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| NTRODUCTI ON

"Nature as we often say, makes nothing in vain, and
man is the only animal whom she has endowed with the
gift of speech. And whereas nere voice is but an indication
of pleasure or pain, and is therefore found in other animls,
the power of speech is intended to set-forth the expedient

and inexpedient, and therefore |ikewi se the unjust. And it
is a characteristic of man that he alone has any sense of
good and evil, of just and unjust and the Ilike, and the
association of |Iliving bbeings who have this sense nmakes a

famly and a state.”

ARI STOTLE, POLITI CS

There are probably no nore acurate gauges of a person's
enotional, nental and physical well-being than voice and
speech. Speech is an integral part of the total personality
revealing the speaker's environnment, social contrasts and
education, and other aspects such as dress or groom ng, are
external but speech is inherent (MIULGRAVE, G LMAN, PRONOVOST,
1954) .

Speech is acquired through hearing and normally
controlled through hearing. Hearing is inportant for good
speech. It is the neans by which sounds are |earned,

articulation is directed and inflection is controll ed.

Hearing validates the speaker's accuracy of expression
t hrough speech. Voice bring the carrier wave of speech wll
be one of the aspects affected by the hearing-inpairnment.
MONSEN, ENGETHRETSON AND VEMULA (1979) have stated that
"deaf ness” even profound deafness does not prevent an
i ndi vi dual from produci ng voice. However, hearing inpairnent

does affect the control of voice production. Wen a hard of



hearing person speaks his voice calls attention to itself

than to the content of speech.

The voice is normally nonitored by ones auditory
f eedback, which is affected in the hearing-inpaired
i ndi vi dual s. G LBERT and CAMPBELL (1983) have reported that
..... "the auditory feedback may have a potential role in
nodul ating |aryngeal phonatory output reflexively nediated

t hrough brai nstem

Mst of the studies on the voice of the hearing-

i nmpai red, in the past years were based on subjective
evaluation where a nornal |istener has been used to analyze
the quality of voice. Conmparatively, very few objective

studi es have been conducted to quantify the voice quality of

the hearing-i npaired.

AlM OF THE STUDY

The present study ains at an nultidi nensional analysis
of voice which incorporates many paranmeters for the
evaluation of the voice signals of the hearing-inpaired

children. The mul tidinmensional approach consisted of -

(i) The fundanental frequency neasures
(i) The intensity neasures
(ii1) Electroglottographic measures and

(iv) Pitch and anplitude perturbation measures.



HYPOTHESI S:

. It was hypot hesi zed that "there 1is no signi ficant
di fference between the hearing-inpaired and normal nal es

and females in terns of paraneters of voice".
Auxi liary Hypothesis:
A. 1) Mean fundanental frequency:

There is no significant difference between normal and
hearing-inpaired nmales and females for mean fundanenta

frequency.

2) Maxi mum fundanental frequency:
There is no significant difference between normal and
hearing-inpaired males and females for maxi mum fundament a

frequency.
3) M nimum fundanmental frequency:

There is no significant difference between nornmal and
hearing-inpaired nales and females for mninum fundamenta

frequency.
4) Range of fundanental frequency:

There is no significant difference between normal and
hearing-inpaired nales and females for range of fundanenta

frequency.



5) The speed of fluctuations in frequency/sec:

There is no significant difference between normal and
hearing-inpaired nmales and fenales for the speed of

fluctuations in frequency for one second
6) Extent of fluctuations in frequency:

There is no significant difference between normal and
hearing-inpaired nales and females for extent of fluctuations

in frequency.
B.1) Mean Intensity:

There is no significant difference between normal and

hearing-inpaired males and females for nean intensity.
2) Maximum Intensity:

There is no significant difference between normal and

hearing-inpaired males and fenales for maximum intensity.

3) Mnimum Intensity:

There is no significant difference between normal and

hearing-inpaired males and females for mnimm intensity.
4) Range of intensity:

There is no significant difference between normal and

hearing-inpaired nales and females for range of intensity.



5) The speed of fluctuations in intensity/sec:
There is no significant difference between nornal and
hearing-inpaired males and fenales for the speed of

fluctuations in intensity for one second.
6) Extent of fluctuations in intensity:

There is no significant difference between nornmal and
hearing-inpaired males and females for the extent of

fluctuations in intensity.

Il. It was hypothesised that "there 1is no significant
di fference between nales and fenales, in terns of EGG

par amet ers”.

Auxiliary Hypothesis :
a) Open Quotient (0OQ

There is no significant difference between nornal and

hearing-inpaired males and females for the open quotient.

b) Speed Quotient (SQ
There is no significant difference between nornal and

hearing-inpaired males and fermales for the speed quotient.

c) Speed Index (SI)

There is no significant difference between normal and
hearing-inpaired males and females for the Speed | ndex.
d) "S" Ratio (SR

There is no significant difference between nornmal and

hearing-inpaired males and females for the "S" Ratio.



1. 1t was hypot hesised that "there is no significant
di fference between normals and hearing-inpaired males and
females in pitch and anplitude perturbration nmeasures".
Auxiliary Hypothesis : A Pitch Perturbation Measures

1) Jitter ratio (JR

There is no significant difference between normal and
hearing-inpaired nmales and fermales for the Jitter Ratio.

2) Directional pertubration factor for frequency (DPF-Freq)

There is no significant difference between normal and
hearing-inpaired males and fenales for the Directional
pertubration factor.

3) Relative Average Pertubration (Three point) (RAP)

There is no significant difference between nornmal and
hearing-inpaired males and females for the Relative Average
Per t ubrati on.

B. Anplitude Pertubration Measures
1) Shimmer (dB) [S(dB)]

There is no significant difference between normal and
hearing-inpaired nales and fermales for the Shimer (dB).

2) Directional pertubration factor for anplitude (DPF-A)

There is no significant difference between normal and
hearing-inpaired nmales and fermales for the Directional
pertubration factor.

3) Anplitude Pertubration Quotient (APQ
There is no significant difference between normal and
hearing-inpaired males and females for the Anmplitude

Pertubration Quotient.



REMI EW CF LI TERATURE

"Man' s need for comunication wth hi s
fellowren is possibly the greatest need and
the fulfillnment of his other needs and desires
is largely dependent upon, or at the |ast
greatly facilitated by his ability to satisfy
hi s basic one".

(LOU SE TRACY, 1970)
Speech 'S normally controlled t hr ough heari ng.

Nowhere, is this clearly shown than in the way a baby |earns*
to talk. Al he needs is time. Time for added experiences,
time to learn new words through hearing themand tine to
master vocal control by hearing his owm speech (CARHART,

1970).

The speech of the deaf differs fromthat of normals in
all regards (BLACK, 1971). In all studies of speech of the
hearing-inpaired, attention is drawn to the fact that, to a
greater or |esser degree, the hearing-inpaired individuals
do not produce speech as well as those who hear (MOXSEN

1974).

MOSEN (1978) states that the knowl edge of speech
production abilities of hearing-inpaired individuals is in
many ways of potentially greater value its educators than

know edge of an individuals hearing ability.



Speech is acquired through hearing and normal |y
controlled through hearing. Frombirth (even before this),
every human baby shares with animals, birds, reptiles,
an ability to respond to sound. Hearing plays a vital role

in the acquisition of speech.

Producti on of speech requires si mul t aneous and
coordi nated use of respiratory, phonatory, articulatory and
resonatory system controlled by the nervous system Thi s
act of producing and understandi ng of speech is so conplex
that sone feedback nechanisns seens |ikely. Audi tory
f eedback, along with other feedback nechanisns like tactile,
ki nesthetic and proprioceptive, help in regulating speech
production. Auditory feedback is the nost inportant and its
i nportance is obvious in case of delayed speech and | anguage
with hearing loss. Also when speech and |anguage problem
occurs, heari ng evaluation in first r ecomrended in

di agnosi s.

According to FAIRBANKS (1954), auditory f eedback
mechanism is an integral part of a neural servonmechanism

controlling voice production. One of the nost viable
theories in speech and hearing science describing the

interaction between speech perception and production was
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gi ven by FAIRBANKS (1954). He presented his concept in the
form of a nodel as shown in Fig.1l. This nodel is based on

operational principles rather than anatom cal structures (It

contains terns like "controller unit", "motor", "generator"
and "sensor" rather than brain, |ungs, larynx and ear
respectively). The principle of closed cycle control was
used in the nodel. Any self-regulating systens t hat
controls its own performance to achieve a goal, is a closed
cycle system Another principle is that of negative

f eedback, which is basic to correcting the performnce of an

homeostatic system
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Effective Driving Signal Effector Unit
Fig.1l: Model of a closed cycle control system for speaking.

Input consists of instructions to the Effector wunit for




production of a sound. The sensor unit feeds back output
information that is conpared with original instructions to
determ ne corrections, if any, that are needed.

(FROM : Fairmanks, G, Systematic research in experinenta

phonetics |.A theory of the speech nmechanism as a serrosystem
JSHD, 19, 136, 1954).

Mani pul ation of the nodel reveal that mstakes Iike
substitutions, distortions, om ssions, denonstrably caused

by conponent defi ciencies.

Sone of the inportant inferences from the nodel are
first, to disrupt auditory, tactile, or kinesthetic feedback
would be to disrupt speech output. Second, set points
(articulatory targets) to guide sound production are
established initially by open cycle control when the «child
acquires the speech patterns of his culture. Third, once the
set points that cultural norns are stabilized, child can
guide future speech performance automatically by closed-
cycle control. Conversely, if he stabilizes the set points
that do not match cultural standards, he nust be either
unabl e or unwilling to discrimnate and correct t he
di fferences between his defective performance and acceptable

sound producti on.

10



Audi tory mechanism provides feedback to the speaker
only after the utterances has been made, so that one can
only correct the error. However, audition is wused to
sharpen the speech sound target, and if speakers listen to

t hensel ves, to catch errors (BORDEN AND HARRI'S, 1980).

The speech of the hearing-inpaired individual is not a
viable instrunment for comrunication. A native listener may
under stand about one word in every 5 produced by a hearing-
inpaired, while an experienced listener's (E g. teachers of
the hearing-inpaired) ability to understand the speech of
the hearing-inpaired seens to be clearly superior (NMANGAN,
1961, MARKI DES, 1970; SM TH, 1975; and MONSEN, 1978) .
Acquired hearing-inpairment wll have Ilittle I mredi at e
effect on the intelligibility of the speech, but after a
period of hearing-inpairnment, certain sounds deteriorate
along with voice/ as one of the nost inportant feedback

instrument (i.e. hearing) is inpaired.

The National Technical Institute for the Deaf, U S A
which carefully measured the comunication skills of each of
its student upon initial enrollnment, has found that anong

its entering students 90% could use their residual hearing

11



to sonme extent but only 10% knew how to do so to their best
advant age; 56% had speech that can be understood only by a
trained |istener, 85% were far below the average hearing
college student in the ability to read or to wite
expressive English, and 65% in social situations in which
that was the only nmeans of receiving information (JOHNSON,

1976).

The involvenent of speech due to hearing-inpairnent
varies considerably according to the type, severity, age of
onset of hearing inpairment, and many such factors. The

speech of a person with a hearing-inpairnment before |earning

to speak (pre-lingually), wll present defects invoice and
articul ation. A person with acquired hearing-inpairnent
(post-lingually), is likely to present defects of voice, but
no appreciable difficulty wth articulation. | f t he

i mpairment of hearing is sufficiently severe, both voice and
articulatory difficulties are likely. Therefore, hearing-
inmpairment can be said to have causal relationship to
certain types of voice and articulation disorders (ElI SENSON

KASTEI N and SCHNEI DERVAN, 1958) .

The investigators have described the voice quality of

the hearing-inpaired as nonotonous, |acking accent, rhythm

12



poor resonance, poor carrying power and unnatural qualities
(tense, breathy, harsh, throoty etc.). CALVERT (1962) has

identified nore than fifty-two different adjectives to
describe the quality of the voice of the hearing-inpaired.

Voice quality deviations have been found to acconpany
hearing 1osses of 45 dB HL and greater (SILVERVAN, 1960),
with the great degree of abnormality of speech being greater
in persons wth nore severe losses (HUDA@ NS and NUMBERS
1942) .

Descri ptions of the speech of heari ng-i npaired
i ndi vidual s have, for the nost part been based on perceptual
eval uations or subjective eval uations. Studies of HUDA NS
and NUMBERS (1942), MANGAN (1961), NOBER (1967), MARKI DES
(1970), SM TH (1975), MGARR (1978) and GEFFNER (1980), have
descri bed the speech of the hearing-inpaired individuals by
using a normal |istener as an analytical tool. The used the
terns such as hypernasality, hyponasality, gr oss
m sarticulations, faulty stress and faulty intonation to
describe the speech of hearing-inpaired. These confusions
may be the results of subjective nethods used in the part to

eval uate the speech of the hearing-inpaired individuals.
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In a clinical set-up, clinician listens to the speech
of the hearing-inpaired individuals and judge it as
segnent al errors, such as om ssi on of consonants,
substitution of one phonene for another noderate distortion
to severe distortions and insertion of adventitous sounds or
as suprasegnmental errors, such as inproper intonations,

i mproper rhythm and other prosodic features.

Studies also have attenpted to neasure the overal
intelligibility of hearing-inpaired individuals (HUGENS and
NUMBERS, 1942; MANGAN, 1961; MARKIDES, 1970; SMTH, 1975;
MONSON, 1978; MGARR, 1981; and RAVI SHANKAR, 1985.

However, according to MONSEN (1976 b), the wuseful ness

of the normal listener as an analytical tool has limtations

(i) sone sounds that the hearing-inpaired individual my
produce are sinply not classifiable as a variant of any

phonene.

(ii) Since each phonene is signaled by a variety of cues,
confusion nmatrices do not tell us the exact cause of

t he conf usi on.
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These observati ons underline the i mportance of
objective neasurenents of different paraneters of speech.
Several studies have enployed objective neasurenents to

descri be the speech of the hearing-inpaired.

Wth the advent of high technology it is now possible

to develop a great variety of training displays designed to

convey information about nmany aspects of speech. Acoustic
analysis has been considered as the basic tool in the
i nvestigation of speech of the hearing-inpaired. Anal ysi s
of acoustic parameters such as fundanental frequency,

intensity, waveform or acoustic spectrum and their tine
related variations have been considered to be useful in

drawi ng a voice profile.

H RANO (1981) has pointed out that the acoustic
analysis of voice signal may be one of the nost attractive
nmet hods of assessing phonatory function or | ar yngea
pat hol ogy because it is non-invasive and provides objective
and quantitative data, many acoustic paraneters, derived by
vari ous nmet hods have been reported to be useful in
differentiating between the pathological and the nornal

voice (CRYSTAL and JACKSON, 1970; VON LEDEN and KO KAN
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1970; KO KE, 1973; NATARAJA, 1986; and PINTO AND TITZE,
1990).

The acousti cal paranmeters can be di vi ded into
fundanental frequency neasurenents, intensity measurenments

and spectral neasurenents.

A. Fundanental Frequency Rel ated Measurenents

(i) Fundanental frequency in phonation

(i1) Fundanental frequency in speech

(iii1) Fundanental frequency in reading

(iv) Frequency range in phonation

(v) Frequency range in speech

(vi) Jitter (pitch perturbation)

(vii) Extent of fluctuation in fundanmental frequency in phonation
(viii) Speed of fluctuation in fundanental frequency

B. Intensity Related Measurenents

(1) Intensity range in phonation

(ii) Intensity range in speech

(iti) Shinmrer (anplitude perturbation)
(iv) Extent of fluctuation in intensity
(v) Speed of fluctuation in intensity

c. Spectral Paraneters

(i) Alpha ratio : Ratio of intensities between 0-1 KHz and above
1-5 KHz

(it) Beta ratio : Ratio of intensities of harnonics and the noise
is 2-3 KHz

(ii1i)Frequency of first formant.
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HANSON, GARRATT and WARD (1983) suggested that majority
of phonatory dysfunctions are associated with abnormal and
irregular vibrations of the vocal folds. These irregul ar
vibrations leads to the generation of random acoustic energy
i.e. noise, fundanental frequency and intensity variations.
This random energy and aperiodicity of fundanental frequency
S perceived by the human ears as hoarseness. The
aerodynamc paraneters neasure the respiratory airflow
They do not provide adequate information regarding the voice
and its production. \Wereas spectral paraneters are nore
appropriate in quantifying the phonat ory functions.
However, spectral neasurenents are conplex to obtain and the
instrunmentation is highly sophisticated and expensi ve.
Hence, for <clinical purposes these neasurenents are not
desirabl e. Although intensity related neasurenents are
usef ul in describing the phonatory function and are
relatively easy to neasure, the values are highly variable.
So, they have reduced reliability. Anmong the various
intensity related neasurenent, the neasurenents of intensity
variation are very wuseful 1in wearly identification and

assessnent of severity of voice disorder. They are

(i) Anplitude perturbation (Shinmer)
(i) Extent of fluctuation in intensity
(iii) Speech of fluctuation in intensity
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A few studies of these acoustic paranmeters have been
carried out for the normals in the Indian popul ati on (KUSHAL

RAJ, 1984; RASHM, 1985; RAJANI KANTH, 1986).

FUNDAMENTAL FREQUENCY

The fundanmental frequency often |oosely called the
pitch of the voiced speech sounds varies considerably in the
speech of a given speaker and the average or characteristic

fundanmental frequency varies over speakers.

O the three major attributes of voice the underlying
basis of speech, nanely pitch, |oudness and quality, "...
both quality and | oudness of voice are mainly dependent upon
the frequency of vibration. Hence it seens apparent that
frequency is an inportant paraneter of voice" (ANDERSON

1961) .

Pitch is the psychophysical correlate of frequency.
Al 't hough pitch is often defined in terns of puretones, it is
clear that noise and other aperiodic sounds have nore or
less definite pitches. The pitch of a conplex tone,

according to STEVENS and DAVIS (1935) depends wupon the
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frequency of its domnant conponent, that IS, t he
fundanental frequency in a conplex tone. PLOW  (1967)
states that even in a conplex tone, where the fundanental
frequency is absent or weak, the ear 1is capable of
perceiving the fundanental frequency based on periodicity of

pitch.

EMRI CKSON (1959) is of the opinion that the vocal folds
are the wultimte determ nes of pitch. The sane general
structure of the folds seens to determine the range of
frequencies that one produces. The factors determning the
frequency of vibration of any vibrator are mass, length and
tension of the vibrator. Thus, mass length and tension of
the vocal cords determne the fundanental frequency of

Voi ce.

There are various objective nethods to evaluate the
Fundanmental Frequency of the Vocal Cords. St roboscopi ¢
Procedures, Hi gh Speed C nematography, Electroglottography,
U trasonic Recordings, Stroboscopic Lam nagraphy (STROL),
Cepstrum Pitch Detection; Digit Pitch, the 3M Plastiform
Magnetic Tape Viewer, Spectrography, Pitch conputer, the

H gh Resol ution Signal Analyzer Frequency Meter, Visipitch,
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Vocal Il, Conputer with Speech Interface unit and Software

and ot her.

Voi ce of a new born has been found to be around 400 Hz
(GROTZVANN  and PLATEAU, 1905, | NDI RA, 1982). The

fundanmental frequency drops slightly during the first three

weeks or so, but then increases until about the fourth nonth
of I|ife, after which it stabilizes over a period of five
nont hs.

The fundanmental frequency values are distinguished by
sex only after the age of eleven years, although small sex

di fference m ght occur before that age (KENT, 1976).

Studi es on Indian popul ati on have shown that, in males,
the Jlowering in fundanental frequency is gradual till the
age of 10 years, after which there is a sudden narked
lowering in the fundanental frequency, which is attributed
to the changes in the vocal apparatus at puberty. In the
case of females, a gradual |owering of fundamental frequency
is seen (CGECRCGE, 1973; USHA, 1979; GOPAL, 1980; KUSHAL RAJ,
1983).
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Average fundanental frequency decreases w th increasing
age until adulthood for both nales and fenmales. The average
drop of Fo in females is roughly 75 Hz (from about 270-300
Hz to about 200-225 Hz) from prepubescence to adulthood.
For nmales the drop over the sane period is likely to Dbe
about 150 Hz (275-300 Hz to 100-150 Hz) about 100 Hz of
whi ch may occur abruptly as a result of the adol escent voice

break (CURRY, 1940; FAI RBANKS, 1940).

Several investigators have noted that deaf speakers
have a relatively high average pitch or to speak in falsetto
voi ce (ANGELOCCI, KOPP and HOLBROOK, 1964; BOONE, 1966;
ENGLEBERG, 1962; MARTONY, 1968). There is sone evidence that
this problem is greater anong the teen-agers than in for
preadol escent age group and that it is particularly trouble
sone for adol escent boys (BOONE, 1966). ANGELOCCI, KOPP and
HOLBROOK (1964) suggest not only that fundanental frequency
of deaf are higher than that of hearing-inpaired speakers on
the average, but also that the average fundanental frequency

for different speakers spans of w der range.

Deaf speakers often tend to vary the pitch nuch |ess

than do hearing speakers and the resulting speech has been
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described as flat or nonotone (CALRERT, 1962; HOOD, 1966;

MORTONY, 1968).

The study of fundanental frequency has i mpor t ant
clinical i mplications. COOPER (1974) has used
spectrographic analysis, as a clinical tool to describe and
conpare the Fo and hoarseness in dysphonic patients before
and after vocal rehabilitation. JAYARAM (1975) found a
significant difference in habitual frequency nmeasur es

bet ween normal s and dysphoni cs.

RAJANI KANTHA (1986) studied the fundanental frequency
of phonation and found a significant di fference in
fundanental frequency for the two groups was seen between
males and females. A significant difference between the two
sexes was also seen. The Fo for vowel /a/ was |owest when
conpared with/i/ and /u/, which varied indifferent age

groups for both males and fenunl es.

There are also a few Indian studies done on the
acoustical paranmeters in the hearing-inpaired population (by

MANJULA, 1986; RAJANI KANT, 1986; ARUN, 1995 and OTHERS).
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Hence, there is a need for the study of acoustic
paraneters in the speech of the hearing-inpaired. This wll
not only help in understanding the speech of hearing-
i mpaired but also helps in deciding the goals in therapy and

increasing the effectiveness of therapy.

McCLUMPHA (1966) showed that vel opharyngeal function in
hearing-inpaired speakers ranged from no closure to nornal
closure on the speech sanples studied. G LBERT  (1975)
reported a variety of airflow patterns and air pressure
patterns were identified as being characteristic of speech
of hearing-inpaired individuals. HOLBROOK and CROWFCRS
(1970) AND BOONE (1966) found t hat heari ng-i npaired
i ndi vi dual s exhi bited higher than nor mal f undanent al
frequency val ues, while THORNTON (1964) reported essentially

normal speaking frequencies for hearing-inpaired speakers.

There have been a few attenpts to describe the speech
of the hearing-inpaired individuals acoustically using the
sound spectrograph. Acoustic analysis of hearing-inpaired
speech permts a finer a grained considerations of sone
aspects of both correct and incorrect productions that would
be possi ble wusing nethods applied in the subj ective

procedures (CSBERGER and McGARR, 1982).
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CALVERT (1962) found that the m spronunciation of
voiced and voiceless stop consonants was principally a
dur at i onal error, and that deaf speakers di storted
systematic differences of duration, associated wth the

phonetic environment.

ANGELOCCI, KOPP and HOLBROOK (1964) and MONSEN (1976 c)
showed that the vowel formants of deaf individuals tend to

be nore centralized than those of normal speakers.

MONSON (1974) from his study of durational aspects of
vowel production of deaf individuals concluded that the
vowel production characteristics of the deaf subj ects
account in part for the low intelligibility of consonants in

t he speech of the deaf individuals.

MONSEN (1976 d) showed that in the speech of the
hearing-inpaired subjects the second formant transitions may
be reduced both in time and frequency. At the transition
onset, the second formant was found to be near to its
eventual target frequency than in the speech of the nornal

subj ect s.
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G LBERT (1978) found differences in voice onset tine
(VOT) between the hearing-inpaired and normal individuals.
Perhaps the nost detailed study in this area has been
conducted by MONSEN (1976 a). MONSEN (1976 a) through
spectrographic analysis of the production of English stop
consonants concluded that the deaf child does not sinply
make errors in speaking, but instead realizes sounds in

accordance with a deviant phonol ogi cal system

MONSEN (1979) examned nean fundanental frequency,
duration, nean period to period changes in intensity and
fundanental frequency, spectral energy ratio above and bel ow
100 Hz and intonation contour in the speech of the hearing-
i npaired individuals. The type of intonation cont our
appeared to be the nost inportant characteristic separating
the better from the poorer speakers. The hearing-inpaired
subj ects produced four different types of deviant intonation

contours.

FUNDAMENTAL FREQUENCY | N SPEECH

In evaluation of the Fo in phonation, may not represent

the true fundanmental frequency used by an individual in
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speech. Hence, it becones inportant to evaluate t he
speaki ng fundanental frequency. The fundanmental frequency in
speech is estimated subjectively by matching or it is
determ ned objectively with a pitch neter or digipitch. For
nore precise neasurement, Fo histognono are obtained wth

the aid of a conputer

Many i nvestigators have st udi ed t he speaki ng
fundanental frequency as a function of age and in various
pat hol ogi cal conditions. The age dependent variations of
speaking fundanental frequency decreases with age upto the
end of adol escence. A marked lowering takes place during

adol escence in nmen.

G LBERT and CAMPBELL (1980) studied the speaki ng
fundanental frequency in three groups (4-6 years, 8- 10
years, and 16-25 years) of hearing-inpaired individuals, and
reported that the values were higher in the hearing-inpaired
group when conpared to values reported in the literature for

normal |y hearing individuals of the sanme age and sex.

MURRY (1978) studying the fundamental frequency in

speech characteristics of 4 groups of subjects, namely voca
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fold paralysis, benign nmass |esion, cancer of the larynx and
normals noted that the paraneters of nean fundanenta
frequency in speech failed to separate the normals from the

three groups of pathol ogic subjects.

In a parallel study, HURRY and DOHERTY (1980) reported
that along wth other voice production nmeasures such as
directional and magnitudi nal perturbation, the fundanenta
frequency in speech inproved the discrimnate function

bet ween normal voices and malignancy of the |arynx.

SAWASHI MA  (1968) reported a raise in nmean fundanental
frequency in speech in cases of sulcus vocal is and a fal
in mean fundanental frequency in speech in cases of polypoid
vocal folds and wvirilism Very high nmean fundanenta
frequency in speech values results from disturbances of
mutation in males. At present nean Fo in speech is neasured

as a clinical test value (H RANO 1981).

NATARAJA and JAGADESH (1984) neasured fundanent a
frequency in phonation, reading, speaking and singing and
also the optimum frequency in thirty normal males and thirty

normal femal es. They observed that the fundanental frequency
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increased from phonation to singing wth speaking and
reading in between. Hence, fundanental frequency has to be
neasured under different conditions in evaluation of voice
disorders i.e., it may not be enough if one considers are
condition to determne the nean fundanmental frequency used

by the case for evaluation of voice.

BOHME and HECKER (1970) reported the age dependent
vari ations of nean speaking fundanmental frequency in nornals
i ndi cates that nean speaking fundamental decreases with age
upto the end of adol escence. A marked |owering takes place
during adol escence in nean. In advanced age, it becones
higher in becomes higher in nen but is slightly Jlower in

womnen.

A study of mean nodal fundanental frequency in reading
in 200 young black adults between 18-29 years, showed | ower
mean nodal fundanental frequencies (i.e. 110.15 Hz in nales
and 193.10 Hz in females) when conpared to simlar white
popul ati on studied by FITCH and HOLBROOK (1970).

HOLLIEN AND SH PP (1972) present data on the nan

speaking fundanmental frequency in 175 males tal ker ranging
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in age from 29-89 years nmean frequency |evels by age decode
show a progressive |lowering of speaki ng f undanent al
frequency from age 20-40 with a rise in level from age 60
t hr ough the 80s. In the 20-29 vyears range the nean
frequency is reported to be 120 Hz. This value (120 Hz)

obtai ned for the 20-29 year olds agrees.

(i) Best wth the data reported by HANLEY (N=27, nedian
frequency = 128 Hz) for a population of about the sane
size and age.

(i1) Reasonably well for a larger and younger group studied
by HOLLEN and JACKSON (N=157, Mean frequency = 128 Hz,
Mean age = 21 years), and

(iii) Poorest (but still not in conflict) with studies by

PROVROUEST (N=6, nean frequency = 132 HzO and H LHOUR
(N=24, Mean frequency = 132 Hz).

The results indicated by M CHEL, HOLLIN and MOORE
(1965), st udyi ng t he speaking f undanent al frequency
characteristics of 15-, 16-, and 17- years old girls, in
order to determine the age at which adult fenale speaking
fundanmental frequencies are established, show that femnales
attain adult speaking fundanental frequency by 15 years of

age.
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RASHM  (1985) in her study reports that there is very
l[ittle change in the speaking fundanental frequency (SFF) as
a function of age in males upto the age of 14 years at which

age a sudden decrease in SFF in the females with increase in

age.

In the hearing-inpaired speakers, due to |ack of proper
f eedback, an inability to <control the SFF is seen
MECKFESSEL (1964) and THORNTON (1964) reported SFF data for
7- and 8- years old hearing-inpaired speakers that were

hi gher than values for normally hearing speakers.

MECKFESSEL (1964) and THORNTON (1964) reported SFF
val ues in post-puberscent hearing-inpaired males that were
hi gher than those obtained for normally hearing post-
puberscent males, while values obtained by GREEN (1356) were
simlar to those for normal hearing males. For hearing-
inpaired females, GREEN (1956) reported higher values than
for normal hearing females, while ERMOVICK (1965) and

GRUENEWALD (1966) reported values that were simlar

Thus, the review of literature shows t hat t he

measurenent of Fo both in phonation and speaking 'S
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inmportant in assessing the neuronuscular functioning and
diagnosis and treatnent of voice disorders. However, the
present study is also considering the neasurenent of
fundanental frequency in phonation as it would be helpful in

assessing and in therapy.

A discrepancy, then exists as to whether or not there
are differences in speaking fundanental frequency val ues
bet ween normal hearing and hearing-inpaired speakers of the

sane age.

Anot her factor that may influence speaking fundanenta
frequency is the nethod of communication. Oal versus tota
comuni cat i on. GREEN (1956) studied the effects of these
two nethods of comunication or 8-12 years and 6-21 years
old speakers and found that the differences between the two
schools were not statistically significant. But the study by
G LERT and CAVMPBELL (1980) in their population of children
between 4-6 years and 8-10 years showed that the hearing-
impaired children fromthe oral school for the deaf had
speaki ng fundanental frequencies which were closer to val ues
exhi bited by normal hearing speakers than that in the tota

conmuni cati on school as shown bel ow
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Mean speaking fundanental frequency

4-6 years 8-10 years
Nor mal hearing speakers 280. 62 264. 83
Hearing-inpaired (Qal 316. 30 281. 21
school)
Heari ng-i npaired (Total 351. 85 362. 58

comuni cation school)

The difference between schools may be explained in part
by the work of POLLACK (1964). The hearing-inpaired child
trained in total conmunication expressed hinself/herself
t hrough signs, finger spelling and speech. POLLACK (1964)
st at ed that when conflicting or conpeting "attention
tendenci es” are present (attending to correct "production of
signs and finger spelling, as well as voice production, one
"tendency" receivers nost of the attention at the expense of
the others. It may be assuned therefore that the «child's
concentration on the correct production of signs and finger
spelling detracts from his or her ability to self-nonitor
his or her voice through the aid of residual hearing. At an
oral school, there is greater enphasis on speech training

than at a total conmmuni cati on school

RAJANI KANTH (1986) studied the speaking fundanental

frequency and found a significant difference between nales
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and females and also between the two age groups as a
function of age. When conpared with the normals, the
heari ng-i npaired in general showed a higher speaki ng

fundamental frequency.

FREQUENCY RANGE | N PHONATI ON AND SPEECH

Humans are capable of producing a wde variety of
acoustic signals. The patterned variations of pitch over
[inguistic wunits of differing length (syllables, words,
phr ases) yield in critical prosodic features nanel y

i ntonati on (FREEMAN, 1982).

Variations in fundanmental frequency and the extent of
range used also relate to the intent of the speaker
(FAI RBANKS and PRONOVAST, 1939). More specifically, the
spread of frquency range used corresponds to the nood of the
speaker, that 1is, as SKINNER (1936) reports, cheerfu
ani mat ed speech exhibits greater range than serious,

t hought ful speech.

HUDSON and HOLBROOK (1981) studied the fundanenta
vocal frequency range in reading, in a group of young

bl ack adults, age range from 18-29 years. Their results
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a mean range from 81.95 - 158.50 Hz in males and from 139. 05
Hz to 266.10Hz in females. Conpared to a simlar white
popul ation studied by FI TCH and HOLBROOK (1970), the black
popul ation had greater nean frequency ranges. FITCH S
(1970) white subjects showed a greater range bel ow the mean
nodel than above. This behaviour was reversed for the black
subj ect s. HUDSON (1981) pointed out that such patterns of
vocal behaviour may be inportant clues which alert the

listener to the speaker's racial identity.

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

two octaves in fenmles is considered normal.

NATARAJA (1986) found that the frequency range did not
change much with age i.e. in the age range 16-45 years. He
also found that fenales showed a greater frequency range
than mal es in both phonation and speech. GOPAL (1986) from

a study of normal nales from 16-65 yers, reported slightly
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| ower frequency range in speech. Thus, review indicates that
it is inportant to have extensive data on the pitch
variations, before it <can be applied to the <clinica

popul ati on.

HANSON, GARRATT and WARD (1983), suggested that
majority of phonatory dysfunctions are associated wth
abnormal and irregular vibrations lead to the generation of
random acoustic energy, i.e. noise, fundanental frequency
and intensity variations. This random energy and a
periodicity of Fo is perceived by human ears as hoarseness.
Hence, the spectral, intensity and Fo paraneters are nore
appropriate in quantifying phonatory dysfunctions. The
frequency related parameters are the nost rugged and
sensitive in detecting anatom cal and sensitive in detecting
anat om cal and physi ol ogi cal changes in the larynx (HANSON

GARRATT and WARD, 1983).

Cycle to cycle variation in fundanmental frequency is
called pitch perturbation or jitter. Presence of snal
amount of perturbation in normal voice has been know (MOORE,

VON LEDEN, 1958; VON LEDEN et al. 1960). A periodic
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| aryngeal vibratory pattern have been related to t he

abnormal voi ce (CARHART, 1983, 1941, BOWER, 1964).

BAER (1980) explains vocal jitter as inherent to the
nmet hod of nuscle excitation based on the neuronuscul ar nodel
of the fundanental frequency and nuscle physiology. He has
tested the nmodel using EMG from cricothyroid nuscle and
voice signals, and clains neuronuscular activities as the

maj or contributor for the occurrence of perturbation.

WKE (1969), SORENSEN, HORI| and LEONARD (1980)
have reported the possible role of |aryngeal nucosal reflex
mechani smin Fo perturbation. This view of possible role of
| aryngeal mucosal reflex findings gets support from the
st udi es wher e deprivation or reduction of af f er ent
information from the larynx induce by anesthesizing the
| aryngeal nuscles. This mght reducea the |aryngeal nucosal
reflex (WYKE, 1967, 1969) and in turn increase the jitter
size in sustained phonation (SORENSON et al. 1970).

HEl BERGER and HORI I (1982) also say that nucosal
receptors in the larynx are inportant in nmaintaining the

| aryngeal tension particularly in sustaining high frequency
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tone. They stated that "the physiological interpretation of
Jitter in sustained phonation should probably include both
physical and structural wvariations and myoneur ol ogi ca

vari ations during phonation.

A nunber of high speed |aryngocopic notion pictures
reveal that the |aryngeal structures (the vocal folds) were
not totally symmetries. Different anmounts  of nmucous
accunul ation on the surface of the vocal folds during
vi brati on. In addition turbulent airflow at the glottis
al so causes sone perturbation. Limtations of |aryngea
servo mechanism through the articulation nyolitic nucosal
reflex system (GOULD and OKAMURA, 1974; WKE, 1967) may al so
introduce small perturbations in Jlaryngeal nuscle tone.
Even wi thout consideration of reflex mechani sm t he
| aryngeal nuscle tone have inherent perturbation due to the
time staggered activities, which exist in any voluntary

muscl e contracti ons.

VONLEDEN et. al (1960) reported that the nost frequent
observation in the pathological conditions it that there is
a strong tendency for frequency and rapid changes in the
regularity of vibratory pattern. The variations in the

vibratory pattern are acconpanied by transient pressure
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changes across the glottis which are reflected acoustically
in disturbance of the fundamental frequency and anplitude
patterns. Hence, pitch perturbation and anpl i t ude

perturbation values are greater in pathol ogical conditions.

WLCOX (1978), WLCOX and HORIl (1980) reported that a
greater magnitude of jitter occurs with advancing age which
they attributed to the reduced sensory contribution from
| aryngeal nechanoreceptor. However, these changes in voice
with age may also be due to physical changes associated
with respiratory and articulatory mechani sm These
perturbation are related parameters in pitch and anplitude
can be neasured. There are different algorithms for the

measur enment of pitch perturbations. Sone of them are -

(i) Absolute Jitter/sec/or Jita

1 N-1 (i) (i+1)
Jlta — == e :_;‘___ TO ——— FO _____
N-1 i=1
(1)
Were, To , 1=1, Z...N - extracted pitch period data.

M=Per, No.of extracted pitch periods.
(ii) Jitter percent or Jitt

1 2= (i) (i+1)
————— = _ To - To
N-1 1=1
JIEE & e ————— ey ey e
1 N _ (1)
= To
N i=1
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(i)
Were, To , i=l, Z...N - extracted pitch period data
N=per, No.of extracted pitch peri ods.

(iii) Pitch Period Perturbation Quotient (%

1 (1+r) (i+2)
———- To - To
N-4
PPQ = === == e e e e e e e e e e e e e
1
N

(iv) Srnoothed Pitch Period Perturbation Quotation (%

1 N-Sf+1 1 Sf-1 (i+r) (i+m)
—————— = =i = To - To
N-Sf+1 i=1 St r=o
SPPQ = =—=—=—m = e e e
1/N N (1)
= _ To
i+l
(i) _ . .
Were, To , i=l, Z ....N extracted pitch period data
No. of extracted pitch peri ods.
(v) Co-efficient of Fo variation (%)
2
1 N j | N (1) (1)
———— = --- = Fo — Fo
& N 1=1 N p=1
VFO = . ER e o
Fo 1 N (i)
oo Fo
N i=1

39

N=PER



wWhere, Fo = --- = Fo ., and
N i=1
(1) 1
Fo = -== - Period to period Fo wvalue
(1)

. To

(i) | .
To , 1=1, Z, . . N extracted pitch period.

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

(vi) Relative Average Perturbation (%)

1 N-1 (1~1) (1) (i+1)
- = To + To + To (1)
N-2 122 [/ Semmsmsmcomsness e e - To
3
RAP = ==—= = e e e e e e
1 N (1)
o = To
N i=1
(i) . .
Where, To , i=1, 2 = . N, extracted pitch period data.

N = PER No.of extracted pitch peri ods.

LI EBERVAN (1963) found that pitch perturbation in
normal voice never exceeded 5 nsecs in the steady state
portion of sustained vowels. Simlar vari ations in
fundanental periodicity of the acoustic wave form have been

nmeasur ed by FAI RBANKS (1940).

| WATA  and VONLEDEN (1970) reported that the 95%
confidence |limts of pitch perturbation in normal subjects

ranged from -0.19 to +0.2 nsec. Several factors have been
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found to effect the values of jitter such as age, sex, vowel

produced, frequency and intensities.

H GA NS and SAXMAN (1989) reported higher values of
frequency perturbation in nmales than fenales. Gender
difference may exist not only in magnitude, but also in the
variability of frequency perturbation. SORENSON and HORI
(1983) reported that normal fenale speakers have nore jitter
than normal nmale speakers. This result contradicts the
findings of H GANS and SAXVAN (1989). ROBERT and BAKEN
(1984) reported higher jitter values in nmales and females.
They attributed this difference to Fo. Wien the Fo

i ncreases the percentage of jitter val ues decreases.

ZEMBLIN (1962) has reported greater jitter values for
/al than [i/ and/u/ showed |owest value. This result is
supported by the studies of WLCOX (1978) and LINVILLE and
KARABI C (1987). JOHNSON and M CHEL (1969) reported greater
jitter value of high vowels than vowels in 12 English
vowel s. WLCOX and HORII (1980) reported that /u/ was
associated wth significantly smaller jitter (0.55% than

/al and /i/ (0.68% and 0.69% respectively).
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SORENSEN and HORII (1983) studied the vocal jitter
during sustai ned phonation of /a/, /i/ and /u/ vowels. The
result showed that jitter values were low for /a/ with 0.71%
high for /i/ with 0.96% and internediate for /u/ wth 0.86%
LINVILLE and KOCRABIC (1987) have found that intraspeaker
variability tend to be greatest on the low vowel /a/, wth
less variability on high vowels /i/ and /u/. The values of
the measures of jitter are dependent wupon the vowels
produced during sustained phonation and also the frequency
and intensity |level of the phonatory sanple and also the

type of phonatory imtation and term nation.

RAM G (1980) postulated that jitter values should
i ncrease when subjects are asked to phonate at a specific

intensity, and or as long as possible.

The extent and speed of fluctuation in frequency and
intensity are also one of the fundanental frequency and
intensity variation neasurenments. The fluctuations in
frequency and intensity in phonation sanple may indicate the
physi ol ogi cal (neuro muscul ar) or pathological changes in

the vocal nechani sm
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KIM KAKITA and H RANO (1982) have analyzed |enpanese
lul, lol, [lel, [lal and /il vowels. This was earlier
anal yzed by Imaizum (1980) using the spectrography in 10
voi ces of patients with recurrent |aryngeal nerve paralysis

and 10 normals to obtain the follow ng acoustic paraneters.

The acoustic paraneters obtained from the spectrographs were

(i) Extent of fluctuation in fundanental frequency

The extent of fluctuation as defined as the percent
score of the ratio of the peak to peak value of fluctuation
(/\ Fo) to the nean fundanental frequency(AFo).

(ii) Speed of fluctuation in fundanmental frequency

This has been defined as the peak to peak value 1in

deci bel s neasured on an average anplitude display.

(iii) Extent of fluctuation in intensity

This has been defined as the peak to peak value in

deci bel s neasured on an average anplitude displ ay.
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(iv) Speed of fluctuation in intensity

This was defined as the nunber of positive peaks on an
anplitude display within 1 sec. Peaks of 3 dB or greater

from adj acent though have been counted.

The results of this study have indicated that anong the
acoustic paranmeters studied significant differences were
found between the control and the diseased group in terns of
fluctuation of fundamental frequency. VANAJA (1986),
THARMAR (1991) and SURESH (1991) have reported that as the
age increases there was increase in fluctuations in
frequency and intensity of phonation and this difference was

nmore marked in fennl es.

NATARAJA (1986) has found that speed of fluctuation in
fundanental frequency and extent of fluctuation in intensity
paraneters were sufficient to differentiate the dysphonics
from the normals. He has given definition for extent and
speed of fluctuation in fundanental frequency and intensity.

They are nentioned bel ow.
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The extent of fluctuation in frequency was defined as
the mean of fluctuation in fundanmental frequency in

phonati on of one second.

The fluctuations in frequency was defined as variations

+ 3 Hz and beyond in fundanmental frequency.

The speed of fluctuation in frequency was defined on
the nunber of fluctuations in fundanmental frequency a

phonati on of one second.

The extent of fluctuation in intensity was defined on
the means of fluctuations in intensity in a phonation of one

second.

Fluctuation in intensity was defined as variations +

3dB and beyond in intensity.

The speed of fluctuation in intensity was defined as
the nunber of fluctuations in intensity in phonation of one

second.
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Cycle to cycle wvariation of anplitude is call ed
intensity perturbation or shimer. These perturbations in
anplitude can be neasured using several paraneters. These
are different algorithm for neasurenent of anpl i tude
perturbations. Sone of them are given bel ow :

(i) Shinmer in dB/or Sh dB

1 N-1 (1+1) (1)
sh dB ---- == 20 log [A A ]
N-1 1=}
(1)
Where, A , 1=1, 2, N - extracted peak to peak

anplitude data
N - No.of extracted inpul ses.

(ii) Shinmer Percent (% or Shim
-1

1 N (1) (i+1)

————— A - A

N-1 1=]

SN = ==ss=sEa e anramieetie s s

1 N (i)

————— = A

N-1 i=1

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

anplitude data

N - No.of extracted inpul ses.

(ii1) Anplitude Perturbation Quotient (% - APQ

1 N-4 1 4 (i+v) (i+2)
-—— = --- A - A
N-4 i=1 5 r=0
APQ = —--mm e
(i)
Where, A , 1=1, 2, N - extracted peak to peak

anplitude data
N - No.of extracted inpul ses.
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(iv) Snoothed Anplitude Perturbation Quotient (% (SAPQ

1 N-SF+1 i Si=1 (i+E) (1+m)
------ = i - A A
N-Sf+1 1=1 St r=o
DAPQ! B e o oo s i e s i oo e 5 o i o5 e M e i e S S R S
1 N (1)
= = A
N i=1
(i)
Where, A , i=l, 2, N - extracted peak to peak anplitude
dat a

N - No.of extracted inpul ses
Sf - Snoot hing factor
(v) Co-efficient of Anplitude Variation (% VAM

- N 1 N (1) (1) 2
RS = -—- = A - A
N i=1 N i=1
VAM = smemrecc e e e e e e e e e e e e e e e ————
1 N (1)
————— = A

N 1=1

(i) _

Where, A , i=l, 2, y extracted peak to peak anplitude
ata

N - No.of extracted inpul ses

Shimmer in any given voice is dependent at |east upon
t he nodal frequency |level, the total frequency range and the
SPL relative to each individual voice. MCHEL and WENDAHAL
(1971) and RAM G (1980) postulated that shimer values
should increase when subjects are asked to phonate at a

specific intensity and/or as |ong as possible.
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KI TAJI MA and GOULD (1976) studied vocal shimer during
sustai ned phonation in normal subjects and patients wth
| aryngeal pol yps. They found the value of vocal shinmmer
ranging from 0.04 dB to 0.21 dB in normals and from 0.08 dB
to 3.23 dB in the case of vocal polyps. Al t hough, some
overl ap between the two groups was observed they noted that
the neasured value may be an useful index in screening for
| aryngeal disorder or for diagnosis of such disorder and

differentiation between the two groups.

Vowel produced and sex are the two factors affecting
shi mrer values as reported in the literature. SCRENSEN and
HORIl (1983) reported that normal fenmal e speakers have |ess
shimer than normal male speakers. WLCOX and HORII  (1980)
reported that shimrer values were different for different
vowel s. SORENSEN and HORII (1983) studied the vocal shimer
during sustai ned phonation of /a/, /il and /u/ vowels. The
results showed that shinmer values were lowest for /u/ wth
0.19 dB, highest for /a/ with 0.33 dB and internediate for
[il wth 0.23 dB. These results were supported by HORI
(1980).

H GG NS and SAXMAN (1989) investigated within subject

variation of 3 vocal frequency perturbation indices over

48



multiple session for 15 female and 5 male young adults
(pitch perturbation quotient and directional perturbation
factor). Co-efficient of variation for pitch perturbation
quotient and directional perturbation factor were considered
indicative of tenporal stability of these neasures, while
jitter factor and pitch perturbation quotient provided
redundant information about |aryngeal Dbehaviour. Al so
jitter factor and pitch perturbational quotient varied
considerably wthin the individual across sessions, while
directional perturbation factor was a nore tenporarily

stabl e neasure.

VENKATESH et al. (1992) reported Jitter Ratio (JR),
Rel ative Average Perturbation, 3 point (RAP 3), Deviation
fromLinear Trend (DLT), Shimer in dB (SHM and Anplitude
Perturbation Quotient (APQ to be nost effective paraneters
in differentiating between normal males, normal females and
dysphoni c groups. They added that in t he clinica
application, Shimer s nost effective paraneter and act
like a quick screening device and in pitch perturbation
nmeasures like jitter ratio(JR), relative average perturbation (3
point) and DLT are nost useful in differentiating |[|aryngeal

di sorders.
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SRIDHARA (1986) studied glottal waveforns of young
normal nales and females. The results are given below in

the table (a) and (b).

Tabl e (@)

Mean Val ues of Jitter (in nsec)

al Il lul

Mal es 0. 065 0.11 0. 067
Fenal es 0. 058 0. 03 0. 048
Tabl e (b)

Mean Val ues of Shimer (in nmsec)

[ al [il {u/
Mal es 0. 033 0. 066 0. 15
Fenal es 0. 07 0. 37 0. 44

Based on the review of studies it can be inferred that
pitch and anplitude perturbation neasurenents and extent and
speed of fluctuation in frequency and intensity can
effectively be wused in detect in and differentiating
| aryngeal pathol ogies and also differentiating normal nales,

normal fenal es and pat hol ogi cal groups.

ELECTROGLOT TOGRAPHY

The acoustic analysis of voice-H RAND (1981) states

that "this nmay be one of the nost attractive nethodfor



assessi ng phonatory function or |aryngeal pathol ogy because
it is non-invasive and provi des objective, and quantitative

dat a.

Many acoustic paraneters derived by various nethods,
have been reported to be useful in differentiating between
t he pat hol ogi cal voice and normal voice. But HANSON et al.
(1983) reported that the acoustical mneasurenents do not
necessarily have a direct physiological correspondence to

abnormal glottal activity.

The aerodynam c aspects of phonation is characterized
by four paraneters mainly subglottal pressure, supragl otta
pressure, glottal inpedance and volunme velocity of the
airflow at the glottis (H RANO 1981). These neasurenents
al so have been reported to be related to listeners rating of

devi ant voi ce di nensi ons (HANSON ET AL. 1983).

Measur enent s that can be related to the nor mal
physi ol ogy and patho - physiology of normal behaviour are
hi ghly descri bed. Since phonatory dysfunction, usual |y
mani fests as a result of abnormal oscillatory novenents, the

nmeasurenment and analysis of the vibratory pattern of voca
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folds has the potential to provide detailed information on
the pathophysiology of the vocal folds during phonation
(HANSON et al. 1983).

The study of vibratory, novenents has drawn a Ilot of
interest of researchers recently. Several nethods have been
devel oped with the object of visualizing the rapid novenents

of vocal folds.

Met hods of Studying Vocal Fold Vibrations

The vocal cords vibrate at around 100-300 Hz during
normal conversation and even at higher |levels during
si ngi ng. Qbservation of such vibrations require special
met hods. The following are sone of the nethods wused to
study vocal fold vibration.

(i) Stroboscopy
(ii) Utra - sound gl ottography
(iii) Utra -high speed photography
(iv) Inverse - filter method

(v) Photo - electric glottography (PG5
(vi) Electroglottography (EG

Stroboscopy - SCHONHA (1960) was the first one to nmake

extensive and pioneering studies with the use of a nodern
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| aryngo- stroboscopy. In this technique, the light source of
the stroboscopy emts intermttent cycles when the flashes
are emtted at the sane frequency as that of the vocal fold
vibration. A sharp and clear still inage of the vocal fold
is observed, when the flashes are emtted at frequencies
slightly less than the frequency of vocal fold vibration,
giving rise to a systematic phase delay of the consecutive
light flashes, a slow notion effect is produced (H RANQ
1981). Stroboscopy does not give any objective reading but
is entirely dependent on the investigators subj ecti ve

i mpression of slow notion.

Utra-sonic dottography - This was first described by
HERSCH (1964) nmakes wuse of short ultra-sound pul ses
generated by electrically excited ultrasound transducer wth
a repetition frequency of about 10 VvHz (HOVER et al. (1973).
The transducer probe place on the thyroid |amna, and
reflected ultra-sound pulse wll be picked up by a
transducer, visualized as a «curve on a cathode ray

osci | | oscope.

Utra H gh Speed Photography - The technique involves

phot ographing the vibrating novenents of vocal cords by a
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special canmera at a speed of about 4,300 franmes per second

(HALLEN et al. 1977).

The larynx can be viewed directly in a small mrror
suitably positioned for back in the nouth. By illum nating
the vocal cords with a high intensity |ight beam FRAVSWORTH
was able to nake novies of vocal cord nmotion of 4000

franes/ sec.

This nethod is invasive and hence requires a great deal
of co-operation fromthe subject. It is not only expensive

but also consunes a lot of space and tine.

Anatom cal anomalies of pharynx and larynx nmay cause
problem to photographers. But the advantage wth this
nmethod is that it facilitates frane-by-frame analysis of

various paraneters of the vibration of vocal cords.

Inverse Filter Method - It is an acoustic procedure in which
the inverse of the lip radiation and the vocal tract spectra
contributions are used to renove the acoustic effects of the

supraglottal vocal tract leaving the glottal volume flow
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The nore abnormal the voice the nore direct to choose
inverse fitter parameters. This nmethod was first described
by MLLER (1959), SONDHI (1975). But a signal having |arger
fitter value, the inverse will be the poorest choice of

t echni ques.

Photo-electric dottography (PG - This is a technique
( SONESSQN, 1959 and 1960) in whi ch [ight, bei ng
transillum nated through the skin of the neck, is allowed to
pass through the glottis and is picked up by [light

conductive rod introduced into the nouth. Wen the vocal
folds vibrate, the glottis is alternately closed and opened
and the intensity of the [|ight alternately vari es,
corresponding to the actual glottal area. The l'i ght
conducting rod is connected to a nultiplier phonetube, and
onto a cathode-ray oscilloscope. A curve is then obtained

whi ch corresponds to the vibration of vocal cords.

Thi s method is better than st roboscopy because
graphical display 1is possible and better than ultra-high
speed photography because it is econom cal. This method
does not allow conclusions concerning t he Vi brat ory
novenents of one single vocal fold according to HOMVER et

al. (1973).
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Photos electric glottography unlike electroglottography
gives nore information during the open portion of the

glottal cycle (HANSON et al. 1983).

El ectro-dottography (EGS - this is a technique in which
the transverse electrical inpedance varies with opening and
closing of the glottis, and results in variation of the
electrical current in phase with the vibratory phases of the

vocal folds, resulting in glottogram (Lx).

The EGG, however, appears, to be considerably affected
by artifacts, including variation in the inpedance between
the electrodes and the skin, vertical displacenent of the
relation to electrodes, conditions of cervical structures
other than glottis, and so on. It is difficult to determ ne
the extent to which the contact area of the wvocal fold

contributes to the output signal of EGG

Di scussing about the wvarious paraneters of voice,
M CHEL and WENDAHAL (1971) state that "glottal wave form
cannot be easily defined as some of the other paraneters”.
Basically however, an index of glottal wave form nmay be

obt ai ned by cal cul ati ng,
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of the vocal folds

the opening ti
ti of the vocal folds

the closing
the open tine ' _
the close time, all during a single vibratory cycle.
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Different workers, give different descriptions of the

glottal waveforms. For exanple, HIRANO (1981) divides one

vibratory cycle into two major phases, the open phase and

t he

closed phase. Open phase is further divided into the

opening and closing phase.

MOORE and THOMPSON (1965) state that the following two

conditions are present for normal phonation -

(i) Al the three phases for vibratory cycle 1i.e. opening
phase, closing phase and cl osed phase.

(ii) The mtion of the two cords tend to be relatively
synchronics and equal in anplitude during voicing,
regarding frequency of excitation, perturbation in
vi bration, etc.

It makes wuse of wmotion induced vibration in the
el ectrical inpedance between two electrodes placed on the
skin of the neck. The electrodes are placed above the

thyroid lam nae. A weak, high frequency voltage of 0.5 - 10
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Mz is applied into one electrode and the other electrode
pi cks up the electrical current passing through the [|arynx.
The transverse electrical inpedance varies with the opening
and closing of the glottis, and result in a variation of the
electric current in phase with the vibratory phases of the

vocal fold.

The technique was first reported by FABRE (1957).

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

recording to the glottal i nmages.

FOURLI N (1975) made sinultaneous recordings of EGG and
airflow velocity curves for different nodes of phonation and
described the nmethod to interpret the electroglottorans.
He also enphasized that fundanental period of vocal fold

vi bration could be determ ned quite accurately using EGG

In contrast to PGG whose output signal reflects the
size of the glottal area during the open phase, the output
signal of EGG convey information about the contrast area of

the vocal folds (KCSTER and SM TH, 1970). So, EGG could be
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useful for investigating the glottal condition during the

cl osed phase.

However, various quotient and index can be cal cul ated
using the nmeasurenents of duration of different phases of

vibratory cycle in order to study the glottal waveforns.

TIMCKE, VON LEDEN and MOORE (1958) expressed the
relative duration of the phases of vibratory cycle in terns
of quotients. Since then various quotients and indices have
been derived using the nmeasurenents of duration of different
phases of the vibratory cycle in order to study the glottal

wave form

(i) Open Quotient (OQ - OQis defined as the ratio of the

open phase to the total period of vibration. i.e.
Open phase
L i e i el
Total duration of the cycle

There is a relationship between OQ and the fundanental
frequency of vocal fold vibrations. OQ has been found to
increase wth increase in fundanmental frequency (Tl MCKE,

1957) .
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TI MCKE (1957 and 1960) observed an increase in OQ wth
falling intensity and decrease in OQ with raising intensity.
But LUSCH NGER (1956) stated that OQ was practically
i ndependent of sound intensity (i.e. OQ was 0.66 and 0.86 at
two pitch levels of 327 and 325 Hz at 65 phones. And 0.66

and 0.62 for these pitch levels at 80 phones).

TIMCKE further states that OQ was larger wth open
phase being larger. The value of OQ was 1.0 when there was

no conplete glottal closure.

It has been denonstrated mathematically (FLANAGAN,
1958) and experinentally (VAN den BERG ZANTEMA  and
DOORENBELL, 1957; TIMCKE, VON LEDEN and MOORE, 1950) that
the wvocal intensity increases along with efficiency of the
glottal generator, as the OQ decreases, i.e., as the faction
of the glottal cycle during which the glottis 1is open,
becones snmaller. A smaller OQ describes a condition in
whi ch strong, short glottal pulses excite the vocal tract to
resonate high harnonics, the sharper the puff, the richer
the glottal wave in the high frequency conponents or high
harnoni cs characterize acoustically powerful efficient voca

t ones.
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TIMCKE et al. (1958) illustrated the relationship
between OQ and the period of vibration between OQ and the

period of vibration with respect to vocal intensity.
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Fig. Relationship between 0Q and vocal intensity.

In the above figure, the opening phase was stable wth
| oudness change. Loudness was a function of closing phase
only at Ilow frequency. At high frequency, nuscles of

exhal ation help in increasing the intensity.
(i1) Speed Quotient (SQ or Velocity Quotient (VQ

The tine relationships between the opening and closing

phase of each vibrator in speech quotient, according to
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LUSCHI NGER (1965). The SQ was proportional to voca

intensity, but was not influenced by the changes in pitch,
register, vocal type, or sex. During phonation, the voca

folds close faster than when they open. As the |oudness
increased the lateral displacenent of the vocal folds also
increased, as they were blown nore vigorously apart (Tl MXE
et al. 1958). For trained voices, less lateral displacenent
and a longer period of closure than for untrained, was
reported by FLETCHER (1954). The value of SQ given by
TIMCKE et al. (1958) was 1.17.

(iii) "S" ratio (SR

SR is the ratio of contact phase to open phase. In
normals, it is around 0.657, where as it is 0.608 in
dysphoni cs.

(iv) Jitter and Shinmrer (J&S)

Jitter and Shimer are physical correlates of rough or
hoarse voice (according to MOORE and THOWPSON, 1965; M CHEL,
1966; COLEMAN and WENDAHAL, 1967). A nethod of quantifying

of normal and abnormal voice is to neasure the differences
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between the period of each successive cycle. This is
jitter, which 1is expressed either in mlliseconds or in
percentage. Jitter is the extent of rapid abrupt change in
adj acent periods of the fundanental frequency wave (IWATA
and VON LEDEN, 1970). HORI GUDU, HQAJI, BAER and GOULD
(1986) have speculated a relation between jitter analysis of
EGG wave forns and the degree of hoarseness (SPEARMAN s rank

correlation coefficient Vs=0.73 p<0.0005).

DEJONCKERE, LEBACQ (1985) made an attenpt to quantify
the shape of electroglottography signal. The purpose of
their work was to provide an answer to the follow ng

guesti on.

Can a single EGG paraneter be easily and systematically
quantified 1in order to show a possible difference between
subjects wth a characteristic pathology such as vocal

nodul es and nor nmal s?

In order to answer the question, they nmeasured the
quotient "S" for each curve. The "Sratio" is the ratio
between the upper half of the cycle i.e., closed half and

the lower half of the cycle i.e. open half.
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Fig. R

Open half 0

They concluded saying that, in case of pathol ogical
subjects the "S ratio" is much |lower conpared to normals

(pat hol ogi cal subjects 0.4073 and normals 0.6569).

They also showed that nean value of "S rati o"
significantly different and high anong normals and voca
nodul es cases. This is to say, that contact area is reduced
in cases of vocal nodules conditions and this reduced voca

fold contact is an etiologic factor of vocal nodul es.

KITZING and SONNESON (1974) studied 20 young fenmales
during normal phonation using EGG and found that the values

for open quotient (OQ speed quotient (SQ and rate quotient

(RQ. For lowpitch the values were 0.63, 1.1, 2.3 and for
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high pitch it was 0.77, 1.1, 1.7 respectively. For weak
intensity the values were 0.83, 1.1 and 1.5 and for strong

intensity it was 0.70, 1.1, 2.1.

They concl uded that -
* OQ increases as pitch increases and intensity decreases.

* SQ increases as intensity increases but ....influenced
pitch.

* RQ increases as intensity and pitch decreases.

DEJONKERE and LEBACQ (1985) - State that abnormal EGG

has been considered in 5 different ways:

(i) Pitch characteristic (too high or too Ilow KITZI NG
(1979).

(it) Vibration irregularity (Jitter) denonstrat ed by
hi st ogram KI TZI NG 1979; FOURCI N, 1981

(ii1) Spectral features of the signal 1in cases of
di pl ophoni a DEJONEKE and LEBACQ, 1983.

(iv) Morphol ogy of the waveform Van M CHEL, 1967.

(v) Spectral analysis of the waveform KELMAN, 1981

CH LDERS et al. (1990) conducted a study in order to

correlate vocal fold physiology and electroglottography.

They sel ected few paraneters such as;
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(i) The instant of the opening of the glottis.
(ii) The instant of the closing of the glottis.
(iii) The instant of maxinum opening of the glottis and
compared between normal l|arynges and patents wth
di sorders. They also nmade measur ement s usi ng
synchroni zed ultra high speed laryngeal filnms and EGG
wave form collected from normals and pathol ogical

voices. Their research findings suggested that;

(a) Specific EGG features are associated with certain gross
vibratory characteristics of both normal and pathologic
voices (LEE and CH LDERS, 1989; PINTO, CHILDRENS and
LALWANI, 1989). Al t hough supporting data are still
limted, even subtle vibratory characteristics appear to
be reflected by the EGG wave form (H CKS, BAE, CHI LDERS
and MOORE, 1987).

(b) The EGG is confirmed as useful for analysis synthesis
purposes, as well as for nmodeling |laryngeal behaviour

(CHI LDERS et al. 1986).

Unfortunately the limtations include -

(i) EGG - based voice performance inpression (such as Fo,
| oudness, quality factors etc.) confirm what t he

clinician already can hear or can measure in the other way,
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(ii) The EGG reveals little about voice quality, for
exanple, a breathy voice may have an EGG simlar to
that of a voice the conplete glottal closure (CH LDERS
and KRI SH NAMURTHY, 1987.

(iii) The EGG cannot recognize some significant features of
vocal fold physiol ogy. Phot ographi ¢ evi dence reveals
that the vocal fold can vibrate with many variation in
the amount and region of contact, and with change in
fold contours and do not involve contact. Because the
EGG is designed to nonitor vocal fold contact (not
novenment per se), it is unable to nonitor these non-

contact types of vibratory patterns.

(iv) The wave formis not in a formthat can be understood

or conmuni cat ed.

Vari ati ons in fundanental frequency (period) and
anplitude of successive glottal pulses and referred as
Jitter and Shimer respectively. Because of their mnute
nat ure, their nmeasurenents were time consuni ng and
difficult, and normative data on jitter and shimrer have
been slow to accumul ate. Excessive anounts of jitter and
shimer have been inplicated as an indication of |aryngea

dysfunction, however and al so together with spectral noise
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conmponents, as acoustic correlates of rough or hoarse voice

qual ity (HEIBERER and HORII, 1982).

In case of orally voice the |[|aryngeal wavef or m
typically shows pairs of vocal contact separation sequence
in which a small peak precedes a |ong peak, both occurring
with considerable tenporal irregularities. The small peak
has a relatively slower onset than the long and the w dth of

| arge peak indicates a very long closure duration.

FOURCIN (1981), using Fx histograns, was able to
differentiate between laryngitis and normals. He has
descri bed about the age and the possible effects of snoking

usi ng Fx hi st ograns.

He has also studied pathol ogical subj ects i ke
recurrent |aryngeal nerve palsy, laryngeal carcinoma and
vocal polyp. Discussing about the wuse of |aryngographic
studies he states that studying of Lx wave form is useful

function but also helpful in therapy.

KELMAN (1981) adopted a nethodology simlar to the
present study and he obtained the following results for

vowel /u/ 12 cycle (154 Hz) produced by a nmale and vowel /i/
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14 cycle (204 Hz) produced by a fenale. He did find
consistent difference in the result obtained from different
vowel s. In this study the majority of phonation requires
between 7-16 cycles, for the anplitude to beconme study. H's
data showed that the male subjects took significantly |onger
time than the female subjects to attain study anplitude.
These probably reflect higher fundanmental frequency for
female and also greater mass and intertia of male vocal

f ol ds.

In recent vyears electroglottography (EGS has often
been used to client various vibratory nodes of the vocal
folds thus giving a nore precise nation of the vocal
register. The two main |aryngeal nechani sms (Mechanism |
Heavy or chest register and Mechanism I, high or falsetto
register) has clearly identified EGG traces, ASKENFELT,
1981; KITZING 1982, LECTUSE, 1977.

SRI DHARA (1986) studied |aryngeal waveforns in 30 young
normal females and males using /a/, /i/ and /u/ vowels. He
has reported the followi ng values for different paraneters

of laryngeal waveforns.
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(i) Open Quotient
Mean Val ues of OQ

Sex [ al [il [ ul
Mal e 0. 69 0.71 0.72
Femal e 0.74 0.72 0.71

(i1) Speed Quotient
Mean Val ues of SQ

Sex [ al lil [ ul
Mal e 1.98 1. 74 1.79
Femal e 2.25 2.28 2.30

(iii) Speed Index

Mean Val ues of Sl

Sex /al [l [ ul
Mal e 0. 398 0. 247 0. 266
Femal e 0. 377 0. 361 0. 362

(iv) "S Ratio"
Mean Val ues of SR

Sex [ al [il [ ul
Mal e 1.13 1.12 1.11
Femal e 1.13 1.10 1.09

Amplitude perturbation or anplitude variation from
cycle to cycle is shinmrer, expressed in dB. HORI GUDU, HAJI,
BAER and GOULD (1986) found that shimrer was nore sensitive
to laryngeal pathology than jitter. Both jitter and shi mrer
differentiate extrenely and noderately hoarse voice, but
only shinmrer could differentiate between noderately and

slightly hoarse voice.
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Jitter and Shimer have been found to be useful in

differentiating normal from abnormal voice by KO KE, 1969,

1973; MCHEL et al. 1973; HORII, 1978, 1979 and ot hers. In
fact LIBERVAN (1963). MONTGOVERY et al. (1970) have
reported early detection of |aryngeal pathol ogy usi ng

shinmer and/or jitter.

A confortable level, average jitter is 1%or less in
phonati on. Different values of jitter and shimer as

reported by different investigators.

Jitter 0.6% (Jakob, 1968) and
0.5% (Horii, 1982)

Shimer 0.1 dB (Koi ke, 1969; Gould and Kitajom, 1976), and
0.5 dB (Horii, 1982)

Jitter and Shimmer differences have been shown to exi st
anong different vowels by HORII (1982). Normative data from
WLCOX and HORIlI (1960) have shown that /u/ was associ ated
with significantly smaller jitter (0.55% than /a/ and /i/

for which the value is 0.68% and 0.69% respectively.

JOHNSON and M CHEL (1969) have reported a higher jitter

for high vowels than for |ow vowels. It has also been

reported that when subjects were asked to phonate at a
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special intensity and/or as long as possible, jitter and

shi nmer val ues i ncreased.

HORI'I (1982) observed that vocal fry was characterized
by greater jitter and shimrer values than in nodal phonation
i.e.2.5 Vs. 0.9% of jitter,1.15 Vs. 0.48 dB of shinmmrer

respectively.

MOUSEN, ENGEBRETSON and VEMJULA (1979) have found the
rate of jitter to be higher for hearing-inpaired. For
normals, jitter rate tended to be closer to the maxi mum
peri od-to-period change, while for hearing-inpaired maxi num

peri od-to-period change was greater than average jitter.

MONSEN et al. (1979) found that in nbost of the hearing-
impaired, the average shinrer was between 0.02 to 0.06 dB
(which is also the normal range) but a few had double this
anmount . The |arger anmobunts of jitter and shi mmer
constituted an incipient form of diplophonia, or at |east

were related to diplophonia in cause.

There are divergent results pointing to the conplexity

of the relationship anong a |arger nunber of variables that
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af fect vocal production. Studies are needed to determ ne
the variables and their interaction in voice production

(PERKINS, 1982).

The nature of sound generated by vibration of voca
fol ds can be specified in terns of acoustic and
psychoacousti c terns. These (f undament al frequency,
spectrum time related variables) are useful in drawing a
voice profile as they provide objective and quantitative

dat a.

Norms of acoustic paraneters have been given, for
| ndi an popul ation, by KUSHALRAJ (1984), RASHM (1985),
VANAJA (1986) and SRIDHARA (1986). Sridhara has given
normative data for the paraneters neasured on EGG A study
of the acoustic paraneters in the hearing-inpaired was done
by RAJANI KANTH (1986). Such information is useful in
providing therapy goal and to check the effectiveness of a

t echni que.

The normative val ues given by SR DHARA (1986) using EGG

for the vowels /a/, /i/ and /u/ are :
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Q was found to be 0.52 in males and fennles.

SQ was 1.84 in nmales and 2.17 in females being (significant at
0.001 |Ievel).

SI was 0.29 in males and 0.03 in fermales (the difference between
mal es and fermal es being (significant at 0.05 | evel).

Sratiowas 1.12 in both females and nales, jitter value was 0.06

nsec. in males and 0.046 nsec. in females (difference significant
at 0.05 level).

The Review of Literature so far indicates that nost of
the studies are on subjective evaluation (i.e. listener as
an anal yzer) (HUDA@ NS and NUMBERS, 1942; PENN, 1958; COLVER,
1962; MORTONY, 1965; NOBER, 1967; MARKIDES, 1970; SM TH,
1975; McGARR, 1978; GEFFNER, 1980).

Thus, the review of literature indicates that the study
of wvocal cord vibration using EGG provides a very useful
information in understanding the physiology of both nornal
and abnornmal voi ce productions. Such an information wll be
of great help in the diagnosis and treatnment of voice

di sorders.

Further, as G LBERT (1984) states that this is a non-
i nvasive nmethod, it neither disrupts phonation nor requires
unconfortable illum nating and phot ographic equi pnent to be

positioned in the vocal tract. Mor eover, | ar yngogr aphy
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| eaves the subject unencunmbered for continuous speech and

other monitoring procedures.

From the review, it is clear that there is no nmuch
literature available on multidimentional measurements of
voice of the hearing-inpaired. Thus, the purpose of this
study was to use a nultidimentional voice analysis for the
hearing-inpaired. The different parametrs taken were as
follows:
|.[A] Fundamental Frequency Measures:

Mean fundamental frequency

Maxi mum fundamental frequency

Range of fundamental frequency

[

)

)

) M ninmum fundamental frequency

)

) The number of fluctuation in frequency/sec.
)

Extent of fluctuation in frequency.
[B] Intensity measures
Mean intensity

Maxi mum intensity

)

)

) Mnimum intensity
) Range of intensity
)

The number of fluctuation in intensity/sec.

) Extent of fluctuation in intensity.
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VETHODOL OGY

The present study is ained at examning the various
paranmeters of voice of hearing inpaired children usi ng
mul ti di nensional analysis of voice. The rmul ti di mensi onal
anal ysis consisted of the fundamental frequency and intensity
and related paraneters, electroglottographic neasures and
pitch and anplitude perturbation nmeasures. It was decided to

use phonation(/a/, /i/. and /u/) for the purpose of analysis.

SUBJECTS:

Twel ve hearing-inparied children (6 males and 6 fenales)
in the age range of 5-9 years were selected for the study.
Their hearing pure tone threshold levels (HIL) ranged from
70-90 dB. The subjects had normal intelligence, and nornal
speech nechani sm These children were selected from AllSH
Therapy Clinic, who were under going speech and |anguage
t her apy. No attenpt was made to include only the good
speakers or to exclude the particularly poor speakers.
(Details of these subjects are given in Appendi x-A).

Twel ve subjects having normal hearing and with no known
history of speech & or hearing problem served as control
gr oup. These two groups were matched for age, sex and
intelligence except on hearing sensitivity. This group also

had normal speech nechani sm
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SPEECH SAMPLES FOR ANALYSI S:

Phonation of vowels /a/, /i/ and /u/, three tines each,
for five seconds by each subject were used as voice sanples

for the study.

| NSTRUMENTATI ON:

The following instruments were used for the study:

(1) Mc- Ahuja ADC - 535 m

(2) Electrolaryngograph (Kay Elenmetrics Corporation)

(3) PC-AT conputer based on Intel 80386 m croprocessor and
I ntel 80387 NDP

(4) VSS - 12 bit ADC and DAC data output and input cord wth
SIU (Speech Interface Unit).

(5) VSS- software programme for pitch and intensity anal ysis.

The instrunents were arranged as shown in the block

di agram

Mic
Figure 1: Bl ock diagram show ng ar r angenent of
instrunents for the purpose of recording and

anal ysis of voice of the subjects
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Al the instrunents were calibrated prior to the
experiments as per the instructions given in the mnual of

I nstrunents.
EXPERI MENT | ;

The purpose of this part of the study was to analyze the
voice to obtain fundanental frequency and intensity and
related parameter in normal and hearing inpaired individuals
using the conputer programme "Inton analysis" to obtain the

foll ow ng paraneters-

(A) Fundanental Frequency Measures:

1) Mean fundanental frequency

2) Maxi num fundanental frequency

3) M ninum fundanental frequency

4) Range of fundanental frequency

5) Speed of fluctuation in frequency

6) Extent of fluctuations in frequency
(B) Intensity Measures:

1) Mean intensity

2) Maximumintensity

3) Mninumintensity

4) Range of intensity

5) Speed of fluctuations in intensity

6) Extent of fluctuations in intensity
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PROCEDURE:

The subject was seated confortably. Then the subject

was given the followi ng instructions:-

"Now we are going to record your Vvoice. Pl ease start
saying /al using your usual or natural pitch and | oudness
and continue it till 1 say stop. VW will do this three
times." The instructions were given in Kannada (as all the
subjects tested knew Kannada), supplenented by tactile cues
and denonstration for t he hearing-inpaired subjects.

Subj ects were al so wearing hearing aids.

The m crophone was kept 6 inches away from the nouth of
the subject. The output of the mcrophone was fed to the
Speech Interface unit, which was interfaced wth the
conputer which had AD DA cord and programes to record
and store the acoustic signal on the hard disk. As each
subject phonated, the voice signal was recorded on the
conputer at a sanpling rate of 16 KHz. The level indicators
on the Speech Interface wunit was wused to nonitor the
intensity level to avoid any distortion in recording . The
phonation signal of approximately five secs was recorded and
stored in the hard disk of the computer, which was used for
analysis at a later stage. Each subject of both the groups,

produced vowel /a/ three tines each and all the sanples were
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recorded and stored. Simlarly three productions of vowel /i/
and three productions of vowel /u/ by each subject of both
the groups were recorded and stored on the conmputer hard
di sk.

The analysis was done wusing the programe "Inton
anal ysis" (VSS, Bangal ore) The analysis yielded the foll ow ng

parameters -
(A) Fundanental Frequency Measures:

1) Mean fundanental frequency

2) Maxi num fundanental frequency

3) M ninum fundanmental frequency

4) Range of fundanmental frequency

5) Speed of fluctuation in frequency

6) Extent of fluctuations in frequency
(B) Intensity Measures:

1) Mean intensity

2) Maxinmum intensity

3) Mnimumintensity

4) Range of intensity

5) Speed of fluctuations in intensity

6) Extent of fluctuations in intensity
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EXPERI MENT I I :

The purpose of this part of the stud/ was to analyze the
vocal fold novenent during phonation in hearing-inpaired and
normal individuals using el ectroglottography. The paraneters

selected for the purpose were:

(1) Qpen Quotient (0OQ
(2) Speed Quotient (SQ
(3) Speed Index (SI)
(4) "S" ratio

PROCEDURE:

The subjects were seated confortably in front of the

i nstrunents. The two electrodes were placed on the two
thyroid al ae. The position of the electrodes were adjusted
until clear |aryngeal waveform appeared on the screen, when

the subject phonated. Artifacts such as, variations in the
i npedance between the electrodes and the skin, vertical
di spl acenent of larynx in relation to electrodes etc., were
avoi ded.

Each subject, was given the following instructions. "Now

| am going to put this band around your neck Ilike this
(denonstration) then, please say, / al in your wusual or
natural pitch and |oudness as soon as | say 'start' and

continue it till | say stop".
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El ectrogl ot ographi ¢ measures.
Open Quoti ent

Speed Quotient

Speed | ndex

Pitch and anplitude perturbation measures:

Jitter ratio (JR

Directional perturbation factor for

Frequency)

frequency

Rel ative average perturbation (RAP-3 point)

Shi mmer [ S(dB)]

Directional perturbation factor
anplitude)

Ampl i tude perturbation quotient

76

for

( APQ) .

anpl i tude

( DPF-

( DPF-



The above hypothesis were tested as follows.,

Twel ve hearing-inpaired and twelve normal  hearing
subjects, (six nales and six females) with a age range of
five to nine years respectively, served as subjects. Three
productions of /a/, /i/ and /u/ were recorded and analysed
using conputer, to obtain the above nentioned paraneters.

The results have been presented and discussed.
| MPLI CAT |ONS OF THE STUDY

1) The study is hoped to provide information about the effect
of hearing inpairment on the nornal production.

2) It IS hoped t hat information gained from the
mul tidi mensional analysis would help in adding to the
exi sting therapeutic techniques.

3) It provides information regardiung the phonatory mechani sm

in hearing inpaired individuals.
LI M TATIONS OF THE STUDY:

1) The study was limted to the age group of 5-9 years and
the nunmber of subject used is |ess.

2) The study is only limted to only certain aspects of
voi ce.

3) Al degrees and types of hearing loss subjects were not

st udi ed.
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El ectr odes

Figure 2: The Block diagram of instrunents used for

obtaining electroglottogram and its anal ysis.

The signal form the |aryngograph was fed to the conputer
through the Speech Interface unit. As each subject phonated
the voice signal was recorded on the conputer at a sanpling
rate of 16 KHz. The level indicators on the Speech Interface
unit was used to nonitor the intensity level to avoid any
distortion in recording . The phonation signal of
approximately five secs was recorded and stored on the
harddi sk of the conputer, which was used for analysis at a
| ater stage. Each subject of both the groups, produced vowel
/al three tinmes each and the sanme was recorded and stored.
Simlarly three productions of vowel /i/ and three produc-
tions of vowel /u/ were produced by each subject of both the
groups and were recorded and stored on the conputer hard
di sk. The display of the glottotal waveform was obtained
and was used to nmeasure different paraneters. The displ ay
(on the conmputer nonitor) of the glottal waveform in terns
of tinme (in mlli seconds) on the X-axis and anplitude of the
signal (in mllivolts) on y-axis. The tinme at any given

point could be neasured by noving the cursor horizontally.
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From the display of the waveforns of the recorded signal

ten successive cycles of glottal waveform were selected for

further analysis. Each cycle was analysed at different

points by noving the cursor, to obtain the duration of
different phases of vocal fold vibration. After marking

different points in each cycle, different paraneters of the

| aryngeal wave form were calculated by the conputer and the

results were displayed. Thus for each subject

(1) Qpen Quotient (0OQ
(2) Speed Quotient (SQ
(3) Speed Index (SI)
(4) "S" ratio

were obtained for all the productions of /a/, /i/, and /ul.

EXPERI MENT | |1 :

The purpose of this part of the study was to anal yse the
pitch and anplitude purturbation during phonation in nornal
and hearing-inpaired individuals. The voice sanples of /al,
[i/, and /u/ of all subjects recorded for Experinent II
i.e.., using Electroglottograph was used for this experinment
al so. By analysing the voice signal using ‘"Jitshim
programme (VSS, Bangalore) the followng paraneters were

obt ai ned.
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(A) Pitch Perturbation Measures
(1) Jitter ration (JR
(2) Directional Perturbation factor for frequency (DPF - fq.)
(3) Relative Average Perturbation (Three point) (RAP-3

poi nt) .

(B) Amplitude Perturbation Measures
(1) Shimrer (dB) [S.(dB)]
(2) Directional Perturbation factor for Anplitude (DPF-AM)
(3) Anplitude Perturbation Quotient (APQ

STATI STI CAL ANALYSI S:

The data was further subjected to statistical analysis
using "Epistat” Programme to obtain descriptive and

inferential information. Mann - whitney 'U test was used to

conpare the groups for significance of difference.



86

RESULTS AND DI SCUSSI ONS

The present study ains at nultidinmentional evaluation of the
voice of the Hearing Inpaired children. This study was

carried out as foll ows.

(A) Determining the difference between normal and hearing-
impaired <children in terns of the paraneters of
fundanental frequency and intensity of voice of vowels
lal, [il and /ul. The fundanmental frequency paraneters
studi ed were;

(i) Mean fundanental frequency (FO

(ii) Maxi mum fundamental frequency in phonation (Max FO

(iii) Mnimm fundanental frequency in phonation (Mn FO

(iv) Range of fundanental frequency (Range FO)

(v) Speed of fluctuations in fundanental frequency (Flu/sec)

(vi) Extent of fluctuation in fundanmental frequency (Ext/flu)
The intensity parameters studied were

(i) Mean intensity (Mean AO)

(ii) Maximum intensity (Max AO)

(iii) Mnimumintensity (Mn AO

(iv) Range of intensity (Range AO)

(v) Speed of fluctuations in intensity (Flu/sec)

(vi) Extent of fluctuations in intensity (Ext/flu AO).
Det er mi ni ng the difference between normal s and heari ng

inmpaired children in ternms of paraneters of EGG neasures for
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vowels /al/, /il and /u/. The EGG paraneters studied were as

foll ows;

(1) Qpen Quotient (OQ
(1i) Speed Quotient (SQ
(iii1) Speed Index (Sl)
(iv) "S" Ratio

C. Determning the difference between normal and hearing
inpaired children in terns of frequency and anplitude and
perturbation neasures. The frequency perturbation neasures

studi ed were;

(i) Jitter Ratio (JR
(ii) Drectional Perturbation Factor for frequency (DPF-Freq)

(ti1) Relative Average Perturbation (RAP)

These paraneters were studied for both nmales and fenuales.
The nean, and standard deviation of all the paraneters for
both males and fenmales of both the groups were cal cul ated.
The significance of differences between the nmales and fenal es

were al so determ ned, using the 'EPISTATE software.

The results and discussion of each of the paraneters are

gi ven here.

Fundanent al frequency neasures:

(1) Mean Fundanental Frequency (FO

The neans and the standard deviation of Fundanental

frequency of vowels /a/, /i/, and /u/ for both hearing
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impaired and norrmal nales and fenales and provided in Table-1
and 2 along with significance difference between nales and

femal es for each group.

The normal male indicated a nean Fundanental frequency
of 266.79 Hz, 272.42 Hz and 288.22 Hz for the vowels /a/, /il
and /u/ respectively. The hearing inpaired males showed a
mean Fundanental frequency of 291.73 Hz, 300.06 Hz and 286. 22
Hz for /a/, [i/ and /ul respectively. Thus the hearing
inpaired males showed a higher nean values which is evident

fromthe study of Gaphs 1, 2 and 3.

However, there was no significant difference between

hearing inpaired males and normal nales statistically.

The normal female group indicated a nmean of 289.03 Hz,
287.45 Hz and 298.50 Hz for the vowels /al/, [i/l, and /ul
respectively. The Hearing Inpaired fenmales showed high nean
values i.e., 349, 354.99 Hz and 343.11 Hz for /al/, /i/ and
lul. Thus the Hearing Inpaired fenmales al so showed a higher
value for the vowels /a/, [/i/ and /u/ than the nornal

f emnal es.

The normals showed a range of 266.79 Hz to 290.32 Hz
where as the Hearing Inpaired showed a greater range of

fundanental frequency i.e., 291.23 Hz to 360 Hz.

The Table-2 shows the t-val ues. According to which no
di fferences between nornal mal es and nornal femal es and

normal males and Hearing Inpaired nales were found. But,
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significant difference was seen between normal fenales Vs
Hearing Inpaired females and Hearing Inpaired nmales Vs
Hearing Inpaired females in terns of fundanental frequency of
voi ce. Thus, there was significant difference between Hearing
Inpaired and normals in Fundanental frequency. Therefore the
auxiliary hypothesis (1) Stating that, there is no
significant differences between Hearing Inpaired and Nornal

males and femals in nean fundanental frequency, is rejected.

These results agree with that of reports by several
i nvestigators (AUCGELOCCI, KOOP & HOLBROOK, 1964, BOONE, 1966;
ENGELBERG 1962; MORTONY 1968) who have noted that deaf
speakers do have a relatively higher average pitch or to

speak in falsetto voice.

The difference in Fundanental frequency between vowels
in sone deaf speakers, as found in this study, also been
reported by Angel occi, Kopp and Hol brook(1964). They
attribute this type of abnormal pitch to efforts by deaf
speakers to differentiate vowels by varying FO and anplitude
rather than frequency and anplitude of formant s. "I'n
physiological ternms, he is achieving vowel differentiation by
excessive laryngeal variation with only mninmal articulatory

vari ation".

Thus the study of fundanental frequency in nales and
females in the normal and Hearing |npaired group have showed
the following results-(i) In nmales there was no significant

di fference between the groups.
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(i1) The females showed significant difference between the

two groups.

(iii) The significant difference was observed between Hearing

Inpaired nmales and females in fundanental frequency

(iv) The fundanmental frequency for vowel /a/ was lowest in
conparison wth /i/ & /ul/ which were variable in

different age groups for both nmales and fenales.

Tabel - 1: Shows the nean and standard deviation (SD) of nean
f undanent al frequency of phonation 1in Hearing
Inpaired and normal nmales and females for the

vowels /al/, /il and /u/.

Vowel s / al [il [ ul

G oup Mean SD Mean SD Mean D
N- M 266. 79 17.73 277. 42 18. 14 288. 22 14. 98
H - M 291.73 53. 77 300. 06 63.53 286. 22 61. 05

N- F 289. 03 30. 97 287. 45 28.29 288. 50 36. 64

HI 349. 00 29. 82 354. 99 37.56 343. 11 36. 50

1
T
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Table - 2: Shows the t-value and significant di fference
(S g D) for fundanental frequency of phonation in
Hearing Inpaired normal nmales and females for the

vowels /fal, /il and /u/.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

[ al

t-val ue 2.45 1.02 4. 07 3.73
Sig-D - - + +
[il
t -val ue 1.22 .75 2. 67 1.87
Sig-D - - - -
[ ul
t -val ue .54 7.51 1.52 2.5
Sig-D - - + -

2) Maxi num fundanental frequency (Max FO):

Table-3 and 4 provide the nean and standard deviation of
maxi nrum fundanental frequency for vowels /a/, /i/l, and /ul/
for both males and females and the significance of the
di fference between the two groups.

The normal males showed a nmean of 287.60 Hz, 270.98 Hz
and 303.5 Hz for the vowels /a/, [/i/ and /ul/ respectively.
The Hearing Inpaired males showed a nean of 310.19 Hz,
350.36 Hz and 334.63 Hz. Thus the Hearing Inpaired nales
showed a higher nean value, which is also shown in groups
1, 2 and 3. However there was no significant difference
bet ween nor nal mal es and Hearing inpaired mal es,
statistically in terns of maxinum fundanental frequency in

phonat i on.
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The normal fenmales showed a nean of 303.58Hz 305.5 Hz
and 303Hz for the vowels /a/, /i/ and /u/ respectively. The
Hearing Inpaired fenmales also showed higher nean values of
Maxi mum Fundanental frequency, i.e., 294.23 Hz, 428.74 Hz,
384.73 Hz. Thus the Hearing Inpaired females also showed
hi gher values for the vowels /a/, /i/ and /u/, which were
statistically significant. Normals showed a range of
287.60 Hz to 305.43 Hz but the Hearing Inpaired showed a
hi gher range i.e., 294.23 Hz to 390.34 Hz. Thus auxiliary
hypothesis to i.e. there is no significant difference
between normal and Hearing Inpaired males and fenmales for

maxi num fundanental frequency has been rejected.

Table-4 shows that there was no significant difference
for normal nmales Vs Normal females and Nornmal rmales Vs
Hearing Inpaired nales. But significant difference was seen
between Normal females Vs Hearing Inpaired fenmales and
Hearing Inpaired nmales Vs Hearing Inpaired fenales. Thus,
there is significant difference between Hearing Inpaired and
normals in maxi num fundanental frequency only between the
femal e groups. Thus auxiliary hypothesis to i.e. there is
no significant difference between normal and Hearing | npaired
males and females for maxi num fundanental frequency has been

rej ect ed.

There was a significant difference between the two
groups of females at 0.5 level for /a/, /i/ and /u/. Thus the

hypot hesis stating that there is no significant difference



93

between females of the two groups is rejected. Thus, maxi num
f undanent al frequency in females showed a significant

di fference between the two groups.

Unlike the normal population the Hearing |npaired
subj ects showed higher maxi num fundanental frequency. Thi s

nmay be due to inproper control of the phonatory systens.

Based on the results of Maximum fundamental frequency in
males and fenales of both the groups the follow ng

concl usions were drawn

(i) There was a significant difference between the two groups

of females and not between the males of the two groups

(ii) Significant difference was observed between Hearing
Inpaired nmales and Hearing Inpaired fermales for the

vowel [ al

(ii1) Anmong the 3 vowels, t he mean of the rmaximum
fundanental frequency of /i/ was the highest followed
by /u/ sound /a/. The results of this study is simlar
to results of study by Rashm (1985) who reported that
maxi rum fundanental frequency was greatest for [i/
followed by /u/ and /a/ in normal subjects. This may
be due to the fact that the vowel /a/ was produced at a
frequency to the natural or optinmm frequency of the
subject than vowels /i/ and /u/ which were produced at
a nore higher frequency. Thus the results indicate

that the Hearing Inpaired individuals were not using
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t he respiratory and/ or phonat ory mechani sns

efficiently.

Table 3: Shows the nean and standard deviation (SD) of
maxi mum fundanental frequency of phonation in
Hearing Inpaired and normal nales and females for
the vowels /a/, /il and /ul.

Vowel s / al [l [ ul

G oup Mean D Mean D Mean D

N- M 287. 60 23.21 270. 98 20. 66 303. 53 46. 74

H - M 310. 19 56. 85 350. 36 94. 36 334. 63 86. 52

N- F 303. 58 31.05 305.51 33. 44 303 47. 36

H - F 294. 23 46. 18 428. 74 48. 54 384. 73 42. 38

Tabl e-4: Shows the t-value and significant difference (Sig D
for maxi rum fundamental frequency of phonation
Hearing Inpaired and norrmal nale and fermales for the
vowels /al, /i/ and /ul.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F
lal

t-val ue 1.23 1.29 3.97 5.02

Sig-D — — + +

t/-i\/{'sll ue 2.62 1.89 2.94 1.71

Sig-D — — + _

lul
t -val ue 1.85 1.19 58. 99 2.50

Sig-D
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3) M ni mum Fundanental Frequency (Mn FO): The m ninmum FO in
phonation is defined as the mninmum frequency in the

steady portion of phonation.

Tables - 5 provides the nean and standard deviation of
m ni num fundanental frequency for vowels /a/, /i/ and /u/ for
both nales and females of normal and Hearing I|npaired

groups respectively.

Table 5: Shows the nean and standard deviation (SD) for
m ni rum  fundanmental frequency of phonation in
Hearing Inpaired and normal nmales and fenmales for

the vowels /a/, /i/ and /u/.

Vowel s / al [il /u/

G oup Mean D Mean D Mean D
N- M 249. 63 28. 42 252. 99 13. 45 184. 96 93. 86
H - M 250. 51 21.78 253. 57 73. 45 198. 53 73.42

N- F 264. 36 31. 30 251.79 36. 35 245. 44 27.16

HI 255.79 83. 20 245. 99 100. 23 289.52 64. 28

1
T
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Table 6: Shows the t-value and significant difference for
m ni mum fundanental frequency of phonation in
Hearing Inpaired and normal nmales and fenales for

the vowels /a/,/il/ and /u/l.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

[ al

t -val ue 0. 89 0.90 0.79 0.64
Sig-D - - -

[il
t -val ue 4.85 0.23 0.93 0. 40
Sig-D - - - -

[ ul
t -val ue 0. 89 0. 60 1.03 2.62
Sig-D - - - +

Normal mal es showed a nean m ni mum fundanental frequency
of 249.63 Hz; 252.99 Hz and 184.96 Hz for the vowels /al, /il
and /u/ respectively. The Hearing Inpaired males showed a
mean of 250.51 Hz and 253.57 Hz and i98.53 Hz. Thus the
Hearing Inpaired showed, as depicted in graphs 1, 2 and 3
showed, lower mnimum fundamental frequency. However,
statistically there was no significant difference between
normal nales and Hearing Inpaired males for all the three

vowels in ternms of mninum fundanental frequency.

The normal fenmales showed a nean of 264.36 Hz; 251.79 Hz
and 245.44 Hz for the vowels /al/, /i/ and /ul respectively.
The Hearing Inpaired females showed neans of 255.79 Hz;
245.99 Hz and 289.52 Hz. Thus the Hearing Inpaired fenales
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showed nean values which were simlar to nornmals. Furt her

this observation was substantiated by the statistical
analysis, i.e., there was no significant difference between
the two groups of females for /a/, /i/. Only a significant
difference was seen for /u/ at 0.05 level in terns of nean

m ni nrum fundanental frequency in phonation in femnales.

The study of Table 5 shows higher nean values for
Hearing Inpaired fenale group. Further, the statistica
anal ysis showed that there was significant difference between

the normal females and Hearing Inpaired fenales.

Thus the auxiallary hypothesis stating that there is a
significant difference between normal and Hearing |[npaired
males and females for mninmum fundanental frequency was

rej cted.

Further a conparision of normal males and fenales showed
statistically there was no significant difference whereas the
males and females of the hearing inpaired group showed
significant difference for vowel /u/ only. Thus the
hypot hesis stating that there is no significant difference in
terns of mninmum fundanmental frequency between nales and

femal es of both groups is accepted.
4) Range of fundamental frequency in phonation (Range FO):

The fundamental frequency range of the phonation is
defined as the difference between nmaxinmum and m ninum

fundanental frequency in phonation.
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Table 7: Shows the nean and standard deviation (SD) for range
of fundanental frequency of phonation in Hearing
Inpaired and normal males and females for the
vowels /al, /i/ and /u/.
Vowel s lal lil lul
G oup Mean SD Mean D Mean SD
N- M 37.98 37.37 34. 34 16. 68 71. 46 54. 68
H - M 163. 44 31. 39 123. 71 146. 24 96. 19 144. 52
N- F 39.21 35.24 53.77 50. 55 31.14 22.23
H - F 54. 26 96. 49 115. 65 101. 62 156.72 78.79
Table 8 Shows the t-value and significant difference for
range of fundanental frequency for phonation in
Hearing Inpaired and normal nmales and females for
the vowels /a/, /i/ and /u/.
NMVs NF NMVs H-M NF Vs H-F H-MVs H-F
/ al
t-val ue 0.04 1.51 2.71 2.90
Sig-D - - + -
lil
t -val ue 0.59 2.10 1.30 0. 14
Sig-D - - - -
[ ul
t -val ue 0.94 1.58 1.98 0. 96
Sig-D - - - +

Tables 7 & 8 show the nean and standard devi ation for

range of fundanent al

frequency for phonation in Hearing
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Inpaired and normal males and fermales for the vowels /al,
/il, and /u/ and the significance of the difference between

t he groups.

Normal males showed a mean range of 37.98 Hz; 34.34 Hz
and 71.46 Hz for the vowels /a/, /il and /u/. The Heari ng
Inpaired males showed a nean range of 163.44 Hz; 123.71 Hz
and 96.19 Hz with greater nmeans of frequency range for the
vowels /a/, /il and /u/ than normal nmales as shown in G aphs

1,2 and 3

Further there was statistically significant difference
between the Hearing Inpaired and nornmal males for all the
three vowels in frequency range. Normal fenal es and Heari ng
Inpaired females also showed statistically significant

difference for all the three vowels (Table - 8).

The study of Table 8 shows that the nornmal nales and
females there was no significant difference for the three
vowels in ternms of frequency range. The females and the
mal es  of the Hearing Inpaired group also showed no
significant difference for the vowels /a/ and /i/ only

internms of frequency range.

Thus the hypothesis stating that there is no significant
difference between nmales and fenmales of the normal group in
terns of frequency range in phonation is accepted. Simlarly

the hypothesis stating that there is no significant
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difference between the nmales and females of the hearing

inpaired group is also accepted.

The review of Iliterature on frequency range showed no
studies wth reference to the Hearing |npaired popul ation.
However, when conpared wth studies on normal population
(Rashm 1985), the Hearing |npaired popul ation showed a |arge
difference due to wide variations in the frequency range in
each individuals production. This may be because of two
reasons, one, even in the stable production of vowels due to
| ar ge intensity variations in phonati on, there are
simul taneous variations in the pitch. Secondly, the presence
of frequent pitch breaks, soneti nes, t owar ds | owner
frequency and sonetinmes higher, resulted in a wder frequency
range. Thus, showing the inabiliy of Hearing Inpaired
individuals to produce the vowels wth steady pitch and

intensity |ike nornmals.

This also shows that there is lack of |aryngeal control
in this population, which persists due to lack of auditory
feed-back, and thus results in inappropriate variation in

speech and rendering it unintelligible.

Hence focus on stabilizing the appropriate pitch as a

part of therapy would be essential.

Thus the hypothesis stating that there is no significant

di fference between the normals and Hearing Inpaired in terns
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of frequency range, wth reference to both males and femnal es
is rejected.
5) The Speed of Fl uct uati ons in Fundanental Frequency
(Flu/sec):
The speed of fluctuations in fundanmental frequency is
defined as the nunber of fluctuations in fundanental

frequency in phonation for one second.

Table 9: Shows the nean and standard deviation of speed of
fluctuations in Hearing Inpaired and normal nales

and fenales for the vowls /a/, i/ and /u/.

Vowel s / al [l [ ul

G oup Mean D) Mean D Mean SD
N- M 11. 89 5. 87 10. 34 3.95 8.15 3.41
H - M 17.11 6. 02 17. 41 7.89 21.98 11.53
N- F 10. 54 5. 68 9.54 4.21 9.69 3.52
H - F 23. 84 12. 62 29. 69 7.24 20. 31 11. 49
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Table 10: Shows the t-value and significant difference for
the speed of fluctuations in Rearing |npaired
normal nmales and fermales for the vowels /a/, /il

and /u/ .

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

[ al

t -val ue 0.29 3. 06 2. 77 1.15

Sig-D - + + -
il

t -val ue 0.33 2.88 4. 49 2.90

Sig-D — + + +
[ ul

t -val ue 0. 83 1. 86 1.65 0.29

Sig-D - - + -

Table 9 shows the nean and standard deviation for the
speed of fluctuations in fundanental frequency for phonation
in Hearing Inpaired and normal nmales and females for the

vowels /a/, i/ and /u/

The normal males showed a nean fluctuation of 11.89 Hz:
10.34 Hz and 8.15 Hz for the vowels /a/, i/ and /u/ and Tabl e
10 shows the results of statistical conparision of different

groups for significance of difference.

The normal males showed a mean fluctuation of 11.89 Hz;
10.34 Hz and 8.15 Hz for vowels /a/, /i/ and /u/, whereas,

the Hearing Inpaired nmal es showed a nean of 17.11 Hz; 17.41
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Hz and 21.98 Hz. Statistically, there was a significant
difference between normal nales and Hearing Inpaired nales
for the vowels /a/, /u/ and /i/. This difference is also

shown by the Gaphs 1, 2 and 3

The normal fenales showed a nmean of 10.54 Hz; 9.54 Hz
and 9.69 Hz. The Hearing Inpaired femal es showed higher nean
values for the speed of fluctuation per sec. The nean val ues
for females of Hearing Inpaired group were 23.84 Hz, 29.69 Hz
and 20.31 Hz. The study of Table 10 shows that as per the
statistical analysis there was significant difference between

normal females and Hearing Inpaired fenmales.

Thus the auxiallary hypothesis 5 stating that there is
no significant difference between nornal and Hearing
Inpaired males and fermales for the speed of fluctuation in

frequency has been rejected.

Further a statistical analysis for significance of
difference between nmales and females of normal group as well
as the hearing inpaired group showed that there was no
significant difference between the tw in terns of speed of
fluctuations in phonation. Thus the hypothesis stating that
there is no significant difference between nales and fenal es

of normal and al so hearing inpaired groups has been accepted.

The review of literature shows no study on the speed of
fluctuations in the hearing inpaired population. Hence the

present study cannot be conpared with others. The results of
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this part of the study thus further confirns the inability of
the hearing inpaired to control the |aryngeal system during

phonati on and speech.

6) Extent of fluctuations in f undanent al frequency
(Ext/flu):
The extent of fluctuations in fundamental frequency is
defined as variations +/-3Hz and beyond in fundanental

frequency in a given phonation

Table - 11: Shows the nean and standard deviation for extent
of fluctuations in frequency in hearing inpaired

and nornal males and fenmles for the vowels [a/,

il and /u/.
Vowel s /al I lu/
G oup Mean SD Mean SD Mean SD
N- M 7.06 2.19 5. 66 0.39 7.07 5.15
H - M 37.95 1.60 48. 47 1.44 10. 91 20. 89
N- F 11. 89 3.12 5.83 4. 20 11. 98 15. 02
H - F 25. 24 21. 84 48 31. 38 22. 96 12. 37
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Table - 12: Shows the t-values and significant difference for
the extent of fluctuations in frequency in
hearing inpaired and normal nales and fenales for

the vowels /a/, /i/ and /ul.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

[ al

t -val ue 3.22 1.03 3.27 3.51

Sig-D - + + +
[l

t-val ue 5.90 1.77 3.10 0.80

Sig-D + + + -
[ ul

t -val ue 0.94 0.29 2.31 1.09

Sig-D - - + -

Tables 11 & 12 provide the nean and standard deviation
for the extent of fluctuations in Fundanental frequency for
phonation in hearing inpaired and nornmal nmales and fenal es
for the vowls /a/, /i/ and /u/ and the significance of the

di fference between the groups respectively.

The normal nales showed a nmean extent of fluctuations of
7.06 Hz; 5.66 Hz & 7.07 Hz for the vowels /a/, /i/ and /ul.
The Hearing Inpaired nmales showed a nean of 37.95 Hz; 48.47
Hz & 10.91 Hz. Thus, the Hearing Inpaired nales showed
hi gher nean values than the normal group as seen in Gaphs 1,

2 and 3.
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This was further supported by the statistical analysis
that is the normal males showed extent of fluctuations in
fundamental frequency in phonation which was significantly

lower than that of Hearing Inpaired nales.

The normal fenmales showed a nmean of 11.89 Hz; 5.83 Hz
and 11.98 Hz for vowels /a/, [/i/ and /ul/ respectively. The
Hearing Inpaired females showed higher nean values that is
25.24 Hz;48 Hz and 22.96 Hz for [al, [i/ and [uf
respectively. Thus, the normal fenales showed |ower extent
of fluctuations in fundanental frequency when conpared to
heari ng i npaired. This is also evident fromthe Gaphs 1, 2
and 3. Statistical analysis also showed that the difference
was significant i.e., the Hearing Inpaired fenales had
significantly higher extent of fluctuations than the nornal

f emal es.

The study of table 12 shows that there is significant
di fference between normal nales Vs Hearing Inpaired males for
the vowels /a/ and /i/ respectively. Further, the statistical
analysis shows that there is significant difference between
the normal females and the Hearing Inpaired fenales. Thi s
can be attributed to the fact that the Hearing Inpaired |ack
the laryngeal control thus, leading to inapproiate variations

in phonati on.

The study of Table 12 shows that the normal males and
females there was no significant difference for the three

vowels in terns of extent of fluctuations in fundanental
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Graph-1: Shows the mean Fundamental Frequency measures for
normals (N) and hearing-impaired (HI) subjects for
the vowel /a/.
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Graph-2: Shows the mean Fundamental Frequency measures for
nermals (N) and hearing-impaired (HI) subjects for
the vowel /i/.
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frequency except for vowel /i/. The females and the mal es of
the Hearing Inpaired group also showed no significant
difference except for for the vowel /a/ interns of extent of

fluctuations in fundanental frequency

Thus the hypothesis stating that there is no significant
difference between males and females of the normal group in
terns of extent of fluctuations in fundanental frequency
in phonation is accepted. Simlarly the hypothesis stating
that there is no significant difference between the nmal es and
females of the hearing inpaired group in terns of extent of

fluctuations in fundanmental freuency is also accepted.

I ntensity Measures

(1) Mean Intensity in Phonation (Mean Ao)

Mean intensity level is defined as the nean anplitude of

the steady portion of the phonati on.
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Tabl e 13: Shows the nean and standard deviation (SD) of nean
intensity for phonation in hearing inpaired and
normal nmales and females for the vowels /al, /il
and /u/.

Vowel s lal [il [ ul

G oup Mean D Mean D Mean D

N- M 46. 66 8.71 52.53 7.24 53. 39 18. 83

H - M 45. 81 7.28 36. 87 7. 06 45. 75 7.89

N- F 44. 46 4.35 49. 58 10. 05 44. 62 4.17

H - F 42.18 9. 86 45. 53 16. 42 44,11 6. 86

Tabl e 14: Shows the t-values and significant differences for

nmean intensity of the phonation in hearing inpaired
and normal males and fenmales for the vowel [a/,

11/ and [ul.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

[ al
t-val ue 0.53 0.76 0.55 0. 56
Sig-D - - - -
il
t_Va| ue O 52 1 52 2 75 1 30
Sig-D - - + +
[ ul
t -val ue 0. 88 1. 66 3.83 0.78
- - + -

Sig-D
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Tables 13 and 14 indicate the nmean and standard
deviation of the nean intensity in phonation of vowels /al,
/i/ and /u/ and significance of the difference between the

nmeans of each group respectively.

The normal males showed a nean intensity of 46.66 dB,
52.53 dB and 53.39 dB respectively for vowels /a/, /i/ and
/ul, where as the hearing inpaired males showed a nean of

45.81 dB; 36.87 dB and 45.75 dB.

The normal fenales showed a nean intensity of 44.46dB ;
49. 58dB and 44.62dB for the vowels /a/, /i/ and /u/, where as
the hearing inpaired fenmales showed a nean intensity of

42.18dB , 45.53dB and 44.11dB as shown in Gaphs 4, 5 and 6.

There was no significant difference between hearing
inpaired and normal nmales for the vowels /a/, /i/ and /u/.
There was no significant difference for /i/ and /u/ but /al
did show significant difference in case of fenales of nornal
and hearing inpaired groups. Thus accepting the hypothesis
(i) that "there is no significant difference between nmales
of normal and hearing inpaired and fenales of the normal and
hearing inpaired groups wth reference to nean intensity
level in phonation". This nay be due to control introduced

while recording to avoid distortion of the signal recorded.

Further a statistical analysis for significance of
difference between males and females of normal group showed

that there was no significant difference between the
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two in terns of the mninmumintensity in phonation. Simlarly
in the hearing inpaired group the conparision between the
males and fenmales showed that there was no significant
difference between the two in terns of the nean intensity in
phonation except for vowel /i/. Thus the hypothesis stating
that there is no significant difference between nales and
females of normal and also hearing inpaired groups in terns

of the nmean intensity in phonation has been accepted.

(2) Maximum Intensity in Phonation

It is defined as the maxinmum intensity neasured in the

study portion of phonation.

Tabl e 15: Shows the nean and standard deviation of maxi rum
intensity for phonation in Hearing Inpaired and

Normal males and fenmles for the vowels /a/, /il

and /u/.
Vowel s [ al lil [ul
G oup M D M D M D
NM 54. 29 5.60 55. 45 5.95 49. 41 17. 47
H-M 49, 96 6. 66 51.81 5.50 53.08 5.54
N F 51. 69 5.04 53. 96 6. 49 54. 82 5.82

H-F 45. 82 7.12 32.43 3.91 51. 82 6. 92
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Tabl e 16: Shows the T-values and significant difference for
maxi mum intensity for phonation in Hearing I|npaired
and Normal males and fermales for the vowels /a/,

i/ and [ul.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

/al

t -val ue 0.91 0.01 0. 27 0.55
Sig-D — — —
lil

t -val ue 0. 33 0.98 3.94 3.94
Sig-D — — + +

[ ul
t -val ue 0.72 0.51 13.31 13. 30
Sig-D — — + +

Tables 15 & 16 shows the nean and standard deviation of
maxi mum intensity for phonation in hearing inpaired and
normal nmales and fenmales for the vowels /a/, /i/ and /u/ and
the significance of the difference between the neans of each

gr oup.

The normal nmales showed the nean maxi num intensity of
val ues of 54.29dB ; 55.45dB and 49.41dB for the vowels /a/,
/il and /ul. Wiere as the hearing inpaired nales showed a

mean of 49.96dB , 51.81dB & 53. 08dB.

The normal fenales showed a maxi mum intensity of 51.69dB;
53.96dB and 54.82dB for the vowels /a/, /il & /ul, where as
the hearing inpaired females showed the maximum intensity of

45.82dB , 32.43dB & 51.92dB as shown in Gaphs 4, 5 &6
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There was no significant difference between hearing
impaired males and norrmal nales for the vowels /a/, /il &
/ul. However there was significant difference between
hearing inpaired fermales and nornmal females for the vowels

lal, il & /ul for maximumintensity.

However, there were individual variations as conpared
with nornals. probably indicating the lack of control in
nmonitoring the intensity of phonation. The hearing inpaired

had mean intensity which ranged from 30.96dB to 51.39dB.

Further a statistical analysis for significance of
di fference between males and fenmales of normal group as well
as the hearing inpaired group showed that there was no
significant difference between the two in ternms of the
maxi mum intensity in phonation. Thus the hypothesis stating
that there is no significant difference between nales and
females of nornmal and also hearing inpaired groups in terns

of the maximum intensity in phonation has been accepted.
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3). Mnimumintensity: It is defined as the mnimnumintensity

of the steady portion of phonation.

Table 17: Shows the nmean and standard deviation (SD) for
m nimum intensity for phonation in Hearing Inpaired

and normal males and fenmmles for the vowels /al,

[i/ and /ul.
Vowel [ al [il [ ul

M D M SD M D
N-M 32.35 14. 83 43. 16 9.20 46. 83 10.94
H-M 33.35 15. 32 31.55 8. 44 35. 49 9.52
N F 31.10 9.72 34. 17 16. 56 41. 40 13. 84
H-F 28. 18 9.72 44.87 7.32 33. 43 12. 84

Table 18: Shows the t-value and significant difference for
mnimum intensity for phonation in Hearing I npaired
and normal males and fermales for the vowels /al/,

i/ and /ul.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

[ al

t -val ue 0.13 0.56 0. 39 1.17
Sig-D — — — —
il

t -val ue 1.15 0.98 0. 27 1.01
Sig-D — — — —
[ ul

t -val ue 0.53 1.67 0.91 0. 50

Sig-D — — — —
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Tables 17 & 18 show the nean and standard devi ation for
mnimum intensity for phonation in Hearing Inpaired and
normal groups, both nales and fenales for the vowels /a/, /il
and the results of statistical analysis regarding /u/ and
significance of the difference between the neans of different

groups, respectively.

Normal males showed a mninmum intensity of 32.35 dB;
43.16dB and 46.83 dB for the vowels /a/, /i/ and /u/. \ere
as the Hearing Inpaired males showed a nean of 31.55 dB;

33.35 dB and 35.49 dB for /al/, /il and /ul respectively.

Mean mnimum intensities of 31.10 dB; 34.17 dB and 41. 40
dB were seen in the phonateion of normal females. \Were as
the Hearing Inpaired females showed a nmean mninmum
intensities of 28.18 dB; 44.87 dB and 33.43 dB for /a/, /il
and /u/. Gaphs 4, 5 and 6 depict these results.

No studies were available to the present investigator
regarding the mninum intensity for the Hearing Inpaired

popul ati ons.

The study of the Table 18 shows that there is no
significant difference between the nornmal males and Hearing
Inpaired males. Further the statistical analysis showed that
there was no significant difference between the norma

females and Hearing Inpaired fenales.
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Thus the axillary hypothesis stating that there is no
significant difference between normal and Hearing |npaired
and males with reference to the mninum intensity has been
accept ed. Further the hypothesis stating that there is no
signinficant difference in ternms mninum intensity between
females of normal and hearing inpaired groups has been

accepted, as shown by the Tabl e-18.

A statistical conparision of females and nales of the
normal group interms of mnimumintensity shows that there is
no significant difference between the two. Simlarly the
females and nmales of the Hearing inpaired group also showed

no significant difference between the two.

Thus the hypothesis stating that there is no significant
difference, in terns of mninum intensity, between the
females and males of both the normal as well as hearing

i mpai red groups was accepted.

4) . Range of Intensity in phonation (Range A,) :

This has been defined as the difference between maxi mum

and mninmum intensity in phonation.
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Tabl e 19: Shows the nean and standard deviation (SD) for
range of intensity for phonation in Hearing
Impaired and normal nmales and fenmales for the

vowels /al/, /il and /u/.

Vowel [ al [il [ul

G oup M D M SD M D

NM 20. 62 14. 83 20.79 9.20 13. 78 10. 94

H-M 17. 53 11. 36 18. 53 10. 99 18. 00 6. 64
N F 21.24 9.71 8. 63 16. 56 9.57 13. 84
H-F 23. 87 2.81 18.78 4.34 19. 65 15. 00

Tabl e 20: Shows the t-value and significant difference for
range of intensity for phonation in Heari ng
Inpaired and normal nales and females for the

vowels /al/, /il and /u/.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

[ al

t-val ue 0. 87 0.32 5.07 1.23
Sig-D — — + —_

il

Sig-D — — + —_

[ ul

t-val ue 0. 47 0. 99 3.34 0.24

Sig-D — — + —_
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Table 19 shows the nean and standard deviation for
range of intensity for phonation in Hearing Inpaired and
normal, (both nmales and females) for the vowels /a/, /i/ and

[ul.

The normal mal es showed a nean range of 20.62dB; 20.79dB
13. 78dB where as, the Hearing Inpaired males showed a nean of
17.53dB; 18.53dB and 18.00dB for /a/,/i/and/u/respectively.
The range varied from a mninmum of 31.10dB to a maxi num of

51.69dB in mal es of hearing inpaired group.

Mean ranges of 21.24dB; 16.56dB; 13.84dB and 23.87dB
18. 78dB; 19.65dB were presented by the fenmales of normals and
Hearing inpaired repectively. These results are shown in the

G aphs 4, 5 & 6 al so.

Further a study of Table-20 showed that there was
significant difference for only between normal fenales and

females of Hearing Inpaired for the vowels /a/, /i/ and /ul.

However the individual variations were wder (4-24 dB)
in Hearing Inpaired group as conpared with normals,indicating
the lack of control in nonitoring the intensity of phonation.
This factor i.e., nonitoring intensity during phonation and
thus in speech, nust also be considered during therapy with

Hearing I npaired individuals.

The study of Table-20 shows that there 1is no
significant difference between nornmal nmales and fenales in

terms of intensity range. A conmparision of males and fenales
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of Hearing Inpaired group showed that there was no
significant difference between tw for three vowels /a/, /il
and /u/ in terns of intensity range. Thus the hypot hesi s
stating that there is no significant difference between the
males and females of normal as well as hearing inpaired

groups was accepted.

5). Speed of fluctuation (Flu/sec):

The speed of fluctuation in intensity was defined as the
nunber of fluctuations in intensity in phonation of per

second.

Tabl e 21: Shows the nean and standard standard devi ation (SD)
for the speed of fluctuation in intensity for
phonation in Hearing |Inpaired normal mal es and

females for the vowels /a/, /il and /u/.

Vowel [ al [il [ ul

G oup M D M D M D
N M 20. 62 3. 63 20.79 4. 63 13.78 3.01
H-M 17. 83 5. 49 18. 83 4. 86 18. 00 6. 77
N F 21. 24 5.93 16. 56 2.44 13. 84 2.02

H-F 23. 87 5.82 18.78 0.93 19. 65 6. 33
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Tabl e 22: Shows the t-values and significant difference for
the speed of fluctuations in Intensity for
phonation in Hearing Inpaired and normal males and

fenales for the vowels /a/, /i/ and /u/.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

[ al

t -val ue 0.55 1.02 0.83 0.72
Sig-D - - - -
il

Sig-D — — + —
[ ul

t -val ue 0.12 1.96 11. 13 0. 82
Sig-D — — + —

Tables 21 & 22 indicate the nean and standard deviation
for the speed of fluctuation in intensity for phonation in
Hearing Inpaired and normal nmales and fenales for the vowels
lal, il and /u/ and the significance of the differences

between the groups respectively.

The normal nales showed nean fluctuations of 20.62dB;
20.79dB and 13.7dB and the Hearing Inpaired nales showed nean
of 17.83dB; 18.83dB and 18dB respectively. There was no
statistically significant difference between these two
groups. Gaphs 4, 5 and 6 also depict the difference between

groups.

Nor mal and Hearing Inpaired fenales showed nean

fluctuations of 21.24 dB, 16.56dB and 13.84 dB and the
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Hearing Inpaired fenmales showed nean values of 23.87dB,
18. 78dB and 19.65dB respectively for /a/, /il and /u/. Thus
the Hearing Inpaired fenales showed higher fluctuation for
the vowels /a/, /i/ and /u/ than normal females. There was
significant difference between Hearing Inpaired ferales and

normal fenales except for /al.

Thus the hypothesis stating that there is no significant
difference between nornmal nmales and nmales of the hearing
inmpaired group for the speed of fluctuaions in intensity has
been accept ed. Further the hypothesis stating that there is
no significant difference between the fenmales of the hearing
inpaired group and the normal group in terns of speed of

fluctuaions in intensity has been rejected.

The femals and nmales of normal group did not show
statistically significant difference as depicted in Tabl e-22.
Further the study of Table-22 also shows that there is no
significant difference between the nmales and females of the

hearing inpaired population in terns of speed of fluctuations

Thus the hypothesis stating that there is no significant
difference between normal nales and fenmales for the speed of
fluctuaions in intensity has been accepted. Further the
hypothesis stating that there is no significant difference
between the males and fenales of the hearing inpaired group
in terms of speed of fluctuaions in intensity has been

accept ed.
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6). Extent of fluctuation in intensity (Ext flu):

Table 23: Shows the nean and standard deviation for the
extent of fluctuation in intensity of a phonation
in Hearing Inpaired and nornmal nmales and femal es

for the vowels /a/, /i/ and /u/.

Vowel / al lil /ul

G oup M D M D) M D
NM 3.72 2.74 1.91 1.83 2.76 1.86
H-M 3. 40 0.55 3.70 0.18 3.94 1.09
N F 3. 46 1.40 3. 58 2.44 2.34 1.84
H-F 3.94 0. 62 3. 56 0. 29 3.50 0.81

Table 24: Shows the t-values and significant difference for
the extent of fluctuation in intensity for
phonation in Hearing Inpaired and normal nales and

females for the vowels /a/, /il and /u/l.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

[ al

t -val ue 0.21 0.29 2.75 0. 83
Sig-D — — + —
[il

t -val ue 1.24 2.18 16. 97 0. 96
Sig-D — — + —
[ ul

t -val ue 3.00 2.12 1.21 0.72

Sig-D — — — —
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Tables 23 and 24 provide the nmean and standard devi ation
for the extent of fluctuation in intensity for phonation in
Hearing Inpaired and normal nales and fenales for the vowels
lal, /il and /u/ and the significant of the difference
between the groups respectively. Further the neans are

dipicted in Gaphs 4, 5 and 6 respectivly.

Normal males showed a nean extent of fluctuation of
3.72dB; 1.99dB and 2.76dB for the vowels /a/, /il and /ul.
The Hearing Inpaired males showed a nean of 3.40dB; 3.70dB
and 3.94dB for the vowels /a/, /i/ and /ul respectively.
Statistically, there was no significant difference between
males of the two groups. The extent of fluctuation in
intensity were relatively | ess t han fluctuation in

fundanment al frequency.

The normal females showed a nean of 3.46dB; 3.58dB and
2.34dB for the vowels /a/, /il and /u/, whereas the Hearing
| npai red showed mnmean of 3.94dB; 3.56d8 and 3.50dB for /al,
/1] and /ul respectively. There was significance difference
for the vowels /a/, /i/ and no significant difference for /u/

between the fenales of the two groups.

Thus the hypotheis stating that there is no significant

difference between the normal and Hearing Inpaired males

for the extent of fluctution in intensity has been accepted.
However,the hypothesis stating that there is no significant

di fference between normal femal es and hearing inpaired
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females for the extent of fluctuaions in intensity has been

rej ected except for /u/.

The study of Table-24 femals and males of normal group
did not show statistically significant difference in terns of

extent of fluctuations in intensity.

Further it also shows that there is no significant
difference between the nmales and fenmales of the hearing
inpaired population in terns of extent of fluctuations in

intensity.

Thus the hypothesis stating that there is no significant
di fference between normal males and females for the extent of
fluctuaions in intensity has been accepted. Further the
hypothesis stating that there is no significant difference
between the nmales and fermales of the hearing inpaired group
in terns of extent of fluctuaions in intensity has also been

accept ed.

Thus, the hypothesis (1) has been rejected i.e., there
is no significant difference between normals and Hearing
Inpaired nmales and females in the fundanental frequency and

intensity neasures of vowels /a/, /il and /u/.
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Graph-4 Shows the mean Intensity Measures for normals (N)

and hearing-impaired (HI) subjects for the vowel /a/.
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Graph-5 Shows the mean Intensity Measures for normals {N}/
and hearing-impaired (HI) subjects for the vowel /i/.
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EGG MEASURES:

1) Open Quotient (OQ : Open Quotient is the ratio between

the open phase to the total vibratory cycle.

Open Phase

Tabl e 25: Shows the nean and standard deviation for open

quotient in Hearing Inpaired and Normal nales and

females for the vowels /a/, /i/ and /u/l.

Vowel s [ al lil [ ul

G oup M D M D M D
N-M 0.58 0. 46 0. 66 0. 47 0.74 0.65
H -M 0. 40 0.10 0. 36 0. 66 0.61 0.82
N F 0, 68 0.94 0.69 0.51 0. 68 0.49

H-F 0.37 0.10 0. 36 0.75 0. 52 0.43
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Table 26: Shows the T-values and significant difference for
the open quotient in Hearing Inpaired and Nor nal

mal es and fenmales for the vowels /a/, /i/ and /u/.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

[ al

t-val ue 0. 32 3.92 2. 86 0. 47
Sig-D — — + —

[il

Sig-D — — + —

/ul

t-val ue 1.04 0. 27 0.28 0. 23
Sig-D _ _ _ _

Qpen Quotient in normal males showed a nean of .58; .66
and .74 for the vowels /a/, /i/ and /u/ wth a standard
deviation of 0.46: 0.47 and O0.65. The hearing inpaired
showed a nean of .40; 0.36 and 0.61 with a standard devi ation
of 0.10, 0.66 and 0.82 for the vowels /a/, /i/ and /u/ as
shown in Table25 and G aphs 7, 8 and 9.

The statistical analysis showed significant differences
for between the normals nmales and hearing inpaired males for

the vowel /a/ only.

In normal female subjects, the 00 for the vowels /al,
/il and /u/ showed a nmean of 0.68; 0.94 and 0.68 respectively
with a standard deviation of 0.94; 0.51 and 0.49. The hearing
impaired females showed a nmean OQ of .37; .36 and .52 as

shown in Tables 25 G aphs 7, 8 and 9 respectively.
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There was significant differences between the Hearing
Inpaired females and normal females for the vowels /a/ and

/1] only and not for /u/.

In general it can be said that the OQ in hearing
inmpaired was lower than in normal subjects in both nmales and
f emal es. This inplies that in the hearing inpaired the
duration of the vibratory cycle for which the glottis is open

was less than in normals.

It was obsurved that there was no significant difference
bet ween normal males and females. Further the
statistical analysis showed that there was no significant
difference between Hearing Inpaired nmales and Hearing

| npai red femal es.

Thus the Auxiliary Hypothesis stating the there is no
significant difference between nales and fenales of nornal
and Hearing Inpaired groups in terns of open quotient has

been accept ed.

Tincke et al., (1950) stated that, "a small OQ descri bes
a condition in which strong, short glottal pulses excite the
vocal tract to resonate high harnonics; the sharper the puff,
the richer the glottal wave in the high frequency conponents
of hi gh har noni cs characterize acoustically power f ul
efficient vocal t ones. The presence of the nunber of
harnonics need to be studied in the light of the above report

and findings of the present study.
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Speed index (SI):

Speed index is obtained by

Table 27: Shows the nean & standard deviation (SD) for the
speed index in the hearing inpaired & nornmal nales

& females for the vowels /a/, /il & /ul.

Vowel s [ al lil [ ul

G oups M D M D M D
N M 0. 46 0.14 0. 36 0. 80 0. 38 0.57
H -M 0. 38 0.23 0. 43 0.94 0.49 0.82
N F 0.48 0.81 0.35 1.59 0. 49 0.92

H -F 0. 37 0. 07 0.83 0.71 0.51 0.04
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Table 28: Shows the t-value and significant difference for
.the speed index in the hearing inpaired & nornal

mal es & females for the vowels /a/, /i/ and /u/.

NMVs NF NMVs H-M NMVs H-F H-MVs H-F

[ al

T-Value .66 . 86 .97 .41

Si g- D— — — —
il

Si g- D— _ — —
[ ul

T- Val ue 1.24 .61 1.30 .75

Sig-D— — — —

Normal males showed a nean of .46; .36 and .38 for the
vowels /a/, /[i/ and /u/ respectively. The hearing inpaired
mal es showed a nean of 0.38; 0.43 and 0.82, as shown in Table

29 and Gaphs 7,8 and 9.

Statistical/ there was no significant difference between

mal es of the two groups for the vowels /a/, /il & /ul.

In normal fermales the SI for the vowels /a/, /i/ and /u/
showed a nean of 0.4; 0.35 and 0.49 respectively. Thei r
standard deviations were 0.81; 1.59 and 0.92. The hearing
inpaired - females showed a nean of 0.38; .83 and 0.51 with a
standard deviation of 0.07; 0.07 and 0.04 respectively. There

was no statistical/ significant difference between fenales
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the two groups for all the three vowels /a/, /il & /ul as

shown in Tables 28 and graphs 7, 8 and 9.

It was obsurved that there was no significant difference
between nornmal males and hearing inpaired males interns of
Speed i ndex. Further the statistical analysis showed that
there was no significant difference between Hearing | npaired

females and nornmal fermales in ternms of Speed | ndex.

Thus the Auxiliary Hypothesis stating the there is no
significant difference between nales of nornmal and Hearing
Inpaired groups in ternms of speed |Index has been accepted.
Further, the Hypothesis stating the there is no significant
difference between females of normal and Hearing |npaired

groups in terns of Speed Index has al so been accepted.

It was obsurved from the study of Table-27 that there
was no significant difference between nornmal nales and
f emal es. Further the statistical analysis also showed that
there was no significant difference between Hearing Inpaired

mal es and Hearing Inpaired females in terns of Speed | ndex.

Thus the hypothesis stating the there is no significant
difference between nales and females of normal and Hearing

Inpaired groups in ternms of speed |Index has been accepted.



3) Speed Quotient (SQ : Speed Quotient

the opening tinme to the closing tine in a vibratory cycle
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is the rati o between

Tabl e 29: Shows the nean and standard deviation (SD) for

t he

speed quotient (SQ for in the hearing inpaired and

normal nales and fenales for the vowels /a/, /il &
lul.

Vowel s

Q oups M SD M SD M SD

N M 2.19 1.44 1.34 1.79 1.79 1. 66

Kl -M 1.65 0. 86 1. 69 0.09 2.08 0.83

N F 2. 40 1.83 2.3 1.32 2.58 0.95

H-F 1.93 0.58 1.78 1.07 1.22 0.95




131

Tabl e 30: Shows the T-value and significant difference for
the speed quotient (SQ for the hearing inpaired
and normal males and fermales for the vowels /a/,

[i/ and /[ u/.

NMVs NF NMVs H-M NMVs H-F H-MVs H-F

/al
T- Val ue . 69 1.97 6. 99 .64
Sig-D — — — —

lil
Sig-D — _ — —

[ ul
T- Val ue . 53 1.27 1.02 1.27
Sig-D — — — —

SQ in normal nales indicated a nmean of 2.19; .86 and

1.79 for the vowels /al/, /i/ & /u/l with a standard deviation
1.44; 1.34 and 1.66. The hearing inpaired males showed a
mean of 1.65; 1.69 and 2.08 with a standard deviation of

0.86; 0.09 and 0.83 for the vowels /a/, /il & /[ul as shown

in Tables 29 and graphs 7, 8 and 9.

The statistical anal ysi s showed no signi ficant
di fferences between the two groups for all the vowels /al,

/il and [ul.

In normal females, the SQ for the vowels /a/, /i/ and
[u/ showed a nean of 2.40; 2.3 and 2.58 with a standard
deviation of 1.83; 1.32 and O0.95. The hearing inpaired
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females showed a nean of 1.93; 1.78 and 1.22 with a standard
deviation of 0.58; 1.07 and 1.22. There was no statistically

significant difference between the females of the two groups.

Thus the hypothesis stating that there is no significant
di fference between males of normal and the hearing inpaired
groups in terns of speed quotient is accepted. Simlarly the
hypot hesis stating that there is no significant difference
between fenmales of normal and the Heraring Inpaired groups in

terns of Speed quotient is also accepted.

Table 30 shows that there is no significant difference
between nornmal males and normal fermales in terns of speed
quot i ent . Further statistical analysis shows that there is
also no significant difference between the Hearing I|npaired
males and Hearing inpaired fermales with reference to speed

quot i ent.

Thus the hypothesis stating that there is no significant
difference between nornmal males and fermales of normal group
in terms of speed quotient s accepted. Simlarly the
the hypothesis that there is no significant difference
between males and fenales of the Heraring Inpaired groups is

al so accept ed.

These findings, that there is no significant between the
SQ in the hearing inmpaired and normal subjects, nmay be
because the |oudness of phonation between the two groups nay

be conparable and study by Tinctke et al., (1958) has reveal ed
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that "as the |oudness increased the lateral displacenent of
the vocal folds also increased, as they were blown nore

vigorously apart".

4) "S" Ratio (SR

Table 31: Shows the nean and Standard deviation (SD) for S
ratio hearing inpaired and nornmal males and fenales

for the vowels /fa/, /il and /u/.

Vowel s /al i/ [ ul

G oups M SD M SD M SD
N M 1.13 0.10 1.14 0.13 1.15 0.12
H-M 1.05 0. 26 1.23 0. 32 1.03 0. 26
N F 1.08 0.16 1.09 0. 06 1.14 0.13

H-F 1. 06 0.43 1.08 0.35 1. 07 0.32
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Table 32: Shows the t-value and significant difference for
the "S" Ratio for the hearing inpaired and nor nal

mal es and fenales for the vowels /a/, /i/ and /u/.

NMVs NF NMVs H-M NMVs H-F H-MVs H-F

[ al

T-Value .34 . 65 .35 .43

Sig-D — — — —
il

Sig-D — — — —
[ ul

T- Val ue . 39 . 93 . 48 . 43
Sig-D — — — —

The normals mal es showed a nmean of 1.13; 1.14; and 1.15
w ht the standard deviation of 0.10; 0.13 and O0.12. The
hearing inpaired males showed a nean of 1.05; 1.23 and 1.03
wth the standard deviation of 0.26; 0.32 and 0.26 as shown

in Tabl e 31.

There was no statistically significant di fference
between the two groups that is the hearing inpaired nmales and
normal males for the vowels /a/, /i/ and /u/ as shown in

Tabl e 32.

In nornal fenales the nean values were 1.08; 1.09 and
1.14 with a standard deviation of 0.16; 0.06 and 0.13 for

lal, [i/ and /u/ respectivelly. The hearing inpaired fenales
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Graph-7 Shows the mean EGG Measurements for normals (N)
and hearing-impaired (HI) subjects for the vowel /a/

alo 3




EGG PARAMETERS /i/

Graph-8 Shows the mean EGG Measurements for normals (N)
and hearing-impaired (HI) subjects for the vowel /i/



EGG PARAMETERS /u/

Graph-9 Shows the mean EGG Measurements for mnormals (N)
and hearing-impaired (HI) subjects for the vowel /u/.
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showed a nean value of 1.06; 1.08 and 1.07 with the standard

deviation of 0.43; 0.35 and 0.32 as shown in Table 31.

Statistical anal ysi s showed t hat there was no
significant difference between the hearing inpaired femnales
and normal females for all the three vowels . Thus, the
hypot hesis stating that there is no significant difference in
terms of "S" Ratio between the females ofnormal and the

hearing inpaired group is accepted.

A conparison of nornal males and fermales showed
statistically no significant difference. The Hearing
| npai red groups al so showed no significant difference for al
the three vowels. Thus, the hypothesis stating that there is
no significant difference in terns of "S" Ratio between nales

and females for both the groups is accepted.

Frequency and Anplitude Perturbation neasures

Frequency Perturbation measures

1) Jitter ratio (JR): Jitter is the cycle to cycle variation
in the period that occurs during sustained phonation at

constant | evel.



136

Tabl e 33: Shows nean and standard deviation (SD) for Jitter
ratio in hearing inpaired and normal as and femal e

for the vowels /a/, /il and /u/.

Vowel s | al il [ ul

G oups M D) M D M D
NM 10. 34 0. 19 18. 34 0. 13 18. 59 0. 03
H-M 33.31 0. 30 25. 32 0. 30 58. 61 0.19
N F 12. 39 0. 05 18. 49 0. 04 19. 28 0. 02
H-F 43. 21 0.13 52.31 0.11 68. 31 0. 07

Tabl e 34: Shows the T-value and significant difference for
the Jitter Ratio for the hearing inpaired and
normal males and fenmales for the vowels /a/, /il

and /u/.

NMVs NF NMVs H-M NMVs H-F H-MVs H-F

[ al

T-Value .63 4.89 3.89 . 89

Sig-D — + + —
[il

T-val ue .43 4.39 3.57 . 89

Sig-D — + + —
[ ul

T-Value .83 4. 39 5.93 1.34

Sig-D — + + —
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Jitter Ratio in normal males indicated a nean of 10. 37,
18.34 and 18.59 with a Standard deviation of 0.19; 0.14 and
0.03 for the vowels /a/, /i/ and /u/ and the hearing inpaired
mal es showed a nean of 33.31; 25.32 and 58.61 wth a standard

deviation of 0.30; 0.30 and 0.19 as shown in Table 33.

Statistical anal ysi s i ndi cat ed t hat t here was
astatistically significant difference between the Hearing
| npaired mal es and normal males. Thus the hypothesis stating
that there is no significant difference between the nal es of
the normal and hearing inpaired in terns of jitter ratio is

rej ect ed.

The normal fenmales showed a nean jitter ratio of 12.39;
18.49 and 19.28 wth a standard deviation of 0.05; 0.04 and
0.02 for the vowels /al/, [il & [ul. The hearing inpaired
femal es showed higher neans of 43.21; 52.31 and 68.31 with a
standard deviation of 0.059; 0.042 and 0.023. respectively
as shown in Table 33 and Gaphs 10, 11 and 12.

Again, there was a statistically significant difference
between fermales of the Hearing Inpaired and normal for the
vowels /al/,/ /il and /u/ in terns of jitter ratio as shown in
Table 34. Thus the hypothesis stating that there is no
significant difference between the females of the normal and
hearing inpaired in terns of jitter ratio is rejected.

The study of Table 34 also shows that there was no
significant difference between nornal mal es and nornal

females in terns of jitter ratio . Therefore the hypothesis
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stating that "there is no significant difference between
normal males and fenmales for the Jitter Ratio " has been

accept ed.

Table 34 also shows that there was no significant
difference between males and nornmal fenales of heraring
inpaired group in terns of jitter ratio . Therefore the
hypot hesis stating that "there is no significant difference
between normal nmales and females for the Jitter Ratio" has
been accept ed.

2) Directional Perturbation Factor for frequency (DPF
Frequency) :

It takes into account the direction and not the
magni t ude. It is defined as the percentage of the total
nunber of differences in frequency for which there is a
change in al gebraic sign.

Tabl e 35: Shows the nmean and standard deviation (SD) for
Directional Perturbation factor inpaired and nornal

mal e and female for the vowels /a/, /i/ and /u/.

Vowvel / al [il [ ul

G oup M D M D M D
N M 64. 45 0. 129 67. 38 0. 60 58. 13 0.54
H-M 57. 58 0. 53 63. 64 0.79 76. 92 1.17
N F 70. 16 0.70 58. 13 0. 60 64. 50 0. 45

H -F 57.41 0. 06 53.41 0. 57 71.79 0.31
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Table 36: Shows the T-value and significant difference of
Directional perturbation factor Hearing Inpaired
and nornmal males and fermales for the vowels /al/,

i/ and /ul.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

[ al

t -val ue 0. 43 0. 49 0.34 1.25
Sig-D — — — +
il

t -val ue 0.32 0.85 0.41 0. 33
Sig-D — - — -

[ ul

t -val ue 0.43 0.75 1.35 0.41
Sig-D - - - -

Directional Perturbation Factor in normal males showed a
mean of 66.29; 71.89 and 69.97 for the vowls /a/, /i/ and
fu/ with a standard deviation of 0.30; 0.30 and 0.193 as

shown in Tabl e 35.

There was no significant difference between nales of the
two groups for vowels /a/, [/i/ and /u/ in terns of
Directional Perturbation Factor as shown in Table 36 and

graphs 10, 11 and 12.
The nornal fenales showed a nean of 69.58; 69.65 and
68 75 with a standard deviation of 0.063; 0.048 and O0.043.

where as the hearing inpaired fenmal es showed a nean
Directional Perturbation Factor of 66.68; 75.99 and 71.52
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respectively. Their standard deviations were O0.154; 0.123

and 0.070 as shown in Table 35.

There was again no significant difference between the
hearing inpaired females and nornals females for the vowels
lal, /il and /u/ in terns of Directional Perturbation Factor

as shown in Table 36 and graphs 10, 11 and 12.

Further the study of Table 36 showed that there was
no significant difference between nales and females of the
hearing inpaired group for the vowels /a/, [/i/ and /u/ in

terns of Directional Perturbation Factor

No statistically significant difference between the the
females and males of the normal group for the vowels /a/, /il
and /u/ in terms of Directional Perturbation Factor was found

as shown in Table 36.
(ii1) Relative Average Pertubration (3 point) (RAP -pt):

It is defined as a conparative average of change at

three different points.
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Tabl e 37: Shows the nean and Standard deviation of relative
average perturbration factor for hearing inpaired

and nornmal males and fenales for the vowels /a/,

/1] and /u/.
Vowel s / al lil [ ul
G oups M D M D M SD
N M 0.05 0. 04 0. 03 0. 04 0.24 0. 02
H-M 0. 02 0. 02 0. 09 0. 02 0. 80 0.81
N F 0. 02 0.19 .16 0.18 0. 07 0. 04
H -F 0.16 0.21 .20 0.25 0. 07 0. 06

Tabl e 38: Shows the t-value and significant difference for
rel ative average perturbration factor in the
hearing inpair ed and norrmal nmales and fermales for

the vowels /a/, /i/ and /u/.

NMVs NF NMVs H-M NMVs H-F H-MVs H-F

[ al

T-Value .54 . 54 .52 .83
Sig-D - - - -

lil
T-value .55 .52 .53 .35
Sig-D ) - - -

[ ul
T-Value .83 .54 .52 .84

Sig-D - - - -
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Rel ati ve average pertubration in normals showed a nean
of 0.05; 0.08 and 0.24 with a standard deviation of 0.043;
0.45 and 0.021. The Hearing inpaired males showed a nean
of 0.02; 0.04 and 0.80 with a standard diviation of 0,021,
0.023 and 0.81 for the vowels /a/, /i/ and /u/ as shown in

Table 37 and Graphs 10, 11 and 12 respectively.

There was no significant difference between the two
groups i.e. the Hearing inpaired nales and normal males for
all the three vowels /a/, /i/ and /u/ as shown in Table 38.
Therefore the hypothesis stating that there is significant
difference between the normal nmales and the nmales of the
hearing inpaired males with reference to relative average

pertubration is accepted.

The normal fermales showed a nean of 0.02, 0.16 and O0.07
with a Standard diviation of 0.19; 0.18 and O0.04. The
Hearing inpaired fenmales showed a nean of 0.16; 0.21 and 0.25
for the vowels /a/, /i/ and /u/ with a standard divation of
0.21, 0.25 and 0.06 as shown in Table 37 and G aphs 10,11 and
12. Further the study of Table 38 showed that there was no
significance difference between the Hearing Inpaired fenales
and normals in terns of relative average pertubration for all
the vowel s studi ed. Thus the hypothesis stating that there
is no significant difference between the fenales of the two

groups has been accepted.
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The normal males and females also showed no significant
difference in terns of relative average perturberation.
Thus the hypothesis stating that there is no significant
difference between the fenmales and the males of the nornal

group has been accepted.

As it can made out from Table-38 there was no
significance difference between the Hearing Inpaired females
and males for the vowels /a/, [/i/ and /u/ in terns of
relative average pertubration. Thus the hypothesis stating
that there is no significant difference between the fenales
and the males of the hearing inpaired group has been
accept ed.

Amplitude Pertubration neasures

i) Shimer (dB) : It is defined as cycle to cycle variation

in the anplitude that occours during phonation at constant

| evel .

Table 39: Shows the nean and Standard deviation of Shinmmrer
(dB) in the hearing inpaired and nornmal nmales and

females for the vowels /a/, /i/ and /u/.

Vowel s /| a/ [il [ul

G oups M D M D M D
N M .35 0.15 .41 0. 60 .42 0.54
H-M 2.03 0.43 5.32 0.78 6. 32 1.16
N F .34 0.70 .51 0. 60 .52 0.44

H-F 0.32 0.70 8.38 0. 57 9.54 0.31
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Table 40: Shows the t-value and significant difference for
Shimer (dB) in the Hearing Inpaired and nornal

mal es and female s for the vowels /a/, /il and /u/.

NMVs NF NMVs H-M NMVs H-F H-MVs H-F

[ al

T-Value .34 8.53 9.35 3.85
Si g- D- + + +
lil
T-value .81 7.83 8.35 4.21
Si g- D- + + +
lul
T-Value .82 5.63 10. 39 3.28
Si g- D- + + +
i) Shimer (dB) : It is defined as cycle to cycle variation

in the anplitude that occurs during phonation at constant

| evel .

The normal males showed a nean of 0.35;, 0.41 and 0.42
wth a Standard Deviation of 0. 15; 0.60 and 0.54
respectively. The Hearing Inpaired nmales showed a nean of
2.03; 5.32 and 6.32 with a standard devation of 0..43; 0.78

and 1.16 for the vowels /a/, /i/ and /u/ as shows in Table

39.

There was singificant difference between the Hearing
Inpaired males and normal males for the vowels /a/, /il and

/u/ as shows in Table 40 and G aphs 13, 14 and 15.
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The normal females showed a nmean of 0.34; 0.51 and 0.52
wth a standard devation of 0.701; 0.60 and O.44. The
Hearing Inpaired fenmales showed a nean of 0.32; 8.38 and 9.54
wth a standard of 0.70; 0.57 and 0.31 for the vowels /a/,

[i/l and /u/ as shows in Table 39.

There was significant difference between the Hearing
Inmpaired fermales and nornmal fenales for the vowels /al/, /il

and /u/ as shown in table 40 and G aphs 13, 14 and 15.

ii) Directional Perturbation Factor of Anplitude (DPT -anp)

Directional Perturbation Factor of Anplitude takes into
account only the percentage of the total nunber of
differences in anplitude for which there is change in

al gebric sign.

Table 41: Shows the nean and standard deviation (SD) for
Directional Perturbation factor inpaired and nornal

mal e and fenale for the vowels /a/, /i/ and /u/.

Vowel [ al [il [ ul

G oup M D M D) M D
NM 64. 45 0.129 67. 38 0. 60 58. 13 0.54
H-M 57. 58 0. 53 63. 64 0.79 76. 92 1.17
N F 70. 16 0.70 58. 13 0. 60 64. 50 0.45

H-F 57.41 0. 06 53.41 0. 57 71.79 0.31
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Table 42: Shows the T-value and significant difference of
Directional perturbation factor Hearing |npaired
and normal nmales and females for the vowels /a/,

/il and /u/.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

| al

t -val ue 0. 43 0.49 0.34 1.25
Sig-D - - - +
[il

t -val ue 0.32 0. 85 0.41 0.33
Sig-D - - - -

[ ul

t -val ue 0.43 0.75 1.35 0.41
Sig-D - - - -

Normal nmales indicated a mean Directional Perturbation
Factor of Anplitude of 64.45; 67.38 and 58.13; wth an
standard deviation of 0.129; 0.603 and 0.54. The Hearing
| npai red nmal es showed a nmean of 57.58; 63.64 and 76.92 with a
standard deviation of 0.532; 0.79 and 1.18 for the vowels
lal, /il and /ul respectively as shown in Table 41 and G aphs

13, 14 and 15.

There was no significant difference between the Hearing
| npaired nmales and nornmal males for the vowels /a/, /i/ and
/u/ as shown in Table 42. Therefore the hypothesis stating
that there is significant difference between the nales of the
nor nal and the hearing inpaired groups in terns of

Directional Perturbation Factor of Anplitude is accepted.
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The normal fenales showed a nean of 70.16; 58.13 and
64.50 for the vowels /a/, [/i/ and /u/ wth a standard
deviation of 0.60; 0.61 and O.45. The Hearing Inpaired
females showed a nean of 57.41; 53.41 and 71.79 wth a
standard deviation of 0.06; 0.58 and 0.32 and 71.79 with a SD
of 0.06; 0.58 and 0.32 for the vowels /a/, /[/i/ and /ul/ as
shown in Table 41 and G aphs 10, 11 and 12

There was no significant difference between the fenales
of the two groups in terns of Directional Perturbation Factor
for the vowels /a/; /il and /ul as shown in Table 42.
Thus the hypothesis stating that there is no significant
difference between the fenmales of the normal and the hearing
inpaired groups in terns of Directional Perturbation Factor

of Anplitude is accepted.

Further the study of Table-42 also indicated that there
was no significant difference between the fermales and nales
of the normal group in terns of Directional Perturbation
Factor for the vowels /a/, /i/ and /u/ . Thus the hypothesis
stating that there is no significant difference between the
females and males of the nornal group in terns of

Directional Perturbation Factor of Amplitude is accepted.

The males and the fenales of the hearing inpaired group
showed no significant difference in terns of Directional
Perturbation Factor for the vowels /a/, /i/ and /u/ as shown
in Table 42. Thus the hypothesis stating that there is

no significant difference between the fenales and the nal es
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of the hearing inpaired groups in ternms of Directional

Perturbation Factor of Anplitude is accepted.

i) Anplitude Perturbation Quotient (APQ):

Table 43: Shows nean and standard devi ati on ( SD) for
anplitude perturbation quotion in Hearing |npaired

and Nor nal males and fenmales for the vowels /al,

/il and [ul.
Vowel / al lil [ ul
G oup M D) M D M D)
N M 3.54 0.14 2.18 0.70 2.32 0.54
H -M 7.29 0.34 6. 97 0.82 6. 37 1.15
N F 2.82 0.91 3.32 0. 60 2.21 0.42
H-F 11. 63 0. 63 6. 46 0.54 15. 32 0.25

Table 44: Shows t-values and significant difference of
anplitude perturbation quotient in Hearing Inpaired
and Norrmal males and fenales for the vowels /al,

/il and /u/.

NMVs NF NMVs H-M NF Vs H-F H-MVs H-F

[ al

t-val ue 0.34 1.32 2.46 0.43
Sig-D — + + —
[il

t-val ue 0. 39 1.38 2.32 0. 28
Sig-D - + + -

[ ul

t -val ue 0. 65 2.36 2.84 1.35

Sig-D - + + -
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The normal nales indicated a nmean Anplitude Perturbation
Quotient of 3.54; 2.18 and 2.32 with standard deviations of
0.14; 0.72 and 0.54 for the vowels /a/, /il and /ul. The
Hearing Inpaired males showed higher neans i.e., 7.29; 6.97
and 6.37 for /al/,/i/ and /ul/ respectively. They had standard
deviations of 0.34; 0.82 and 1.15 as shown in Table 43 and
graphs 13, 14 and 15 .

There was significance difference between the Hearing
Inpaired males and normal nales for all the vowels /al, /il
and /u/ as shown in Table 44. Thus the hypothesis stating
that there is no significant difference between the nales of
the hearing inpaired and the normal male groups in terns of

Anplitude Perturbation Quotient is rejected.

The normal ferales showed a nean of 2.82, 3.32 and 2.21
with a standard deviation of 0.69; 0.60 and 0.42 for all the
three vowels /a/, /i/ and /u/. The Hearing Inpaired femnales
showed a nean of 11.63; 6.46 and 15.32 with a SD of O0.6;;
0.54 and 0.25 for /a/, [/i/ and /ul/ respectively as shown in

Tabl e 43.

There was significant difference between the Hearing
Inpaired fenmales and normal fermales for the vowels /al/, /il
and /u/ as shown in Table 44. Thus the hypothesis stating
that there is no significant difference between the fenales
of the hearing inpaired and the normal female groups in

terns of Anplitude Perturbation Quotient is rejected.
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Further stud/ of Table -44 showed that there was no
significant difference between the Hearing Inpaired fenales
and nales for the vowels /a/, [/i/ and /[ul . Thus the
hypothesis stating that there is no significant difference
between the fenmales and nmales of the hearing inpaired in

terns of Anplitude Perturbation Quotient is accepted.

There was no statistically significant di fference
between the fermales and nales of the normal group for the
vowels /a/, [/i/ and /u/ as shown in Table 44 . Thus the
hypot hesis stating that there is no significant difference
between the females and nmales of the normal group in terns

of Anplitude Perturbation Quotient is accepted.
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Graph-14 Shows the mean Amplitude Perturbation Measures
for normals (N) and hearing-impaired (HI) subijects
tor the vowel /1/.
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A conparison of the results of present study wth that
of normals of a simlar age group (Rashm, 1985;) showed that
in general the hearing inpaired population showed a clear cut
difference away from that of the normals. It has been either
i ncreased (eg. fundanental frequency. Speaking fundanenta
frequency, frequency range in phonation and speech) or
decreased. (eg. R se and Fall tine of phonation of vowels).
In normals all the above paraneters controlled by a proper
coordi nati on between t he respiratory, phonat ory and
resonatory system and also by the finer control of |aryngea
novenent. Thus it can be seen that the hearing-inpaired |ack

these controls in nonitoring their voice and speech.

The neasurenment of these paraneters woul d hel p the
clinician in better understanding of the processes of speech
in hearing inpaired and in thus describe their speech in
better terns.

So by concentrating on these paraneters in therapy and
by a proper feedback of these paraneters by the different
nodes in hearing inpaired can be helped in achieving voice
and speech closer to the normals and thus probably, at the
same tine, increase the intelligibility of their speech to
the 'person on the street'.

The results of the present investigation have shown the
possibilities of describing the speech and voice of speech
di sorders, i ncluding speech and voice of hearing inpaired.
It is hoped that this would stinmulate further investigation

on simlar |ines.
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SUVWVARY AND CONCLUSI ON

"Deaf ness, even profound deafness, does not prevent an

i ndividual from producing voi ce. However, the |oss of
hearing does affect the control of voice production, and when
people listen to the speech of deaf person, a typical

reaction is that the speakers voice sound "abnornal".

(MOSEN et al 1976 )

In order to investigate the effect of hearing inpaired
of vocal fluctuation, it is necessary to observe the vocal
par aneters. Therefore, the present study, was used to

i nvestigate.

Twel ve subjects ( 6 males and 6 females ) of the age
range of 5-9 years were selected for the study. Al the
subjects and HTIL of 76-90 dB with no significant associated

probl ens. Twel ve normal subjects were used as the control

group.

The following paranmeters were studied for the vowels
lal.lil and /u/ produced three tines each by each subject of

both the groups.

1) The frequency and intensity neasures
2) The EGG nmeasures

3) Pitch and anplitude pertubration measures.

From the statistical analysis of the data the follow ng

concl usi ons were drawn -
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There was significant difference between hearing inpaired
and normals in the nean fundanental frequency for the
vowel /al/,/i/ artd/u/, normals showi ng |ower fundanental

frequency than the hearing inpaired group.

There was a significant difference between the hearing
inpaired and normal males and fermales in the maxi num
fundanental frequency. The hearing inpaired showed

| arger maxi mum fundanental than the normal group.

There was statistical difference between the hearing
inpaired and normal males and fermales for all the three

vowels in terns of frequency range.

There was significant difference between the norma
females and hearing inpaired fermales where as the norma
males and females showed no significant difference
between nornmal nales and females for mnimum fundanenta

frequency.

There was significant difference between normal fenales
and hearing inpaired fenmales, where as the difference
between males and fenmales of normal group as well as
heari ng inpaired group showed there that was no
significant difference between the tw interns of speed

of fluctuations.
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There was significant difference between hearing inpaired
and normals in the nean fundanental frequency for the
vowel /a/,/i/ and/u/, normals show ng |ower fundanental

frequency than the hearing inpaired group.

There was a significant difference between the hearing
inmpaired and normal nmales and females in the maxi num
fundanmental frequency. The hearing inpaired showed

| arger maxi num fundamental than the normal group.

There was statistical difference between the hearing
inmpaired and normal nmales and females for all the three

vowel s in terns of frequency range.

There was significant difference between the norma
femal es and hearing inpaired fenales where as the nornma
males and fenmales showed no significant difference
between normal males and fermales for m ni mrum fundanent al

frequency.

There was significant difference between normal fenales
and hearing inpaired females, where as the difference
between males and fenales of normal group as well as
hearing inpaired group showed there that was no
significant difference between the tw interns of speed

of fluctuations.
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impaired fenmales showed higher fluctuations than the

ot her groups.

There was no significant difference between the nmales of
the two groups. There was significant difference between
the females of the two groups. The extent of fluctuation
in intensity were relatively less than fluctuation in

fundamental frequency.

There was significant difference between the normal nales
and hearing inmpaired males for the vowel /a/ only for
open quotient and fenmales of both the groups showed
significant difference. The open quotient in hearing
impaired was lower than in normal subjects in both nales

and femal es.

There was no significant difference seen between nales

and fenmales of both the groups for the speed index.

There was no significant difference between the normals
and hearing inpaired males and fenmales for the speed

qguot i ent.

The "S" ratio also showed no significant difference

between the nmales and females of both the groups.

There was significant difference between females of the
hearing inpaired and normal group. The nmales of both
groups showed no significant difference in terns of

jitter ratio.
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There was no significant difference between nmales and
females of the two groups in terns of directional

pertubration factor.

There was also no significant difference between the
mal es and females of both the groups i.e., the hearing
inpaired and nornal in ternms of relative anplitude
pertubration.

There was significant difference between the nmales and

females of both the group for all the three vowels

fal, /il and/u/ in terns of shimer.

There was no significant difference between the nmal es and
females of both the groups for all the three vowels in
terns of directional pertubration factor of anplitude.

There was significant difference between nornmal and
hearing inpaired males and fenmales for all the three
vowels /a/,/i/ and /u/ in terns of anplitude pertubration

guot i ent.

Recommendat i ons:

1.

2.

To investigate on a larger sanple of difference groups,
varying degrees and types of hearing loss and different

age of onsets.

QO her paraneters could be included to nake it nore
mul ti di mensi onal .

To observe t he effect of nodifying the devi ant
paraneters on the inprovenent of voice quality in the

hearing inpaired individuals.
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APPENDEX- A

Subj ect s Age/ Sex Av. HTL (ANSI '69) Type of
at .5 1KHz & 2KHz hearing |oss
1 5yrs/ M 90 dB S' N hg |oss
2 6yrs/ F 90 dB S.N hg |oss
3 7yrs/F 90 dB S.N hg Iloss
4 6yrs/ F 85 dB M xed hg | oss
5 9yrs/ M 90 dB S.N hg |oss
6 7yrsiM 85 dB M xed hg | oss
7 9yrs/ F 90 dB S.N hg |oss
8 7yrs/ M 85 dB M xed hg |oss
9 6yrs/ F 90 dB S N hg loss
10 7yrs/ F 85 dB S.N hg |oss
11 9yrs/ M 85 dB S'N hg |oss
12 5yrs/ M 85 dB S N hg |oss




