated with each other.

The above paraneters are al so foundin Factor - 1.

This factor had a paraneter that was common with factor-4.  This
parameter had a variance of 12% This factor had durational parameter hence
called Durational Paraneter. As stated earlier the factors of the dysphonic
group did not had parameters in common with the factors of normal voice.
However, factor simlar tothiswas foundin earlier study by Nataraja (1987)

In contrast to the above findings Nataraja (1987) reported of the
fol | ow ng paraneters as bel ongingtofactor -5, i.e,
a) Extent of fluctuation
b) Speed of fluctuations and
¢) Range of fundamental frequency in phonation.

Factor - 6: - hadthreevariables :
a) Fundamental frequency in phonation
b) Intensity range in phonation.
c) SZratio

One of the paraneter i.e, fundamental frequency in phonation has also

been foundin Factor - 3.

Only one parameter i.e, intensity range in phonation was found
commonly in Factor-6 in Nataraja (1987) study and the present study. Instead
of the S'Z ratio and Fundamental frequency in phonation, he found extent and
speed of fluctuation in intensity as belonging to this factor. This paraneter
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accounted for nearly 8% of the variance, two paraneters had positive
correlationwhereas Sz ratio had negative correlation. These paraneters, seem
to be not related to each other and m ght occurred as a chance. This factor was
termed Additional Factor-1. The paraneter of this factor, (1) and (2) had

occurredinfactors of normals, but not §z.

Factor - 7- hadtwo variablesi.e,
a) Intensity range in phonation and
b) MVital capacity

Bot h the above parameters were positively correlated with each other.
Nataraja (1987) had found 7 factors with a maxi mum3 paranetersin
each factor and none of the factors of the present study were simlar to the

factorsreportedearlier.

Thi's parameter accounted for a variance of 6% and termed additional
factor-2. The paraneters of this factor were seento occur indifferent factors of
normals. Intheearlier study by Nataraja (1987) these paraneters had appeared

inthe ot her factors.

In contrast to the present study Natarja (1987) found rising tinme and

fallingtimeinphonationasrelatedtothis factor.
Thus the fol | owing seven factors wer e observed i n case of dysphoni cs.
Factor- 1: Consisting of six variablesi.e,

a) Optimumfrequency
b) Mital capacity
¢) Fundamental frequency in phonation
d) Extent of fluctuation, infundamental frequency in phonation
e) Intensityrange in speech
f) Vocal velocity index.
Factor- 2 :consisted of six variablesi.e,
a) Meanairflowrate
b) Phonation quotient



¢) Maxi mumphonation duration

o

Vital capacity

D

)
)
) Vocal velocity i ndex
)

f) Frequencyrangein speech

Factor - 3- Consistedof fivevariablesie.,
a) Mital capacity

b) Extent of fluctuationinintensity

[ep)

Fundamental frequency in phonation
d
e

Frequency of first formant

)
)
)
) Frequency range i n phonation.
Factor - 4: hadthreevariables i.e,

a) extent of fluctuationinintensity

b) Speed of fluctuationinintensity
c) Mital capacity

Factor - 5: hadtwo variables :
a) Maxi mumphonation duration
b) Vital capacity

Factor - 6: - had three variables :
a) Fundamental frequency in phonation
b) Intensity range in phonation.
¢) SZratio

Factor - 7- hadtwo variablesi.e,
a) Intensity range in phonation and
b) Mita capacity

Thus the above parameters were used by both normal as well as

Some of these

dysphoni ¢ voices to explain variance of nearly 90 - 95%.
parameters had also shown the difference between the two groups normals and

dysphoni cs.
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Thus the objective of the present study to determne the factors
under|ying normal and abnormal voice was achieve. [t has also shown the
paraneters constituting these factors. The significant finding of the study that
needs to be noted was that the paraneters whi ch were found to have occurred

toget her that innormal voice had disintegrated i n abnor mal voi ce.

Thus the results of the present study can be summarized as fol | ows:
The fol | owi ng parameters showed significant difference between normals and
dysphoni cs.

1) Mtal capacity
2) Vocal velocity index

w

) Maxi mumphonation duration

~

Opt i mumfrequency

(8]

Fundanent al frequency i n phonation

~ O

)
)
) Fundanental frequencyin speech
) Frequency range i n speech

)

8) Ratioof intensities of harnonicstonoisein2-3kHz.

Further, the factor analysis yielded the follow ng factors in normal

VOI Ce.

Factor -1: Consisting of the parameters
1. Mital capacity

N

Maxi mumphonation duration
. Fundamental frequency in speech

3

4. Fundamental frequency in phonation

5. Fundamental frequency range in phonation

6. AC(Ratio of intensity of troughs and peaks between 2 and 3 kHz)
7. Rsing time of phonation

8. Optimumfrequency

9. Vocal velocity index



Factor - 2: Consisting of the parameters
1. The extent of fluctuationsinintensity
2. Theintensity range in phonationand

3. Phonat i on quotient
Factor - 3: Includingthe paraneters

1. Frequency range inphonation
2. Speed of fluctuations in frequency
3. Frequency range i n speech
Factor - 4: Includingthe paraneters
1) Meanair flowrate
2) Speed of fluctuationinintensity.

Factor - 5: Havingfour parametersi.e,
1. Frequencyrangein speech
2. Intensityrangein speech
3. Extent of fluctuationsin frequency

4. Hrst formant freguency
The fol | ow ng factors wer e observed i n abnor mal voi ce.
Factor- 1: Consisting of sixvariablesi.e,

a) Optimumfrequency
b) Mital capacity
¢) Fundamental frequency in phonation
d) Extent of fluctuationin fundanental frequencyin phonation
e) Intensityrangein speech
f) Vocal velocity i ndex.
Factor- 2 :consisted of six variablesi.e,
a) Meanairflowrate
b) Phonation quotient
c) Maxi mumphonation duration
d) Vital capacity



e) Vocal velocity index
f) Frequency rangein speech

Factor - 3- Consistedof fivevariablesie.,
a) Mital capacity

b) Extent of fluctuationinintensity

¢) Fundamental frequency in phonation

d

e

Frequency of first formant

)
)
)
) Frequency range i n phonation.
Factor - 4. hadthreevariables i.e.

a) extent of fluctuationinintensity

b) Speed of fluctuation inintensity

c) Mital capacity

Factor - 5. hadtwovariables :
a) Maxi mumphonation duration
b) Mtal capacity

Factor - 6: - hadthreevariables :
a) Fundamental frequency in phonation
b) Intensityrange in phonation.
c) SZratio

Factor - 7- hadtwo variablesi.e.
a) Intensity range inphonation and
b) Mtal capacity
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CHAPTER- V
SUMVARY AND GONCLUSI ONS

Many researchers have used several methods for the eval uation of voi ce.
But Hirano (1981) stated that there is no agreement regarding the findings.
Moreover, there have been no extensive studies on anal ysi s of voi ce paraneters
invoice disorders in Indian population except for a study by Jayaram91975)
whi ch provides prelimnary information regarding the voice and its disorders
and an extensive study by Nataraja (1986) regarding the differential diagnosis
of dysphoni cs.

The present study was undertaken to measure various paraneters in
normal s and dysphonics andto determne the factors contributingto normality
and abnormal ity of voice and to identify constituents of these factors and their

rel ationship.

The paranet ers consi dered for the study are :

Aer odynami ¢ parameters :

1. Vital capacity
Meanairflowrate
Phonat i on quoti ent
Vocal validity index
Max i mumphonation duration
S'Zratio.

Acoustic Parameters :
7. Fundanent al frequency in phonation.
8. Fundamental frequency in speech
9. Opti mumfrequency.
10. Extent of fluctuationsinfundanmental frequency in phonation.
11. Speechof fluctuationsinfundanental frequency.
12. Extent of fluctuationinintensity.



13. Speedof fluctuationinintensity.
14. Frequency range i n phonati on.
15. Intensity rangein phonati on.

16. Frequency range i n speech.

17. Intensity rantein speech.

18. Risingtinein phonation.

19. Fallingtimeinphonation.

Spectral Paraneters :
20. Ratioof intensities between0- 1kH, and above 1- 5kH,.
21. Ratioof intensities of harmonicsandthenoisein?2- 3 kH.

22. Frequency of first formant.

The study consisted of a group of dysphonics (30 mal es and 30 fenal es)
and a group of normal s (30 mal es and 30 females). Both groups were in the

age range of 16to45.

Al the parameters were neasured for each subject using the same
procedures. Using appropriate statisticd methods the groups have been
conpared and results have heen discussed. The dysphonic group consisted of
subjects with different types of voice disorders diagnosed clinically by Speech
Pathol ogists like 'Spastic dysphonia, puberphonia, |ow pitched voice, high
pi t ched voi ce and hoar seness.

Study indicated that out of the twenty two pararners.

| Ei ght parameters were sufficient to differentiate bet ween nor mal
abnor mal voi ce.

a) Mital capacity
b
c
d
e

Vocal velocity i ndex

Maxi mumphonation duration

Opt i mumfrequency

Fundanent al frequency i n phonation

)
)
)
)



f) Fundanental frequency in speech
g) Frequencyrange in speech
h) Ratioof intensity ties of harmonicstonoisein2- 3kHz.
Factors whi ch were foundto be significant innormal voice are as

fol | ows:

Factor -1: Consisting of the paraneters
1. Mital capacity
2. Maxi mumphonation duration
3. Fundamental frequency in speech
4. Fundanent al frequency in phonation
5. Fundanent al frequency range in phonation
6. AC(Ratio of intensity of troughs and peaks between 2 and 3 kHz)
7. Rising time of phonation
8. Optimumfregauency
9. Vocal velocity index

Factor - 2: Consisting of the paranmeters
1. Theextent of fluctuations inintensity
2. Theintensity range in phonation and

w

Phonat i on quoti ent
Factor - 3: Includingthe paranmeters

1. Frequency range in phonation

. Speed of fluctuations in frequency
Frequency range i n speech

Factor - 4. Includingthe paraneters

w N

1) Meanair flowrate
2) Speed of fluctuationinintensity.

Factor - 5: Havi ngfour paranetersi.e,
1. Frequency range i n speech
2. Intensity range in speech

12
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3. Extent of fluctuations in frequency
4. FHrst formnt frequency
The fol | owi ngfactors wer e observed i n abnormal voi ce.
Factor- 1: Consistingof sixvariablesi.e,

a) Optimumfrequency

b) Vital capacity

¢) Fundamental frequency in phonation

d) Extent of fluctuation, infundamental frequency in phonation
e) Intensityrangein speech

f)

Factor- 2 :consisted of six variablesi.e,

Vocal velocity i ndex.

a) Meanairflowrate
b) Phonation quotient
¢) Maxi mumphonation duration
e

f

Factor - 3- Consisteedof fivevariablesie.,

)
)

d) Mtal capacity
) Vocal velocity index
)

Frequency range i n speech

a) Mtal capacity
b) Extent of fluctuationinintensity

)
¢) Fundamental frequencyin phonation
d) Frequency of first formant

)

e) Frequency range i n phonati on.

Factor - 4: had three variables i.e,
a) extent of fluctuationinintensity
b) Speed of fluctuation in intensity
c) Mital capacity

Factor - 5: hadtwo variables :
a) Maxi mumphonation duration
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b) Mta capacity

Factor - 6: - hadthreevariables :
a) Fundamental frequency in phonation
b) Intensity range in phonation.
¢) SZratio

Factor - 7- hadtwo variablesi.e,
a) Intensity range in phonation and

b) Mta capacity

Therefore, five factorswere foundto be significant innormal voice and

seven factorsin abnor mal voice.

Concl usi on

1. Qut of the twenty two paranmeters studied eight paraneters were found to be
useful indifferentiating bet ween normal and abnormal voi ce..

2. Normal and abnormal voice can be defined interms of these parameters.

3. Five factors were observed in normals and seven factors in case of

dysphoni cs.
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APPENDI X

Definitionof terns:
1. AERODYNAMI CPARAMTERS:
1. Mtd Gypacity (VC):

\ital capacity has been defined as the ampunt of air an individua can

expire after adeep inspiration.
2. Meanair Howrate ( MAF) :

Meanar flowrate has been defined as the amount of air collectedin one

second during phonation at a given frequency and intensity.

— CC./ SEC

MAF - Total volume of air collected dunng phonation(in cc)

Totaldurationofphonation(in sec)

3. Phonation Quotient (PQ):

Phonation quotient has been defined as the ratio of vita capacity to

maxi mumphonation duration.

Vital capacity

Phonation quotient = ————— i
Maximum phonation duration

4. Vocal Velocity I ndex (VVI):

Vocal velocity index has been defined as the ratio of meanair flowrate
tovita capacity.

Vital capacity

Vocal velocity index = - - -
. Mean air flow rate

5. Maxi mumphonation duration ( MPD) :

Maxi mum duration of phonation has been defined as the maxi mum

duration for whi ch anindividual can sustain phonati on.



6. SZRatio (S/2):

The S'Zratiois defined as the ratio of the maxi mumduration for which

thefricatives|s| and|z| were produced by t he subject.

o . Maximum durationofsustained |s|
S/Z 1atio =———— e
Maximum duration of sustained |z

II. Acoustic Parameters:

7. Opti mumfrequency ( OF) :

Optimum frequency has been defined as the frequency of the vocal

cords, whi cheicits maxi mumresonance of vocal tract i.e,

Natural frequency of vocal tract ( for adult males)

Optimum frequency = —— 7

- . Natural frequency of vocal tract ( for adult females)
Optimum frequency = —_— il aat ol S

[~

8. Fundanental frequency in speech ( SFF):
The mean frequency of the speech stiml us.
9. Fundament al frequency in phonation ( PFF):
The mean frequency j of the steady portion of phonation.
10. Extent of fluctuationin fundanental frequency in phonation (PFX):

The extent of fluctuation in frequency was defined as the means of
fluctuations i nfundanental frequency in a phonation of one second.

H uctuation in frequency was defined as variations +-. 3H, and beyond
infundamental frequency.

11. Speedof fluctuationin fundamental frequency in phonation (POFF):

The speed of fluctation in frequency is defined as the number of
fluctuations i nfundanmental frequency ina phonationof one second.



12. Extent of fluctuationinintensityinphonation(PlX):

The extent of fluctuation in intensity was defined as the means of

fluctuations inintensity inaphonation of one second.

Huctuationinintensity was defined as variations +/- 3dB and beyond in
intensity.
13. Speed of fluctuationinintensity inphonation(PIS):

The speed of flucutation in intensity was defined as the number of

fluctuations inintensity inaphonation of one second.

14. Frequency rangeinphonation ( PFR):

The frequency range in phonation is defined as the difference between

the maxi mumand mi ni mumfundamental frequency in phonation.

15. Intensity rangeinphonation(FIR):

The intensity range i nphonationis defined as the difference bet ween the

maxi mumand m ni mumintensities i n phonation.
16. Frequency rangein speech ( SFR):

The frequency range i n speech i s defined as the difference bet ween the

maxi mumand mi ni mumfundanental frequency in speech.
17. Intensity rangein speech (SIR):

The intensity range in speech is defined as the difference between the

maxi mumand m ni mumintensities i n speech.
18. Risingtimeinphonation(PRT):

The rising time in phonation is defined as the time required for an
increase mintensity fromOdB to the beginning of the steady level of the

intensityintheintia portionof the phonation.



19. Failingtimeinphonation(PFT):
The faling time in phonation is defined as the time required for the
intensity to decrease fromthe steady level to OdBin the fina portion of the

phonat i on.
| 1'1. SPECTRAL PARAVETERS:
20. Ratioof intensities between 0 - 1KHz and abovew 1. 5 KH; (AA) i.e,

Mean intensity of peaks in the frequency range above 1KH:z (1—-5KHz)

.--\ :\ =

Mean intensity of peaks in the frequency range below 1KH:z (0 — 1KHz)

21. Ratioof intensities of hormoni esandnoisein2- 3KHz(AC) i.e,

\C = Mean of intensities of troughsin2 - 3 KH,

Mean of intensities of peaks in 2 - 3 KH,

22. Frequency of first formant ( AD) :

Frst formant frequency is defined as the frequency with maxi mum

intensity intherange of 300- 1000 H.





