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1.1
| NTRCDUCTI ON

Recent investigations have indicated that only about 20%
of the speech output of the deaf is understood by the "person
on the street". This lack of intelligibility has been asso-
ciated with some frequently occuring segnental and supraseg-
mental errors. The correlation between the errors and overal

speech intelligibility is |less clear (Tony Gold, 1980).

Speech is unique to man. |Its presence has nmade all the
di fference between man and t he | ower beings. A poor speech
devel opnent may not only hanper effective communication but

al so the overall devel opnent of the individual.

Anong the many vari abl es affecting speech devel opnent,

hearing | evel is perhaps the nost inportant (Ling, 1976).

Knowl edge of speech production abilities of hearing-inpaired
individuals is in many ways of potentially of greater value to
educators than know edge of an individuals hearing ability

(Mbi nsen, 1978).

Wth the current advance in technology, it is possible to
overcone the lack of auditory feedback in hearing-inpaired by
providing a variety of other feedbacks through the other sensory

nodalities as well as through anplification of sounds.
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But before this one has to know the different characte-
ristics and paraneters of the speech of hearing-inpaired; a
proper understanding of which will help in deciding the sel ec-
tion of the different aspects of speech for providing an

ef fective feedback.

But a reviewof literature indicstes that nost of the
studi es conducted in the past decades studi es based on subjec-
tive evaluations, where a nornmal |istener was used as an anal yti ca
tool (Hudgi ns and Nunbers, 1942; Penn, 1955; Cal vert, 1962;
Martony, 1965; D Carlo, 1968; Levitt, 1971; Mangan, 1961; Nober,
1967; Marki des, 1970; Smth, 1975; McGarr, 1978; and Geffner,

1980) .

Thus, inspite of a long history of speech rehabilitation
of the hearing handi capped, it is surprisingto note that there
are conparitively very few studies investigating the objective
paraneters (Mnsen, 1974, 1976; Gl bert, 1975; Mcd unpha, 1966;
and Cal vert, 1962) and specifically the acoustic characteristics

of the speech of the hearing-inpaired.

Hence, the present study was planned to carry out acoustic

anal ysis of the speech of the hearing inpaired.

Pur pose of the study:

This study ained at obtaining the acoustic characteristics

of the speech of the hearing-inpaired.
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O the different acoustic paraneters listed by Hrano
(1980), 10 paraneters were selected for the present study
as they reflect the condition and functioning of respiratory,
phonatory and resonatory systens. They have al so been studied
in the normal popul ati on bel ow 15 years (Rashm, 1985) and

above 15 years (Copal, 1986, Vanaja, 1986).

Fifty-three subjects both nmal es and fenal es, age rangi ng
from 10-20 years were considered for this study. Al the
subj ects had hearing loss of 60 dB or nore in their better ear.

They had no ot her abnornalities.

Three trials of maxi mumphonation duration of /a/, /i/ and
/ ul were recorded for all the subjects. Using the data on
vowel phonation, the follow ng were determ ned.

1. The nmaxi mum phonati on duration

2. The fundanental frequency

3. Frequency and Intensity range

4

R se and Fall tine

Recordings of 3 repetitions of the sentences "idu papu”,
"idu koti™, and "idu kenmpu banna" were nade for all subjects.
These were anal yzed to obtai n.

1. Speaking fundanental frequency

2. Frequency and Intensity range of speech
3. Duration of vowel /i/ in "idu"
4

The Intensity | evel s of harnonics.
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Apart fromthe latter two nmeasurenents, which were nade
on the H gh Resolution Signal Analyzer (B& 2033), all other

measur enent s were nade usi ng Pitch Anal yzer (PM 100).
The obtai ned data were subjected to statistical analysis.

Hypot hesis: It was hypot hesi zed that (1) "there is no signifi-

cant difference between the hearing-inpaired mal es and fenal es”
and (2) "no significant difference exists in each of the sexes
as a function of age" in the foll ow ng paraneters.
1. Maxi mum phonation d-eviration
Fundanent al frequency of phonation
Frequency range i n phonation
Intensity range in phonation
Rise and Fall Tine in phonation
Speaki ng fundanental frequency

Frequency range i n speech

©® N o U A W N

Intensity range i n speech
9. Vowel duration

10. Intensity at different harnonics.

Auxi | i ary hypot hesi s:

A, Maxi num phonati on durati on:

1. There is no significant difference between t he nal e and

femal es for maxi num phonati on durati on.

2. No significant difference exists for maxi numphonation dura-

tion as a function age in nal es.
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3. No significant difference exists for naxi numphonation dura-

tionin fermales, as a function of age.

I 1. Fundanental frequency of phonati on:

1. There is no significant difference between the nal es and
femal es for fundanmental frequency of phonati on.

2. No significance difference exists for fundanental frequency
of phonation as a function of age in nal es.

3. No significant difference exists for fundanental frequency

of phonation in fenales, as a function of age.

I'11. Frequency range i n phonati on:

1. There is no significant difference between the nmal es and
femal es for frequency range in phonation.

2. No significant difference exists for frequency range i n phona-
tion as a function of age in mal es.

3. No significant difference exists for frequency range of phona-

tionin females, as a function of age.

V. Intensity range in phonation:

1. There is no significant difference between t he nmal es and
femal es for intensity range in phonation.

2. No significant difference exists for intensity range i n phona-
tion as a function of age in nal es.

3. No significant difference exists for intensity range in phona-

tionin females, as a function of age.
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V. Rsetine in phonation:

There is no significant difference between the nmal es and

fenmales for rise time in phonation.

2. No significant difference exists for rise tine in phonation

as a function of age in nal es.

3. No significant difference exists for rise tine in phonation

infemal es, as a function of age.

VI. Fall tine in phonation:

1. There is no significant difference between the nmal es and

females for fall time in phonati on.

2. No significant difference exists for fall tine in phonation

as a function of age in nal es.

3. No significant difference exists for fall tine in phonation

in femal es, as a function of age.

VI'I. Speaking fundanental frequency:

1. There is no significant difference between t he mal es and
femal es for speaking fundanental frequency.

2. No significant difference exists for speaking fundamental
frequency as a function of age in mal es.

3. No significant difference exists for speaking fundanental

frequency in fenal es,as a function of age.

VI11. Frequency range i n speech:

1. There is no significant difference between the nal es and

femal es for frequency range in/speech.
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No significant difference exists for frequency range in
speech as a function of age in males.
No significant difference exists for frequency range in

speech 1in females,as a function of age.

Intensity range in speech:
There is no significant difference between the males and
females for intensity range in speech.
No significant difference exists for intensity range in

speech as a function of age in males.

. No significant difference exists for intensity range in

speech in females, as function of age.

Vowel duration:

There is no significant difference between the males and
females for vowel duration.
No significant difference exists for vowel duration as a

function of age in males.

. No significant difference exists for vowel duration in females,

as a function of age.

XI.& .ratio:

1.

There is no significant difference between the males and
females for of-ratio.

No significant difference exists force-ratio as a function

of age in males.

. No significant difference exists for of-ratio in females, as

a function of age.
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Limtations of the study:

1.
2.

The study was limted to the age group 10-20 years only.

The study consisted of hearing-inpaired children attendi ng

a school whi ch enphasi zed nore on total communication than
oral -aural approaches.

The study was limted to only 10 paraneters.

Correl ati on between different parameters were not determ ned.

ThF sanpl e studied were limted to 3 vowel s and 3 sentences
only.

| nplications of the study:

1.

The results of this study would hel p in better understanding

of speech of the hearing-inpaired.

The neasurenent of these paraneters would hel p in providing
better description of voice and speech of the hearing-inpaired.
The informati on obtai ned fromthe present study can be used

to plan therapy for the hearing inpaired.



2.1
REM EW CF LI TERATURE

"Speech may be viewed as the uni que nmet hod of communi cation
evolved by man to suit the uniqueness of his mnd. By its
great flexibility, it permts man to produce a variety of
signal s commensurate with the richness of his imagination. At
the sane tine, the ability tothink in terns of causality and
pur posi veness (tine bl ending) enables nman to expand enornously
hi s use of reciprocal communication for the coordination of

social activities".(E senson,J., Aner, J.P., and Irwin, J.V,1963).

Speech is a conplex notor activity and any di sorder during
t he devel opnental stages of speech m ght conme in the way of the

devel oprment of notor control.

Anong t he many vari abl es affecti ng speech devel opnent, heav-

ing level is perhaps the nost inportant (Ling, 1976).

Speech is normal Iy controll ed through hearing. Nowhere is
this clearly shown than in the way a baby learns to talk. Al
the needs is tine. Tine for added experiences, tine to |earn
new wor ds through hearing themand tinme to nmaster vocal control

by hearing his own speech (Carhart, 1970).

Because it is natural for the ear to be the channel through
which one learns to talk, a serious inpairnent in hearing will

hi nder a child's normal devel opnent of speech.
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The nost obvi ous exanple of the role played by hearing in
acqui sition of spoken learning is furnished by the child who
Is deaf by birth. Unless special training is undertaken, such
a child never learns to talk. H s deafness closes for himthe
door through which he woul d nornally acquire both know edge of

speech and control of the speech organs.

Any substantial |oss of hearing which exists at birth or
occurs soon thereafter will hinder both |earning devel opnent and
t he establishnment of adequate speech habits. Two factors are
responsible - First, the hearing | oss reduces sharply the nunber
of listening experiences that the child has and thus slows down
t he process of |earning speech and | anguages. Second, |osses of
certain types make it difficult for the child to distinguish
sone of the elements in speech. No childwll learn to produce
di stinct sounds which he does not hear, unless of course, he has

been gi ven speci al gui dance.

Mousen (1978) states that know edge of speech production
abilities of hearing inpaired individuals is in many ways of
potentially greater value to educators than know edge of an

i ndi vidual s hearing ability (Rebb, Hughes and Frese, 1985).

Wi |l e an anal yti cal approach is undoubtedly necessary in
order to nake tractabl e the task of studying deficient speech,
a probl em approach to training may be bound to yield only limted

success. Perhaps the nost distinguishing characteristics of
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speech is its integrity and it may be that, training techniques
wi Il continue to produce disappointing results until methods are
devel oped that will provide a child with an ever present visua
or tactile representation of his own or other peoples speech
that is as rich as the representation that the hearing person
gets by ear. But exactly what information shoul d be coded are
the questions that are yet to be answered. Until they are
answered an anal ytic approach to training is possibly the only

path that i s open (N ckerson, 1977).

Wth the advent of high technology it is now possible to
develop a great variety of training displays designed to convey
i nffornati on about many aspects of speech. Before this technol ogy
can be used wi th maxi mal effectiveness, however nore information
I's needed about the characteristics of the speech of the deaf
persons and in particular, about how the abjective paraneters

of speech relate to its perceptual properties.

Descriptions of the speech of hearing inpaired individuals
have, for the nost part been based on perceptual eval uations
(Hudgi ns and Nunbers, 1942; Penn, 1955; Cal vert, 1962; Martony,
1965; D Carto, 1968; Levitt, 1971). Investigators who have been
concerned with this area have used such terns as hypernasality,
hyponasal ity, gross msarticulations, faulty stress and faulty
I ntonation to describe the speech6f hearing inpaired. These con-
fusions may be the result of subjective methods used in the part

to eval uate the speech of hearing inpaired individuals.
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A few investigators have used objective nethods to study
t he speech of hearing inpaired (Benson, 1957; Md unpha, 1966;
Hunti ngdon, 1968; G| bert, 1975; Hutchinson, and Smth, 1976).
These studies indicated that in general there is no set of charac-
teristics that best typifies the speech of hearing inpaired indi-

vi dual s.

The nature of sound generated in chiefly by the vibratory
pattern of the vocal folds. It can be specified both in terns
of acoustic and psychoacoustic terns. Acoustic paraneters
I ncl ude fundanental frequency, intensity, waveform or acoustic

spectrum and their tine-related vari ations.

Anal ysi s of such acoustic paraneters have been consi dered
to be useful in drawing a voice profile. Hrano (1981) has
poi nted out that the acoustic analysis of voice signal may be one
of the nost attractive nethods for assessing phonatory function
or laryngeal pathol ogy because it is non-invasive and provides
objective and quantitative data. Many acoustic paraneters,
deri ved by various net hods have been reported to be useful in

differentiating between the pathol ogi cal and the nornal voi ce.

Few studi es of these acoustic paraneters have been carried
out for the normals in the I ndian popul ati on. (Kushal Raj, 1984;

Rashmi, 1985).

But there is no study so far studying these acoustic para-

meters in the hearing inpaired popul ation.
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Hence there is a need for the study of acoustic para-
neters in the speech of the hearing-inpaired. This wll
not only help in understanding of the speech of hearing-
| npai red but al so hel ps in deciding the goals in therapy

and increasing the effectiveness of the therapy.

Therefore the present study ains at investigating sone
of the acoustic paranmeters (fundanental frequency in phona-
tion and speech, nean frequency and intensity range in phona-
tion and speech, rise and fall tinme in phonation, naxi num
phonati on duration, harnonics distribution and vowel duration)

of the speech of the hearing inpaired).

Further the reviewof literature, that follows, would show
the inportance of these paraneters in understanding better the
speech of the hearing inpaired. The review also reveals the
| ack of studies of these paraneters (especially sonme of then)

in the hearing inpaired popul ati on.

Fundanent al frequency:

The fundanental frequency often |oosely called the pitch of
t he voi ced speech sounds varies considerably in the speech of a
gi ven speaker and the average or characteristic fundanmental fre-

guency varies over speakers.

O the three major attributes of voice, the underlying basis

of speech, nanely pitch, |oudness and quality, ".... both quality
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and | oudness of voice are nainly dependent upon the frequency
of vibration. Hence it seens apparent that frequency is an

| nportant paraneter of voice". (Anderson, 1961).

Pitch is the psychophysical correlate of frequency. A though
pitch is often defined in terns of puretones, it is clear
t hat noi ses and ot her aperiodi c sounds have nore or |ess defi-
nite pitches. The pitch of a conplex tone, according to Stevens
and Davis (1935) depends upon the frequency of its domnant com
ponent, that is, the fundanmental frequency in a conpl ex tone.
Pl onp (1967) states that even in a conpl ex tone, where the funda-
mental frequency is absent or weak, the ear is capabl e of perceiv-
ing the fundanental frequency based on periodicity of pitch.
Enrickson (1959) is of the opinion that the vocal cords are ulti-
mate determners of the pitch and that the same general structure
of the cords seemto determ ne the range of frequencies that one

can produce.

The factors determning the frequency of vibration of any
vi brator are mass, length and tension of vibrator. Thus nass,
| ength and tension of vocal cords determne the fundanental fre-

guency of voi ce.

There are various objective nethods to eval uate the funda-
mental frequency of the vocal cords. Stroboscope procedure,

(pardue pitch neter. H gh speech ci nemat ography, E ectrogl ottography
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ul trasoni c recordi ngs, stroboscopi c | am nggraphy (STROL), Capstrum
pitch detection, the 3Mplastiformmnagnetic tape viewer. Spectre—
graphy, D gi Pitch, Pitch conputer and H gh Resol ution S gna

Anal yzer and ot hers.

The changes in voice with age and within the speech of an indi
vi dual have been t he subject of interest to speech scientists.
Various investigators dating back to 1939 have provi ded data on
various vocal attributes at successive devel opmental stages from
infancy to ol d age. Fairbanks (1946, 49); Curry (1940); Sridecor
(1943); Hanky (1949), Msak (1950), Samuel (1973), Usha Abraham
(1978), CGopal (1980) and Kusnal Raj (1984) are some of them

The voi ce of a new born has been found to be around 400Hz
(Gutzmann and Pl ateau, 1905, Indira, 1982). The fundanent al
frequency drops slightly during the first three weeks or so,
but then increases until about the fourth nonth of life, after
which it stabilizes over a period of five nonths. Beginning
with first year, fundanental frequency decreases sharply until
about 3 years of age, when it nmakes a nore gradual decline, reach-
ing to the onset of puberty at 11 or 12 years of age. A sex
difference i.e. apparent by the age of thirteen years, which
mar ks t he begi nning of a substantial drop for nal e voi ces, the well
known adol escent voice change in the case of fenales. The decre-
nment in fundanmental frequency frominfancy to adulthood anong
femal es is sonewhat in excess of an octave, whereas nal es exhibit

an overal |l decrease approaching two octaves (Kent, 1976).
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The fundanental frequency val ues are distingui shed by sex
only after the age of eleven years, although snmall sex diffe-

rences mght occur before that age (Kent, 1976).

St udi es on | ndi an popul ati on have shown that, in males, the
| owering in fundanental frequency is gradual till the age of 10
years, after which, there is a sudden narked | owering in the
fundanental frequency, which is attributable to the changes
I n the vocal apparatus at puberty. In the case of fenales, a
gradual |owering of fundanental frequency is seen (CGeorge, 1973;

Usha, 1979; Copal, 1980; Kushal Raj, 1983).

Aver age fundanental frequency decreases with increasing age
until adulthood for both nmales and fermal es. The average drop of
females is roughly 75Hz (from about 275-300Hz)to about 200-225Hz)
during the tine fromprepubescence to adul thood. For nales the
drop over the same period is likely to be about 150Hz (275-300Hz
to 100- 150Hz) about |00Hz of which may occur abruptly as a
result of the adol escent voice break. (Qurry, 1940; Fairbanks,

1940) .

G course for any given age, average individual fundanenta
frequenci es span over a considerabl e range, but about 90%woul d
be expected to be with + 30-40Hz of thepopul ation norns (Fairbanks,

1940; Fairbanks, Wl ey and Lassman, 1959; Hollien and Paul, 1959).

The fundanental frequency varies in the speech of an average

speaker over a range of 1-1%octaves (Fairbanks 1940). It is used
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to indicate stressed and unstressed vowel s, to add enphasis to
what is being said and to carry infornation about the structure

and nmeani ng of a sentence.

Lingui stic and senantic information is carried by pitch in
several ways. Afalling pitch is used, for exanple, to signa
the end of the final stressed vowel in a declarative sentence.
At a major syntactic break within a sentence such a fall is
followed by a rise in pitch to indicate that the sentence is to
continue. For certain types of questions, a pitch rise occurs
inthe final stressed syllable. Al so, nessages beyond the words -
sonetinmes subtle, sonetinmes prignant. can be conveyed by the way

the utterance i s inflected.

The difficulties that the deaf speaker has with pitch are
of 2 general types: in appropriate average pitch and i nproper
intonation. Intonation problemin turn can be divided into 2
maj or types: nonotone voi ce and excessive or erratic pitch

vari ation.

Several investigators have noted that deaf speakers are
apt to have a relatively high average pitch or tospeakin falsetto
voi ce (Angel occi, Kopp, and Hol br ook, 1964; Boone, 1966; Engl eber g,
1962; Martony, 1968). There is sone evidence that this problem
Is greater for teenagers thanfor preadol escents and that it is
particul arly troubl esone for adol escent boys (Boone, 1966).

Angel occi, Kopp, and Hol brook (1964) suggest not only that funda-
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mental frequency of deaf are higher than that for hearing speaker:
on the average; but also that the average fundanental frequency

for different speakers spans a w der range.

Deaf speakers often tend to vary the voice pitch nuch | ess
than do hearing speakers and the resulting speech has been
descri bed as flat or nonotone (Cal vert, 1962; Hood, 1966;
Martony, 1968).

A particular problemis that of inappropriate or insufficient
pitch change at the end of a sentence (Sorenson, 1974). A
termnal pitch rise such as occuring at the end of sone questions
may be even nore for deaf to produce than a termnal fall (Phillips

et al., 1968).

Pitch problens vary considerably from speaker to speaker.
Whereas insufficient pitch variation has been noted as a probl em
for sonme speakers excessive variati onhas been reported for others.
(Martony, 1968). Such variation are not sinply normal variations
t hat have been somewhat exaggerated but rather pitch breaks and

errati c changes that do not serve the purpose of intonation.

Sone of the abnormal pitch variation in the speech of deaf
may result fromattenpts by speakers to increase the anount of
proprioceptive feedback that he receives fromthe activity of
produci ng speech. Martony (1968) and WIlenmain and Lee (1971)
have observed that deaf speakers sonetines tend to begin a breath

group with an abnornally high pitch and then to | ower the pitch
to a nore nornal |evel.
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Angel occi, Kopp and Hol brook (1964) found that fundamenta
frequency varied nore fromvowel to vowel when the vowel s were
produced by same deaf speakers than for 1st and 2nd for nmant
frequencies, attributing their type of abnornal pitch variation
of effects by the deaf speakers to differentiate vowel s by
varyi ng fundanental frequency and anplitude rather than frequency
and anplitude of formants. "In physiological terns, he achieving
vowel differentiation by excessive |aryngeal variation with only

mninmal articulatory variations".

It appears that nean fundanmental frequency and its variants
i n deaf speakers is Belated in a conpl ex manner to fundanent al
frequency in hearing speakers. Abverations of fundanental fre-
guency contour may be a nore characteristic abnornmality of deaf
speech than abnornalities of nean fundanental frequency its
variance = = . . fundanental frequency affects perception of a
vari ety of speech contrast types including, voicing, vowel quality,
and a variety of linguistic boundaries (K nbrough ot her and

Rebecca, Eilers, 1981).

Pitch is a difficult property of speech for deaf children
tolearnto control. (Boothroyd, 1970). One possible reason
for the difficulty is that deaf children may | ack a conceptua
appreci ation of pitch (Anderson, 1960; Martony, 1968). A lack
of the intuitive gray of the concept nmay hel p expl ai n when deaf
children often attenpt to raise their pitch by increasing their

vocal intensity (Phillips, Remllard, Bass, and Pro-ovest, 1968).
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Most often phonation of a vowel is considered for neasuring

fundanent al frequency.

But the fundanmental frequency of phonati on may not al ways
represent the fundanental frequency used in speech. Hence a sepa-

rate eval uation of speaking fundanental frequency is inportant.

This too has been studied by various investigators as a
function of age and sex; both in norrmals and in cases w th various
pat hol ogi cal conditions |ike cerebral palsy (Duffy, 1954);
nongol oi ds (Hol I'i en and Copel and, 1965; M chael and Carney, 1964;
Mcintire and Dutch, 1964; Strazulla, 1953; Benda, 1949; Wi nber g,
and Zl atin, 1970; Montague, Brown and Hol | i en, 1974), aeronegal y
(Wi nberg, et al 1975); stutterers (Heal ey, 1982); Schi zhophrenies
(Burk and Saxman, 1968) and various pat hol ogi cal conditions of
| arynx (Ship and Hunti ngton, 1965; Miurray, 1978; Murry and Doherty
1980; Sawashima, 1968).

Bohme and Hecker (1970) reporting the age dependent vari a-
tions of nean speaking fundamental frequency in nornals indicate
t hat nean speaki ng fundanental frequency decreases with age upto
the end of adol escence. A marked | owering takes place during
adol escence in nen. In advanced age, it becones higher in man

but is slightly lowered i n worren.

A study of mean nodal fundanental frequency in reading in

200 young bl ack adults between 18-29 years, showed | ower nean nodal
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fundanental frequencies (i.e. 110.15Hz in mal es and 193. 10Hz
in femal es) when conpared to simlar white popul ati on studied

by Fitch and Hol brook (1970).

Hol lien and Shipp (1972) present data on the nean speaki ng
fundanental frequency of 175 nmal e tal kers ranging in age from
20 - 89 years nean frequency | evel s by age decade show a progre-
ssive |lowering of speaking fundamental frequency fromage 20-40 wth
arisein level fromage 60 through the 80s. In the 20-29 years
range t he nmean frequency is reported to be 120Hz. Thi s val ue
(120Hz) obtained for the 20-29 year ol ds agrees (1) best with the
data reported by Hanl ey (N=27, nedian freq. = 128. Hz) for a popu-
| ati on of about the sane size and age. (2) reasonably well for
a | arger and younger group studied by Hollien and Jackson (N=157,
Mean freq. = 128 Hz, nean age = 21 years), and (3) Poorest
(tut still not in conflict) with studies by pronovest (N=6, Mean
freq. =132 Hz) and by Phil hour (N=24, Mean freq. - 132 Hz).

The results indicated by M chel, Hollien and Mbore (1965),
studyi ng t he speaki ng fundanmental frequency characteristics of
15-, 16- and 17- year old girls, in order to determne the age
at which adult fenal e speaking fundanental frequencies are estab-
| i shed, showthat fenal es attai nadult speaking fundamental fre-

guenci es by 15 years of age.

Rashm (1985) in her study reports that thereis very little

change in the SFF as a function of age in nmales upto the age or
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14 years at which age a sudden decrease in SFF is observed (from
around 240 Hz in 13-14 years group to about 170Hz in the 14-15
years group) but thereis little change in the SFF in the fenal es

with increase in age.

In the hearing inpaired speakers, due to |ack of proper
feedback, an inability to control the SFF is seen. Meckfessel
(1964) and Thornton (1964) reported SFF data for 7- and 8- year
ol d hearing inpaired speakers that were higher than val ues for
normal |y hearing speakers. Ernovick (1965) and G uanewal d (1966)
reported val ues that were equal to or lower than val ues for

nornal | y hearing speakers.

Meckf essel (1964) and Thornton (1964) reported SFF val ues in
post - pubescent hearing inpaired nmal es that were higher than those
obtai ned for normal | y hearing post-pubescent mal es, while values
obtai ned by G een (1956) were simlar to those for nornal hearing
mal es. For hearing inpaired fenal es. Green (1956) reported hi gher
val ues than for normal hearing femal es, while Ernovick (1965) and

QG uenewal d (1966) reported val ues that were simlar.

A | bert and Canpbel I (1980) studied SFF in three groups
(4 to 6 years 8- to 10- years and 16 - 25 years) of hearing-
I npai red individuals, and reported that the val ues were higher in
t he hearing-inpaired groups when conpared to val ues reported in

the literature for nornally hearing individuals of the sane age

and sex.
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A di screpancy, then, exists as to whether or not there are
di fferences in SFF val ues between nornally hearing and heari ng-

i npai red speakers of the sanme age.

Anot her factor that may influence SFF is nethod of comu-
nication. Oralinu versus total comrunication. G een (1956)
studied the effects of these two nethods of conmunication on 8-12
and 16-21 year ol d speakers and found that the differences between
the two schools were not statistically significant. But the
study by G | bert and Canpbell (1980) in their popul ation of
children between 4-6 years and 8-10 years showed that the hearing
impaired children fromthe oral school for the deaf had speaking
fundanental frequencies which were closer to val ues exhi bited by
normal hearing speakers than that in the total communication

school as shown bel ow

Mean speaki ng fundanmental frequency

4-6 years 8-10 years
Nor mal hearing speakers 280. 62 264. 83
Hearing inpaired (O al
school) 316. 30 281. 21
Hearing inpaired (tota
comuni cation school) 351. 85 362. 58

The difference between schools may be explained in part
by the work of Pollack (1964). The hearing inpaired child
trained in total conmunication expressed hinsel f/ herself through
signs, finger spelling and speech. Pollack (1964) stated that

when conflicting or conpeting "attention tendencies" are present
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(attending to correct production of signs and finger spelling,
as well as voi ce production), one "tendency" receives nost of
the attention at the expense of the other. It may be assuned
therefore that the child' s concentration on the correct produc-
tion of signs and finger spelling detracts fromhis or her
ability to self-nmonitor his or her voice through the aid of
residual hearing. At an oral school, there is greater enphasis

on speech training then at a total communication school .

As may be seen fromthe follow ng table (Table 2.1) data
reported in the literature for preadol escent hearing-inpaired
speakers, indicate |ower fundanental frequency val ues for fenales
(Ernovi ck, 1965; G uenewal d, 1966) and val ues for mal es whi ch
were either simlar to (Meckfessel, 1964) or higher than those

attained by @l bert and Canpbel|l (1980).

I n post pubescent hearing inpaired nmal e and fenal e speakers,
again differences are seen. |n post-pubescent nal es G een (1956)
and G | bert and Canpbell (1980) reported hi gher SFF (about 20Hz)
than in normals of that age group as reported by Hollien and Shipp
(1972). But Meckfessel (1964) and Thornton (1964) reported still
hi gher SFFs. In post-pubescent fenales, Ernovick (1965),

QG uenewal d (1966) and G | bert and Canpbel |l (1980) reported al nost
simlar val ues which was about 30Hz hi gher than that reported for

normals. But Green (1956) reported val ues that were still higher.
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Table-2.1, Mean SFF in Hz reported in literature for hearing-
| npai red speakers.

Resear cher Age Sex Mean SFF in Hz.
Al bert & Canpbel | (1980) 4-6 Mal e 345. 88
Femal e 329.51
Meckf essel (1964) 7-8 Mal e 289
Thor nt on( 1964) 3-8 Mal e 329
G eenewal d (1966) 7 -8 Femal e 246
Er novi ck(1965) 7-8 Femal e 252
Gl bert & Canpbel | (1980) 8 - 10 Mule 305. 53
Femal e 306. 53
Q een(1956) 16 - 21 Male 155. 87 CTaI?
148. 96 éTbta commt s.
Femal e 314.39 (ora
335.57 (total commis.
Meckf essel (1964) 17 - 18 Male 184
Thornton (1964) 17 - 18 Ml e 193
G eenewal d( 1966) 17 - 18 Fenale 225
Ernovi ck (1965) 17 - 18 Fenule 256
Gl bert and Canpbel | 16 - 25 Male 141. 73
(1980) Femal e 242. 33
Ingrisano et al (1975) 4-5 Mal e 272. 69
Fenmal e 286. 23
Vi nberg & Zl atin(1973) 5 Mal e 252. 4
5 Fenal e 247. 6
6 Mal e 247. 3
6 Femal e 247.0
A | bert & Canpbel | (1980) 4-6 Mal e 272. 69
Fenal e 288. 56
Fai r banks(1949a) 7 Mal e 294
8 Fenal e 297

contd. ..
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Resear cher Age Sex Mean SFF in Hz
Fai r banks(1949b) 7 Female 281
8 Fenale 188
Meckf essel (1964) 7-8 Mal e 292
Thor nt on( 1964) 7-8 Bal e 302
QG eenewal d( 1966) 7-8 Fenale 236
Er novi ck(1965) 7-8 Female 245
G | bert & Canpbel | (1980) 8-10 Mal e 263. 44
Femal e  266. 22
Curry (1940) 10 Mal e 269. 7( Medi an)
Duf f y(1958) 11 Femal e 258
Holllen et al (1965) 10 Mal e 235. 4
Mchel et al (1966) 15 Female 207.5
16 Female 207.3
17 Female 207.8
Hol I'i en & Paul (1969) 15 Female  215.7
16 Female 213.9
17 Female 211.9
Hol lien 6 Shipp(1972) 20- 29 Mal e 210

Few studi es have been carried out to note the changes in
fundanental frequency in Indian Population with/reference to age
(Samuel , 1973; Usha, 1978; Gopal, 1980; Kushal Raj, 1983;
Rashm , 1985) and no study as yet onthe speaki ng fundanenta

frequency in the deaf popul ation.

It becomes all the nore inportant as at present, nean SFF

I s nmeasured as a clinical test value (Hrano, 1981).

Further such an information woul d be useful inproviding goal

for therapy wth deaf. Therefore the study of FF in phonation and

SFF will be useful.
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Maxi mum Phonation Ti ne ( MPT) :

Maxi mum durati on of phonation has been used as a di ag-
nostic tool for sone tine. A significant reduction bel ow

nornmal |evels can be related to inadequate voi ce production.

Yanagi hara and Koi ke (1967) say that MPT is achi eved by
t hr ee physi ol ogi cal factors:

1. Total air capacity available for voice production

2. The expiratory power

3. The adjustnent of larynx for efficient air usage i.e.

the glottal resistance.

Wil e Arnold (1955) considers MPT to be a good criterion
for general quality of voice which canbe determned inmediately,
Yanagi hara (1966) considers it to be a good index of efficiency
of the vocal function. It can provide infornation about an
individuals efficiency in using the respiratory systemfor
phonation. Gould (1975) stated that MPT gives an indication of
the overall status of |ryngeal functioning and of the tension

I n |arynx.

Several authors have suggested "norns" for MPT. But there
Is a wde variation between the norns suggested by different
authors even in a particular age group. Wile Van R per (1963)
suggests that normal voiced individuals should be able to sustain
afront, mddl e and back vowel for at |east 15 seconds w t hout
difficulty; Fairbanks(1960) reported a nornmal duration of 20 to

25 seconds.
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This |lack of agreenment anong voi ce experts has |ed severa
I nvestigators to study variabl es which affect MPT. Vari abl es
I nvestigated include vital capacity and airflow rate (Yanagi hara
et al, 1966; Isshiki, et al 1967; Yanagi hara, and Von Laden,
1967; Beckett, 1971); Vocal pitch and intensity(P acek and
Sanders, 1963; Yanagi hara, 1966; Yanagi hara and Koi ke, 1967),
sex (Placek and Sanders, 1963; Yanagi hara, 1966; Yanagi hara and
Koi ke, 1967; Yanagi hara and Von Laden, 1967; Coonbs, 1976), age
(Lanner, 1971; Coonbs, 1976;) and hei ght and wei ght (Lanner,| S71)

Sone of the other variables that are studied are: 1. The
amount and kind of training an individual has undergone Lass
and Mchel (1969) indicated that the athletes do better than non-
athletes and trained singers do better than non-singers. However
the results obtained by Sheela (1979) were not in agreenent with
t he above findings, in that she found no significant relationship
between MPT in trained and untrained singers. The MPT ranged
from 15-24 seconds in trained singer and 10-29 seconds in un-

trai ned singers.

The position of the individual while phonating has been
consi dered as another variable. Sawashinma (1966), however found

no significant difference in MPT in standing or sitting positions

The nunber of trials used to obtain MPT i s consi dered anot her

factor, however nost of the studi es have been based on t hree
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trials (Yanagi hara, 1966; Yanagi hara and Koi ke, 1967,
Yanagi hara and Von Leden, 1967; Lanner, 1971; Coonbs, 1976).
Sanders (1963) found MPT with 12 trials and found no difference
between the 1st and 12th trial.

Stone (1976) indicated that adults denonstrated greater
MPT for /al/ when fifteen trials were used. Lewi s, Casteel and
McMohan (1982) have found that the practice of utilizing three
trials to determne MPT is inadequate, for it does not represent
a 'true' nmeasure of the MPT. They report that it was not unti
the fourteenth trial that fifty percent of their subjects produced
t he maxi num phonation and not until the twentieth trial, did
all their subjects produce MPT, The authors believe this finding
to be not only statistically significant but also nore inportantly

clinically significant.

Shigenori (1977) investigated MPT in school children
(Table 2.2). The MPT was found to increase with age. The
di fference between nales and fenal es was not significant except

anong t he seventh grade chil dren.

Lawner (1971) neasured MPT for /a/, /u/ and /i/ in children
aged 9 through 17 years. There was no statistically significant
di fference between the three vowels. Phonation tine increased
wi th age increase and boys had | onger sustai ned phonation tine

than girls (Table 2. 3).



G ade Level Sex Aver age Range
M 14. 2 9.6 - 22.0
Ist Grade F 13.1 9.0 - 20.6
Tot al 13.6 9.0 - 22.0
M 16. 2 10.0- 21.2
2nd G ade F 15. 2 9.2 - 20.6
Tot al 15.7 9.2 - 21.2
M 19. 2 13.0 - 32.8
3rd G ade F 16. 3 9.4 - 26.0
Tot al 17.7 9.4 - 32.8
M 23.7 10.8 - 46.5
7th G ade F 19. 8 13.6 - 34.8
Tot al 21.7 10.8 - 46.3

Tabl e 2.2: Normal values of MPT (in seconds) in children
(Shiganori, 1977).

Ti me (Secs)
Age
F M

9 8.8 11. 4
10 9.4 10. 4
11 11.5 12.8
12 12.2 12.2
13 11.0 12.3
14 13.3 17.6
15 12. 4 18.9
16 12.9 17.8
17 13.5 16. 9

Tabl e 2. 3: Averaged MPT in seconds for /a/, /i/ and / u/
(Launer, 1971).

dinically MPT val ues snaller than 10 seconds, should be
consi dered abnormal (H rano, 1981). Sawashi na (1966) reported
t hat phonation | engths bel ow 15 seconds in adult males and 10

seconds in adult fenal es shoul d be regarded as pat hol ogi cal .
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The rational e for thi s measur e has been gi ven been
(1959) who wote that this sinple test gives infornation the
efficiency of the pneunophoni ¢ sound generation in the |arynx.
He further states that "it also denonstrates the general state
of the patient's respiratory coordination". This statenent
can be nodified to say that this mneasure can denonstrate the
general status of patient's respiratory coordination, but nore
accurately indicates the relative efficiency of the pnennol aryn-
geal interaction (Mchael and Wendahl, 1971). It is al so useful
I n assessing the phonation quotient and the Mean Airflow rate,
which in turn is found to be inportant diagnostic and therapeutic
i ndicators. The neasurenent of this paranmeter is speakers with
hearing | oss, would provide infornmation regarding their ability
to use the respiratory and phonatory system Thus it nmay be used

a diagnostic as well as therapeutic tool.

Rise and fall tine of phonation:

I mai znm et al (1980) while investigating the possibility
of utilizing a sound spectrography for a multidi nmensional analysis
of pathol ogi cal voices, neasured therising and falling tine of
sustai ned vowel s as two of the paraneters, anong the nine acoustic
paraneters studied. These two paraneters were neasured on an
anplitude display. The rising tinme was defined as the tine
required for the increase in overall anplitude froma val ue of
10%of the steady level to 90% The falling tine was defined as

thetime span required for the decrease from90%to 10% of the
steady | evel.
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Howel | and Rosen (1983) neasured the rise time of voice-
| ess affricates and fricatives, when the test material accured
In sentences, in isolated words and in isol ated non-sense
syllables. The rise tine of affricates was significantly
shorter than those of fricatives. Risetine varied wth the
type of test material and for all types of material it was
significantly | onger than those reported by Gerstnman (1957).
They al so printed out that because rise tine varied with the
type of test material, no auditory sensitivity at a single rise
tinme val ue can be responsi ble for the perceptual distinction

bet ween voi cel ess affricates and fricati ves.

Many pat hol ogi cal conditions are nore apparent during the
transi tional phase of phonaton, including the onset and the
termnation of phonation and hence of speech. In this connection
further extensive clinical and basic research is required

(Hrano, 1981).

Rashm (1985) testing rise tinme and fall tine in phonation

is 220 children from4 to 15 years nornmal children found a gradua
decrease in rise-tine of phonation of vowels /a/ /i/ and /u/ with
increasing age in both males and fenal es, except for a slight
increase in rise tine seen in9-10 year old group of nmal es and
10-11 year old group of fenmales and finally no difference observed
between nal es and fenal es studied. Unlike rise tine, the fall
time showed an increasing trend in both nmales and fenal es and no
significant difference between males and females. This may indica
the control over the phonatory and respiratory system achi eved by

t he i ndi vi dual .



2.25
Inspite of the fact that these neasurenent are sinple and
i nportant, no study has been done to note the change in this
paraneter in pathological cases. So it was taken up in the prese

study with hard of hearing.

Har moni cs:

The speech spectrumis concerned with the frequency and
intensity of each overtone (harnonic) of the speechwave. Even
19th century speech scientists were aware of the inportant
contributions these overtones nmake to the intelligibility of
speech. Over the year therefore, many investigations of the
speech spectrumhave been nade. Results from average speech
spectrum anal ysis reveal that "speech energyis generated roughly
from50 to 10, 000Hz. The energy is greatest in the 100 to 600Hz
regi on, which includes both the fundanental conponent of the

speech wave and the first formant" (Denes and Pi nson, 1963).

Unli ke the tuning fork, nost sound sources produce vibra-
tions that are conplex. Rather than vibrating in sinple
har moni ¢ noti on, they nove in a conpl ex manner, consisting of
nore than are frequency. If the vibration is conplex and
repeats itself its called periodic, and aperiodia, if the

vi brations are random

Peri odi ¢ conpl ex vi brations produce signals in which the
conponent frequencies are integral multiples of the |owest

frequency of pattern repetition, or Fo. |In physics, the Fo
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Is considered to be the first harnonic. Whereas in nusic the

first multiple (2 time the Fo) is called the first harnonic.

I n an aperiodi c conpl ex wave, the frequencies are not

harnmonically related as they are for periodic sounds.

The human voice is a | owfrequency sound, conpared to
nost ot her sounds, including those which the humans, nake above
the larynx. since it contains nmany harnonics, the voice is also
a conpl ex sound. The |lowest frequency in the voi ce spectrum
(Fo) sets up a second harmonic (2Fo), a third harnonic (3Fo) and
so forth. It is characteristic of the hunan voice that the
hi gher harnoni cs have less intensity than the | ower ones, so that
al though t he voi ce contai ns nmany hi gh frequency conponents, the
enphasis is on the lowfrequencies. The intensity falls at

12dB per oct ave.

A maj or difference between the sound of a |ow frequency and
hi gh frequency voice is due to the difference in the spacing of the
harnmonics. Achild with a Fo of 350Hz woul d have a second
harnonic at 700Hz, a third harnonic at 1050 Hz and a fourth at
1400Hz. In contrast, anman with a Fo at 150 Hz woul d have a second
harnoni ¢ at 300Hz and the ninth harnoni ¢ woul d correspond cl osel y
with the child s fourth harnmonic. In the sane way, a single
person adjusting the frequency of his voice al so changes the

har noni ¢ spacing. |In speech sone of these harnonics are enphasi zed
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because of the resonant characteristics of the vocal tract. The
high energy overtone are called formants. These give the voice

a certain quality, which is an important clue in speech perception

The harmonics produced in phonation or speech have been
measured using narrow band spectrographs and high resolution

signal analyzer.

The richness of high frequency harmonics of sustained
vowels was used as one of the acoustic parameter for the multi-
dimensional analysis of voice, by Imaizumi et al (1980). They
adopted a ratio of the mean level of the frequency range between

3.5 and 4.5 KHz to that below 1KHz, using a section display.

It has also been studied by different authors for understanding
and classifying vocal efficiency (schultz-Coulan et al, 1979);
hoarseness (Yanagihara, 1967); roughness of voice (Emannel and
Whitehead, 1979); nasality (Dickson 1959) and infant cries
(Illingworth, 1955; Sedlackona, 1964; Makoi et al, 1972; Tankova-

Yampolskaya, 1973).

Frokjaer-Jenson and Prytz (1976) obtained the o-parameter,
defined as the distribution of amplitude above 1000Hz relative
to amplitude below 1000Hz in a patient with unilateral laryngeal

nerve paralysis, before and after therapy.

Rashmi (1985) studying o-parameter in normal male and
female children between 4-15 vyears of age found the following
results:

1. The energy level above 1000Hz is less than the energy level

below 1000Hz.
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2. The o-parameter shows no significant difference till the
age of 9 years in both males and females. The females Who
have shows some difference fall in the 9-14 years range
while males fall in 9-15 years range.
3. There is no significant difference in the NT-parameter

between males and females in the age range of 4-15 vyears.

The results therefore indicate that with the onset of puberty
there is change in the voice quality, which again may be attri-
butable to the increase in volume and other changes in the supra-
glottal resonators, which might lead to an increase in noise
components in the higher parts of the speech spectrum, thereby,

suppressing the harmonics.

No information is available to the present investigator
regarding the harmonic distribution in the voice of the hearing
impaired speakers. A study of harmonic distribution in the voice
of the hearing impaired speakers would show not only the phonatory
behaviour but also contribution of supraglottal resonators to the
voice. It is often stated that the hearing impaired speakers
tense their phonatory andresonatory muscles. Therefore it was
considered that will be interesting and useful to study the

harmonic distribution in the voice spectra of speaking with hear-

ing-impairment,

Intensity range in bhonation and speech:

Empirically it is well known that disorders of vocal inten-

sity constitute one of the important components of voice disorder.
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However neasurenent of vocal intensity, as a clinical diagnostic
tool has not proved as popul ar as that of fundanental frequency

in voice clinics.

However Wat ancbe et al (1977) reported of two patients with
| aryngeal pol yps and | aryngeal cancer, who showed no abnornali -
ties in routine study of vocal intensity. They, therefore
stressed the inportance of vocal intensity as a paraneter in

show ng phonetic dysfunction.

Study of intensity changes reveal s the speaker's perception
of physi cal and psychol ogi cal distance. Increasing or decreasing
total speech power, as discussed by Mol and Uhl enbach (1956),

I's one of the neans of achi eving dom nance of syllables, words
and phrases. Changes of energy signify degrees of enotiona

I nvol venent such as shouting when angry.

Danste (1970), Komyana (1972) and Col eman et al (1977)
proposed a graphic representation of the fundanmental frequency
intensity profile. The graph mas naned "phonetogram " by
Danste and "phonogrami by Kom yana. Rauhut et al (1979) proposed
theterm "Voi ce area" for the representation of nmaximal or mninma

intensity of voice as a function of pitch.

Col eman (1979) in a study of the Fo sound pressure | evel
profile of adult nmales and fenal es, noted an increase in SPL

with an increase in frequency upto a certain limt, after which
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decrease is seen with further increase in frequency. GCenerally,
nost subjects’ Fo - SPL profiles manifested a change in both
m ni num and maxi nrum SPL curves at 60 to 80%SPL | evel. Accord-
ing to Coleman et al (1977) the average intensity range of
phonation (in SPL re: 0.0002 dynes/cm) at a single Fo is 54.8

dB for male and 57 dB for fenal e subjects.

Col eman and Mott (1978) found | ower SPL ranges for fenal e
children (10-13 years) than those for adult fenales. Further,
t hey observed that the nusical range, in terns of Fo, and SPL
Is nore restricted, i.e., it lies within the boundaries of the
physi ol ogi cal range. The mean physi ol ogi cal SPL range was found

to be 159 dB, while t he mean nusi cal SPL range was 58dB.

Rashm (1985) in her study of intensity range of phonati on,
in children from4-15 years of age found the follow ng results:
1. The intensity range in the phonati on of vowel decrease s
as a function of age in nal es.

2. The range shows no difference as a function of age in
femal es.

3. Asignificant difference between nales and fenales is seen in
t he younger age groups, upto about 10 years, after which the

difference is no longer significant.

The difference in the intensity range of speech between

mal es and fenales at particular age |evels is inconsistent.
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The intensity range of phonati on and speech in the hearing-
inpaired was studied to find out if this paraneter varied from
the normals and if so, inwhat way. This could be helpful in
understandi ng the intensity paraneters of speech and increasing

the intelligibility by reducing the differences if any.

Vowel duration:

The literature contains very little about such gross aspects
of speech timng as the duration of vowels and consonants
(Kent, 1976).

Normal 'y children produce especially |ong words and vowel s.
Naeser (1970) observed that vowel s produced by 2 and 3 years old
children were longer than those of their parents. Smth (1976)
provi ded quantitative data based on instrunmental analysis of speec
production in 2 years old, 4 years old and adults. The results
suggested that 2 year old vowel s were 20-30%]1 onger than adults
and 4 year old s vowel s were 10- 20%]l onger than adults. More-
over the differences were consistent across several consonants

envi ronnents al so.

D Sinmoni (1974) naking oscil | ographi ¢ nmeasurenents of vowel
and consonant durations in C/C and VCV utterances of children
3- 6- and 9- years concluded that: -
1. Variability of the durations tended to decrease with age, a
result which parallels the age related variances in the study of
Egnchi and H rsh (1969).
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2. The vowel duration in the voicel ess consonant environnents
remai ned relatively constant for all ages tested, while in
voi ced consonant environnents it was found to increase with
age.

3. Vowel durational val ues conpared for both voiced and voi ce-
| ess consonant environnents were found to be significantly
different in six and nine year old subjects, but not in 3
year ol d subjects. Durational differences already begin to
appear by age 3, although the differences do not reach stati -
stical significance until age six. DS noni interpreted
hi s data as evi dence of a devel opnental pattern in which the
control of duration changes rapidly in the period between

3 and 6 years.

Rashm (1985) in her study with 220 children, both nmats
and femal es, from4-15 years, studying duration of vowel /i/ in
aword /idu/ reports that both nmal es and fenal es dhow a decrease
in vowel duration with increase in age. In nales it decreases
from154-08 msec. at 4 years to 60.66 msec. at 14 years, and
this decrease is statistically significant upto the age of 11 year;
after which it is not significant though it does show a decrease
in pitch. In fenal es the nean val ue decreases from167.63 at 4 years
to 70.40 at 14 years, and the decrease in significant till the age
of 9 years. From10-13 years it is not significant. The 14-15
years group show significantly |ower val ue than groups bel ow 12
years. After the age of 12 years the decrease in vowel duration

IS not significant.
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Kent (1975) concludes fromareviewof literature (esp.
Tingley and Allen, 1975) on the topic of variability in
chi |l dhood speech timng that by 8-12 years adult like stability

I S achi eved.

Duration of individual segnments differ widely fromthe
averages of vowel duration of different vowels in a | anguage

due to systenatic influence of phonetic and syntactic environ-=

nments.

Sonme of the factors that can influence the durational struc-
ture of a sentence are (Klatt, 1976): -
- Extra linguistic:
Psychol ogi cal and physical state (WIllians and Starens, 1972)
Speaki ng rate (Huggi ns, 1964; Col dman E sler, 1968).
- Discourse |evel:
Position wi thin a paragraph (Lehiste, 1975).
- Semanti c:
Enphasi s and semantic novelty (Coker et al, 1973)
- Syntacti c;
Pnrase structure lengthening (Martin, 1970; Kl att, 1975)
- Wrd | evel:
Ward final |engthening (Lehiste, 1972; Gler, 1973)
- Phonol ogi cal / phoneti c:
| nher ent phonol ogi cal duration of a segment (Peterson and

Lehiste, 1960).
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Effect of linguistic stress (Parnenter and Travi no, 1936).
Ef fect of post-vocalic consonant (House and Fairbanks, 1953).
Segnental interactions, for eg. Consonant clusters (K att,
1973; Haggard, 1973).
- Physi ol ogi cal :
I nconpressibility (Klatt, 1973).

In addition to these factors, Lyberg (1981) reported a
strong rel ati onshi p between duration and t he Fo change. However,
he further goes on to say that the Fo contour can never be a
secondary effect of segnent durations and that it seens quite
| npossible to generate the Fo contour only fromthe durationa

val ues.

Lee (1978) has reported that the difference in duration
between the tone classes is prinmarily determned by the shape
of the Fo contour. The intrinsic duration of a vowel in a tone

| anguage is conditioned by the tone that the vowel carries.

Nataraja. and Jagadeesh (1984) have shown a rel ationship

between Fo of voice and vowel duration and also it is hypothesized

t hat vowel duration would vary with age.

On t he ot her hand, Nooteforem(1972), Cooper (1976),
Li ndblomet al (1976) and Lehiste (1976) have observed the dura-

tion to be independent of the Fo contour.

Measurenments of vowel duration has been nmade using oscill o-

granms, spectrograns, electrokynographic tracings and conputers.
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Vowel duration in deaf speakers appear to be overlong by
a much greater than seen in normal 2- or 4- year olds. Calvert
(1961) found the duration of initial unstressed vowel s were
nearly five times as great in deaf as in nornally hearing speaker:
Furthernore stressed vowel s were nearly twi ce as long in deaf

as in hearing speakers.

Judging fromCal vert's data, deaf speakers nmay have a pecu-
liarly high instability of vowel and consonant durations. As an
indication of the variability, Calvert (1962) presents ranges.
For exanple, duration of unstressed vowel s before plosives ranged
fromless than 180 to 800 msec for deaf subjects. Conparable

durations on hearing adults ranged from 25-180 m sec.

It is not clear why the deaf should have particular diffi-
culties with timng of speech events, prolonging themand produc-
ing apparently high variability of timng. One possibility is
that they depend heavily upon vision and that vision sinply does
not operate in as rapid atine frame as audition (Carlson, 1977;
Ganong, 1979). Another possibility is that auditory feedback is
necessary for rapid snooth production of conplex notoric sequences
of speech (Lee, 1950) and that hearinginpairnmentslimts the
necessary information too severely, requiring a general slow ng
of the mechani smof production and inposing high instability upon
timng. Therefore the present study is al so considering the vowel

duration in the speech of hearing-inpaired.
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Frequency range in phonati on and speech:

Duri ng speech, the fundanental frequency of phonation
varies. This range is called the speech range or the speech
frequency range (Hrano, 1981). The patterned variations of
pitch over linguistic units of differing length (syllables,
wor ds, phrases, clauses, paragraphs), yieldthecritical
prosodi c feature, nanely intonation (Freeman, 1982). Variation
In Fo and the extent of range use also relate to the intent
of the speaker as discussed by Fairbanks and Pronovost (1939),
More specifically, the spread of frequency change use corres-
ponds to the nood of the speaker, that is, as Skinner (19 35)
reports, cheerful aninated speech exhibits greater range use,
than serious, thoughtful speech. Changes in duration and Fo
during syllable el ements of words are basic to the nel ody and
rhythmpatterns unique to English. Stressed syllables are
percei ved as being higher in pitch than unstressed syll abl es

(Freenman, 1982).

In ternms of devel opnental changes in the range or varia-
bility of Fo, relatively little is knowmn. Mst of thelite-
rature on the new bominfants cry appears to have the capability
of attending this range appreciably in either direction. R nge
and Kl uppel (1964) reported a range of 290-508Hz for ten infants
aged 4-10 hours. Fairbanks (1942) observed a range of 15 3-888Hz

for an infant in the first nouth of life and a range of 63-263| Hz
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for the first nine nonths of life. MQone's (1966) investiga-
tion of children aged between one and two years reveal ed a total
range of 16.2 tones, or about two octaves. Van Cardt and Drost
(1963) concluded froma study of 126 children in two age groups
(0-5 years and 6-16 years) that ".... even in very young children
t he physi ol ogi cal range of the voice has a broad, al nost"adult"
range...." and that, the change in the frequency of the speaking
voi ce parall el s that of the | owest reachabl e physiol ogi cal tone..
Their data indicate that even young children have a Fo range

of two and one half to three octaves. If a conclusion is forced
fromthese rather limted data, it would be that the range of
vowel frequency does not change appreciably during maturation

(Kent, 1976).

The di scovery that Fo variability dimnishes with age has
inportant inplications for the quantitative investigation of
speech devel oprent. It is not known at what age this apparent
refi nenent of control begins to occur (Kent, 1976). Sheppard
and Lane (1968) in a study of infants during the first 141 days
of life, reported a rather small and constant variability in Fo
val ues. However Presscott (1975) discovered snall devel oprent al
increases in the Fo variability within the first nine nonths of
life. Possibly at the same tine that a child gains control over
t he accuracy of his laryngeal adjustments, he begins to vary Fo
to achieve intonation like effects. O course to sone degree,
accuracy of adjustrment is requisite to controlled variation. Con-

cerning this subject, studies of infant intonation have reveal ed
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evidence that definite patterns are established during the

first year of life (Kent, 1976).

Rashm (1985) in her study with 220 children from4-15
years found the following results with respect to frequency
range : -

1. The frequency range in phonati on decreases as a func-

tion of age in both nal es and fenal es.

2. Asex difference is seen at sone age groups.

The findings on the frequency range i n speech as foll ows: -
1. The nmal es show a decreasing trend in the frequency
range of speech with increasing age.
2. The fenmales al so exhibited a reduction in range of
frequency as afunction bf increasing age.
3. The difference in frequency range used by mal es and

femal es are i nconsi stent.

One of the nost extensive study on variability of Fo is
that of Eguchi and Hrsh (1969), who collected data for 84
subj ects representing adul thood and the age | evels of 3-13 years,
at one year intervals, for thevowls/i/,/ael /ul, /s/, [ al and
/| D/, as produced in the sentence contexts. The variability of
Fo progressively decreased with age until a mni numwas reached
at about 10-12 years. This is taken as an index of the accuracy
of the laryngeal adjustment during vowel production, then the

control inproves continuously over a period of at |east 7-9

years.
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Hudson and Hol brook (1981) studied the fundanental
frequency range in reading, in a group of young bl ack adults,
age ranging from18 to 29 years. Their results indicated a nean
range from81.95 to 158.50Hz in nmales and from 139.05 to 266. 10HZ
in females. Conpared to a simlar white popul ati on studi ed by
Pitch and Hol brook (1970), the black popul ati on has greater
nean frequency ranges. Fitch's white subjects showed a greater
range bel ow t he nean nmade than above. This behavi our was
reversed for the black subjects. Hudson (1981) pointed out that
such patterns of vocal behavior nmay be inportant clues which

alert the listener to the speaker's racial identity.

Mcd one and Hollien (1963) studying the pitch characteri -
stics of aged wonen, 65 to 79 years, reported that wonen's speak-
ing pitch variability changes little wth advancing age. However
Stoicheff (1981) reported an increase in variability of Fo in
post menopausal adults, which was interpreted as indicating

decreased | aryngeal control over Fo adjustnents.

General concl usions about the diagnostic value of Fo vari a-
bility are difficult to nake because such neasurenents are hel p-
ful 1n certain pathol ogical conditions but not in others

(Kent, 1976).

Frequency range has al so been studied in different patho-
| ogi cal conditions |like laryngitis (Shipp and Hunti ngton, 1965)
vocal fold paralysis (Mirry,1978) and | aryngeal cancer (Mirry
and Doherty, 1980) and also in stutterers (Travis, 1927,
Bryngel son, 1932; Adans, 1955; Gocler, 1961; Laschi nger and
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Duboi s, 1963; Heal ey, 1982; Lechner, 1963; Ram g and Adans,
1981).

Thus the review of literature indicates the inportance of
t he acoustic paraneters of speech in understandi ng the phonatory
and resonatory aspects of the speech of individuals w th nornal

and abnornal speech.

The review of literature has not shown any study regarding
t he anal ysis of various acoustic paraneters |ike:-
- Maxi mum phonation duration
- Fundanental frequency in phonation
- Frequency range in phonation
- Intensity range in phonation
- Rise and tall time of phonation
- Speaki ng fundarental frequency
- Frequency range in speech
- Intensity range in speech
- Intensity distribution of harnonics.

- Vowel duration of /i/

I n hearing-inpaired individuals. However sone attenpts have

been made to study these paraneters in nornal popul ation.

These and ot her studi es have indicated that a nmeasurenent
of these paraneters provide very useful information regarding the
functioning of respiratory and phonatory and resonatory systens
and thus help in diagnosis and treatnent of individuals with

abnor mal speech.
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Therefore it was considered that it will be necessary to
neasure these paraneters in hearing inpaired individual s and
to note the deviations fromnornmals. The information thas
col | ected woul d be useful in describing the speech of hearing
i npaired individuals and in providing specific goals for

therapy with these individuals.

Therefore the present study was undert aken.
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METHCDOLOGY

The present study was planned to neasure the foll ow ng

paraneters in the speech of the hearing-inpaired.

Maxi mum dur ati on of phonati on of vowels.
The fundanental frequency of phonati on.
Rise and Pall tinme of phonation.

Frequency range i n phonati on.

1.

2

3

4

5. Intensity range i n phonation

6. The speaki ng fundanental frequency.
7. Frequency range in Speech

8. Intensity range i n Speech.

9. Vowel duration.

10. Intensity at different harnonics.

Subj ect s :
Fifty three subjects, both males and fenal es studying in

Vi, VI, I X and X standard of Sheila Kothwal a School for the

Deaf, a day school in Bangalore, were taken for this study.

Age group in years No. of mal es No. of fenal es
10 - 15 17 13
16 - 20 14 9

Table 3.1. Showing the distribution of the subjects in this study

Their agerangedfromlltol9years. Thecriteriafor the

sel ection of these subjects was the absence of nental retardation
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respiratory probl emand any observabl e deformties of the nasal,

oral or pharyngeal cavities.

The audi ograns of all the subjects showed a hearing | oss of
60dB HL or nore in 500, 1000, 2000 and 4000Hz.

Sanpl es:

To neasure the sanple of phonation of vowels, the 3 vowels

[al, i/ and / u/ were used.

The fol | ow ng 3 Kannada sent ences were used for collecting
speech sanpl es.

1. idu pa:pu (This is baby)

2. 1du ko:ti (This is nonkey)

3. i1du kenpu banna (This is red col our).
These 3 sentences were chosen as they have used in earlier studies
of the acoustic analysis of the speech of children (Kushal Raj,
Rashm , 1985) and so it woul d be possibleto conpare theresults
of thepresent study and al so provide details about the acoutic

paraneters of the speech of hearing-inpaired.

Recordi ng of the sanpl es:

Al'l the recordings were nmade using a Philips Tape Recorder
( ) wth a built in mcrophone and coney cassettes.
For all the subjects the distance between the m crophone and t he
nonth was kept the sanme (approximately 12 inches). The responses
were recorded in a quiet isolated roomin the building, where

t he noi se | evel was m ni num
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The data was collected in 2 steps:
Step-1. In step-1, the sanple of phonation of vowel s was
recorded. The subjects were given witten instructions in

English as foll ows: -

"Wien | switch on the tape recorder take a deep breath
and say / a/ as longes you can. Do not stop in the mddle.

Next say /i/ and /u/ in the sene way".

A denonstration was done to each subject by the investi-
gator to confirmthat the instructions were understood by the
subject. nly when the investigator was satisfied that the
I nstructions were understood by the subject, the recording
was done. To facilitate proper understandi ng of the task, the

next subj ect ontheli st was nadetowat chtherecordingsof the
previ ous subj ect.

Thr ee phonations of each vowel was recorded. Thus a total

of 9 trials, I recordings of the 3 vowels were recorded.
Step-2: In step-2, the speech sanpl es were recorded.

Three cards, containing each of the 3 sentences, "idu pa:pu",
"“idu ko:ti", and "idu kenpu banna" witten on them were placed
in front of the subject, and the subjects were asked to read

out loudly the sentence to which the investigator pointed,

The witten instructions to the subject were - "Read out

| oudly the sentence, to which | point out now'.

However, the recording was done only after each of the

subject had a fewtrials so that he coul d produce as soon as the
card was pointed to.
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Three repetitions of each sentence was recorded. Thus a
total of 9 sentences i.e., 3 recordings of each of the 3 sentence

wer e col | ect ed.

Thus for each subject, atotal of 18 trials (3 trials of
each of the 3 vowels and 3 trials of each of the 3 sentences)
wer e recorded for anal ysis.

Anal ysi s:

1. Measurenent of nmaxi numphonation duration of vowel s:

The recorded sanpl es of the phonation of vowels were pl ayed
back. The stop watch was started at the initiation of each
phonati on, and stopped at the termnation of each phonation by
the investigator. This provided the phonation duration in second:
The phonation duration for all the three trials of each of
the vowels /a/, /il and / u/ were neasured. The |ongest phona-
tion duration anong the three trials was considered as the
maxi mum phonati on duration in seconds for each vowel for each
of the subjects. Thus the phonation duration for each vowel for

each subj act was obt ai ned.

2. Measurenent of the fundanental frequency:

The sanpl es containi ng phonati on and speechrecordi ng were
transferred fromthe cassettes to the spool type using tape
recorder section of the Voice ldentification |Incorporated, VII-

700 Series Spectrograph. The transfer of signal was done using
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| i ne recording procedures. The followi ng instrunents nere
used for the neasurenent of fundanental frequency.
1. Tape recorder.

2. Pitch analyzer (PM100) (see fig.3.6)

TAPE

KECOKDEK

Fig.3.1 Instrumental set up for the measurement of fundamenta
frequency.

The signal was fed fromthe tape recorder to the Pitch

Anal yzer* (PM 100).

Thi s experimental set up who used for the measurenent of the

fundanental frequency of phonati on.

A satisfactory sanple for analysis, out of the three trials
(for each of the vowels /a/, /il and / u/ which had naxi mumdur a-
tion) was selected. The selected sanplewas fed to the Pitch
Anal yzer as shown in the experinental set up. The mean funda-
nmental frequency was directly read fromthe digital display on

t he screen of the pitch anal yzer.
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3. Measurenent of Rise Tine and Fall Ti ne of Phonati on:

The sanpl e selected for analysis 2 was used for the neasure-
ment of therise and fall tine of phonation also. Wth the
experimental set up used in analysis 2, the initial segnent of
the selected sanple was fed to the upper half of the screen,
on the display screen of the pitch analyzer, while the fina
segnent of the selected sanpl e of phonation was fed to the | ower
hal f of the display screen. The rise-tinme in centiseconds was
nmeasured by noving the cursor fromthe point where the intensity
curve begins (a) to the point to the point where the curve
becones steady (b) The difference between these two points

(a and b) provided therise tine in centiseconds.

Smlarly the fall tine was neasured by noving the cursor
fromthe end of the steady portion of the intensity curve (c)
to the | ast point where thecurve (d) was visible. The diffe-
rence between these two (¢ and d) on the tine scale, was noted

down as the fall tinme in centiseconds.

Thi s was done for all the three vowels. The rise and fall

time for each subject for each vowel was obt ai ned.
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Fig.3.2: Therisetine and fall time of Phonati on.

4. Measurenent of frequency range and intensity range in Phonation

Wth t he experinental set up used in the neasurenent of
fundanmental frequency the sanple selected in Analysis 2 was fad
to the pitch analyzer. The cursor was noved to the hi ghest
point on the frequency curve (occuring on the relatively steady
portion of the frequency curve) as shown in the Fig, 3.3 . The
di fference between these two provided a neasure of the frequency
range used i n t he phonation of each vowel /a/, /i/ and /u/ for

each subj ect.
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Next, with the sane sanpl e of the steady portion on the
di spl ay screen, the cursor was now noved to hi ghest and the
| onest points of the intensity curve as shown in Fig. 3.4
The intensity range in decibels in the phonation of each
vowel was then determned by finding the difference between
the two intensities and noted dowmn. This was done for sanples

of phonation of the three vowel s of each subj act.

f i
|
/"'_‘/.
e,
~

FRE & U

ot

<«~—— TIME —>

Fi g.3.3: The neasurenent of frequency range in phonati on.
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INTE

i i i e B M

MIiN. PIAX,

Fig.3.4: Measurenent of intensity range in phonati on.

5. Measurenent of Speaki ng Fundanent al Frequency:

To determ ne the speaking fundanmental frequency. the sane
experinmental set up as in Analysis 2 was used. The display
duration was set to 2 seconds so that each stimlus sentence
coul d be displayed nore clearly. The stinmulus sentences "idu
pal pu", "idu ko:ti", and "idu kenpu banna" was fed to the pitch
anal yzer one at a tine. The nean speaking fundanmental frequency

for each sentence was directly read using the digital display.
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Thus, the nmean fundanental frequency used for speaking

by each subject was obtai ned for each of the sentence.

6. Measurenent of the Frequency and Intensity range i n Speech:

Wth the sane experinmental set up and stimulus sentence
fed to pitch analyzer as in Analysis 5. The frequency range
used by each subject in speech was determ ned, by noving the
cursor to the highest and | owest frequency occuring in the test
sentence, and finding the difference between the two. This
was found for each of the 3 test sentences, "idu papu”, idu

ko:ti" and"idu kenpu banna".

Al so along with t he measurenent of the frequency range for
each sentence, the intensity range for each of thethree
sentences was al so found by novi ng the cursor fromthe hi ghest
to the lowest intensity points occuring in the sentence. The
di fference between these two, provided the intensity range in

dB, used in each of these sentence, for each subject.

7. Measurenent of vowel duration:

The follow ng instruments were used for the neasurenent of

vowel duration:

1. Spectrograph (M 1-700 series)
2. Hgh Resolution S gnal Analyzer (B&K 2033)

. -

— HRSA
(p4k 2033)

RECORDEK i

"
5
f
|
i

! — 1 |
Pig.3.5 Experinental set up for the measurenent of vowel
durati on.
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The signal was fed fromthe output of the tape-recorder
section of the Spectrograph to the H gh Resol ution S gnal
Anal yzer .

Wth this experinental set-up, the word "idu" fromone
of the stimulus sentences, which was consi dered as "&od" by

the investigator wasted to the HRSA in the tinme nade.

The signal was fed to the HRSA. As soon as the word "idu"
appeared on the display screen, the "stop" key was applied. The
cursor was noved to the point where the vertical striation began,
that is, to the beginning of the envel ope and then to t he end
of the envelope. The difference in mlli seconds between these
two points was recorded as the duration of the vowel /i/ in
"idu". Thus the duration of the vowel /i/ in "idu" as uttered

by each subject was obtai ned.

8. Measurenent of Harnonics:

Wth the above experinmental set-up, and the sane stinmulus
word fed into the HRSA (see fig. 3.6) as in Analysis 7, the
cursor was noved to the mddl e of the envel ope of the vowel /i/
of "idu", and the input function, show ng "Inst.Spectrum was
switched on. This caused the input function to the display
selector to be the instantaneous spectrum The frequency scal e

sel ected was 2000Hz.



Fig.3.6(a) Pitch Analyzer PM 100

Fig.3.6(b) Hi gh Resolution Signal Analyzer
(B&K 2033)
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Peaks wer e seen on the display screen at different frequen-
cies. The cursor was then noved to the peak, in each envel ope.
The first peak corresponded to the fundanental frequency and
the follow ng peaks to the harnonics. The intensity at each
peak nas read directly on the digital display. This value was
added to the reference intensity |level of 60 dB. This provided

the intensity of the harnonics upto 2000Hz.

Thus the followi ng paraneters were obtained for all the
53 subj ect s.

Maxi mum phonati on durati on of vowels.

Fundanent al frequency of phonation

Rise and Fall tine of phonation

Intensity range in phonation.

Speaki ng fundanental frequency

Frequency range in Speech

Intensity range in Speech

Vowel duration and

Har moni cs of vowel/i/ and in "idu".

The obt ai ned val ues were then tabul ated and subj acted to

statistical analysis.



RESULTS AND DI SQUSSI ON

The present study was carried out to nmeasure the foll ow ng
acoustic paraneters in the speech of the hearing-inpaired
popul ati on.

1. Maxi mumphonation duration of /a/, /i/ and /u/

2. Fundanental frequency of phonation of /a/, /i/ and / u/
3. Frequency range in phonation

4. Intensity range in phonation

5. Rse and fall tinme of phonation

6. Speaking fundanental frequency

7. Frequency range in speech

8. Intensity range in speech

9. Intensity levels at harnonics and

10. Vowel duration.

These paraneters were studied both for nmal es and fenal es
In the age range of 10-15 years and 16-20 years. The nean and
the standard deviation of all the paraneters for both nal es and
femal es in each of the age groups were calculated. The signifi-
cance of differences between the age groups in the sane sex and
bet ween nmal es and fenal es were al so det erm ned usi ng Mann- Wi t ney

U Test.

The results and di scussion of each of the paraneter given

her e.
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Fundanment al frequency i n phonation (Fo):

The nean and the standard deviation of Fo of vowels /a/,
/il and /u/ for both males and fenales are provided in Tabl e
4.1 and 4.1(A) along with significance of difference between

mal es and fenmal es for each age group.

The mal es, the conparison of Fo in 10-15 years age group
(referred to hereafter as "younger group”) and 16-20 years age
group (referred to hereafter as "ol der group") indicated a
nean of 218.53; 287.65 and 317.06Hz for /a/, /i/ and / u/ respec-
tively for the younger group and a nean of 197.86, 309.79 and
271.14Hz for the ol der group. Thus the younger group showed a
hi gher nmean val ue for vowel /a/ and /u/, whereas for /i/ the

ol der group showed a hi gher nean val ue.

The standard deviation of /i/ was maxi numfor both younger
and ol der group 108.1 and 102.43 respectively followed by /u/
92.21 and 78.65 and vowel /a/ showed | esser deviation, 79.56 and

59.61

Al so, the older group showed a slightly larger range in Fo
varying from 112Hz to 511Hz when conpared to younger group which
varied from 121-505 Hz.

However, there was a significant difference between the

different age groups in nales in Fo at 0.05 level. Thus the
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hypot hesis that there is no significant difference between

mal es as a function of age was rejected.

The femal es showed a nean of 271.69; 301 and 300.54 Hz
respectively for vowels /a/, /i/ and /u/ in younger group
wher eas t he ol der group showed a nmean of 249, 295.89 and 333. 56Hz
respectively. Thus the ol der group showed a | ower nean val ue

for /al and/i/, and a hi gher val ue for vowel /u/.

The younger group showed a range of Fo from 167Hz to a
hi gher val ue ot 491. Hz, but the ol der group showed froma | ower

val ue to 130Hz to the highest val ue of 417 Hz.

The standard deviation in fenales varied in the younger
group from54.3 for /a/, 69.8 for /i/ and 75.97 for /u/ and in
ol der group from83.69 for /a/, 59.28 for /i/ and 62.3 for /u/.

Thus there was a significant difference between the fenal es
in Fo as a function of age at 0.05 | evel. Hence the null hypo-
thesis that there is no significant difference betwen fenal es

in Fo as a function of age was rejected.

Further, a significant difference is seen between nal es and
females in the younger group(at 0.05 level for /i/ and /u/ and
at 0.01 level for vowel /a/), and also in the ol der group (at
0.05 level for /a/ and/i/, andat 0.01 |evel for vowel /u/).
So the hypothesis that there is no significant difference between

mal es and fermales in Fo is rejected for both the age groups.



4.4
A conparison of the present data with that of the norna-
tive data on Indian popul ati on by George Sanuel (1973), Usha
Abraham (1978), CGopal (1980) and Rashm (1985) indicated that
Fo of Vowel /a/ in 10-15 years age group was closer to the
normal range, whereas Fo of vowels /i/ and / u/ were rmuch hi gher

than that reported for normal s of that group.

I n the higher age group a conparison with results of a
study on norrmal s (Vanaja, 1986), who studied the age group
16- 25 years, the hearinginpaired showed a significant increase

of Fo even at this age group.

This result agrees with that of several investigators
(Augel occi, Kopp and Hol br ook, 1964; Boone, 1966; Engel berg,
1962; Martony, 1968) who have noted that deaf speakers are
apt to have a relatively higher average pitch or to speak in
falsetto voice. Aso it is nore for teenagers than for pre-

adol escents and particularly for adol escent boys.

The difference in Fo between vowel to vowel in some 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 variation to effects by deaf speakers to
differentiate vowel s by varying Fo and anplitude rather than
frequency and anplitude of formants. "In physiological terns,
he is achieving vowel differentiation by excessive |aryngea

variation with only mninal articulatory variation".
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Thus the study of Fo in nales and fenales in the age

group of 10-15 years and 16-20 years revealed the foll ow ng

resul ts: -

1. Inmales, therewas a significant difference between the two
age groups in Fo.

2. In females also there was a significant difference between
the two age groupsin Fo.

3. Asignificant difference was observed between nal es and fenal e
in Fo for both the age group

4. The Fo for vowel /a/ was lowest in conparisonwith /i/ and / u/
which were variable in different age groups for both nal es
and f enal es.

Tabl e-4.1:- Mean and standard devi ation of fundanental frequency
of phonation in nmales and fenal es.

Vowel s / al [il [ ul

Age group 18-25 16-20 10- 15 16- 20 10- 15 16- 20

VBl e Mean 218.53 197.86 287.65 309. 79 317.06 271.14
S. D 79.56 59.61 108.1 102. 43 92.21 78. 65

Fenalewban 751.69 249 301 295.89  300.54 333.56

S. D 54. 3 83.69 69.8 59. 28 75. 97 62.3

Table: 4. 1(A) S gnificant of difference between different age
groups and between nal es and fenal es on fundanmental fre-
guency in phonation

QG oups conpar ed lal [il [ ul
M (10- 15) / M 16- 20) p P P
F (10-15)/ F( 16- 20) p P P
M (10-15)/F(10-15) A P P
M (16- 20)/ F( 16- 20) =) P A

*Key provided i n Appendi X.
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Maxi mum phonati on t | ne( MPT) :

Table 4.2 and 4.2(A) provides the nean and standard devi a-
tion of phonationduration for vowels /a/, /i/ and/u/ for both
mal es and fenal es and the significance of the difference between

the 2 groups for both sexes.

In mal es, the younger group showed a nean of 11.59 secs.,
11.06 secs and 9.65 secs for vowels /a/, /il and / u/ respectively
whereas t he ol der group showed a nean of 11.21, 9.93 and 9.71

secs for the sane vowel s.

The standard devi ation of the younger group showed val ues
of 4.77, 3.56 and 3.32 whereas the older group showed a little
hi gher value of 5.79, 4.27 and 4.78 for vowels /a/, /i/ and / u/

respectively.

The ol der group showed a wi der range varying from4-15
secs, and t he younger group al so showed simlar but slightly

| esser range of 5 to 25 secs.

There was a significant difference between the 2 groups of
males at 0.05 | evels. Thus the hypothesis that there is no

significant difference between nales for the different age groups

wer e rej ect ed.

In femal es, the younger group showed cl ose nean val ues of
7.88, 7.62 and 6.62 secs for /a/, /il and / u/ respectively whereas
t he ol der group showed slightly higher values of 10.22, 9.33 and
8.56 respectively.
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But the younger group showed | esser standard devi ation
values of 2.22, 2.6 and 2.06 whereas the ol der group showed
a larger variation of 2.73, 2.87 and 2. 65.

Conpared to mal es the femal es showed a snaller range in
MPT varying from3 to 15 secs in young group to 6.15 secs

i n ol der group.

In all, the fermal es showed a significant difference between
thetwo age group at 0.01 | evel. Thus the hypothesis that there
is no significant difference between t he two groups of fenales

was rej ected.

However there was no significant difference between the nal es
and femal es in the younger age group but the difference was signi-
ficant for the 16-20 years age group at 0.05 level. Thus the
hypot hesi s that there is no significant difference between nal es

and femal es was partly accepted and partly rejected.

Areviewof literature showed that even in nornals upto
t he age of 14415 years (Shigonori,1977; Rashm, 1985) to even
17 years (Launer, 1971) there was no significant difference in
MPT between nal es and femnales. |t was al so seen in hearing-
inpaired children in this study. So this statenent can al so be
true for the hearing inpaired population i.e. no significant

difference in MPT between nal es and fenal es i n younger age groups.

Secondly as in normals, with the increase in age t here was
an increase in MPT and a difference ari ses between nal es and

f emal es.
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However unli ke the normal popul ation, some hearing-inpaired
subj ects showed a very | ow MPT val ue even at the later age i.e.
after puberty and adol escence. This may be due to inproper co-
ordi nati on between the respiratory and phonatory systens as
reported by Yanagi hara and Koi ke (1967) who attribute 3 physio-
| ogi cal paraneters affecting MPT i.e. a) total air capacity avail-
abl e for voice production (b) the expiratory power and (c) the
adj ustment of larynx for efficient air usage i.e. the glottal
resi stance. M chel and Wndahl (1971) also state that MPT can
denmonstrate the general status of subjects respiratory coordi na-

tion but nore accurately indicates the relative efficiency of

t he pnenno-| aryngeal interaction.

Based on the results of MPT in nales and fenales in the age
group of 10-15 and 16-20 years studied, the follow ng concl u-

sions wer e drawn: -

1. There was a significant difference between the t wo age groups
studied both in mal es and fenal es showi ng an increase in the
duration of phonation with increase in age.

2. No significant difference in MPT between nal es and femnal es
was seen in the 10-15 years group; this was also seen in

normals, thus indicating that at the early ages not nuch diffe-

rence was seen in MPT between nal es and f enal es.

3. Anong the three vowel s, the phonation duration of /a/ is found

to be greatest, followed by /i/ and finally /u/.
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Concl usion (3) was unlike that of nornmals as studied by
Rashm (1985) who reported that MPT of /i/ was greatest, followed
by /u/ and then /a/. A longer phonation on/a/ may be due to
the fact that, vowel /a/ was produced at a frequency nearer to
the natural or opti numfrequency of the subject than vowels /i/
and / u/ which were produced at a nore higher frequency (as shown
In results show ng the fundanental frequency of this popul ation).
Thus these results also indicated that the hearing inpaired indi-
vidual s were not using the respiratory and/ or phonatory nmechani sns

Tabl e: 4.2 Mean and standard deviation of the phonation duration of
lal, [i/ and /u/ (in seconds) in nales and fenal es.

Vowel s [il [ ul
Age group 10- 15 16- 20 10- 15 16- 20 10- 15 16- 20
11. 59 11. 21 11. 06 9.43 9. 65 9.71
4. 77 5.39 3.56 4. 27 3.32 4.78
Mean 7. 88 10. 22 7.62 9.33 6. 62 8. 56
Fenal e
) 2.22 2.73 2.6 2.87 2. 06 2. 65

Table 4.2(A) - Significance of difference between different
age groups and between nal es and fenal es on phonation
duration of vowel s.

Q oups conpar ed [ al lil [ ul
M 10-15) / M 16- 20) = P P
F(10-15) / F(16-20) A A A
M 10-15) / F(10- 15) - -

M 16- 20) / F(16- 20) P P 0

Appendi x
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Frequency range i n phonati on:

It was the difference between t he highest and t he | owest

frequency observed during phonati on.

Table 4.3 and 4.3(A) presents the nean and standard devi a-
tion of the frequency range in phonation for the different age
groups of nmales and females for the vowels /a/, /i/ and /u/,

along with the significance of the difference between neans.

Tabl e showed t he neans of the nmales in the 10.15 years age
group to be 116.71, 136.65 and 145. 70Hz for vowels /a/, /i/ and /u,
respectively and for the ol der group to be 155.14, 137.5 and
146. 71 respectively.

Along with the I arge neans of frequency range the deviation
al so showed | arge val ues of 103.18, 124.83 and 129.01 for the
younger group and 106.42, 102,69 and 84.97 for the ol der group
for vowels /a/, /il and / u/ respectively. These |large variations
may be accounted for by | arge frequency range shown by each
group. Wil e theyounger group showed a wi de range froma m ni nrum
of 7Hz to a maxi numof 455Hz, in the ol der group the range

extended from 10- 340Hz.

There was a significant difference between the younger and
ol der group of nales at 0.05 levels, thus leading to therejec-
tion of the hypothesis that "there is no significant difference
bet ween t he younger and the ol der group of males, in frequency

range i n phonation".
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This was also true for fenmal es, who showed a significant
difference at 0.05 | evel between the 2 age groups studi ed,
thus rejecting the hypothesis that, there is no significant
difference, as a function of age, between the 2 groups of

females in the frequency range i n phonati on.

Wi le the females in the younger group showed a nean of
179.69, 104.69, and 139.77Hz range for vowels /a/, /i/ and / u/
respecti vely, the ol der group showed a nean of 220.44, 160.22
and 94. 1Hz respectively. But the fenal es showed standard devi a-
tion val ues | esser when conpared to nal es, with the younger group
showi ng 114.07, 95.0 and 93.71 for vowels /a/, /i/ and /u/ and
t he ol der group showi ng 81. 20, 109.26, and 80.46 respectively

for the three vowel s.

Even in the fenmale group, simlar to nmal es, the younger
group showed a wi der range (15-423Hz) than the ol der group
(11-315 Hz).

The mal es and fenmal es showed a significant difference between
themfor both age groups at 0.05 level. Thus the hypothesis
that "there is no significant difference in the frequency range
of phonation between nmal es and fenmal es" was rejected.

The review of literature en frequency range shows no study
In the hearing inpaired popul ation. Hence the present study
cannot be conpared with others. However when conpared with

studi es on normal popul ation (Rashm, 1985). The hearing-inpaired
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popul ati on show a | arge difference, due to w de variation in
frequency in each individuals production. This nmay be because
of 2 reasons, one, even in the stable production of vowel s due
tolarge intensity variations in phonation, there are simul -
taneous variations in the pitch. Secondly, the presence of
frequent pitch breaks, sonetines towards |ower frequency and
sonetinmes higher, resulted in a wi de frequency range. Thus
showing the inability of hearing inpaired individuals to produce

the vowel with steady pitch or intensity.

This al so shows that there was |ack of |aryngeal contro
in this popul ati on, which persists due to lack of auditory feed-
back, and thus results in inappropriate variation in speech and

rendering it unintelligihble.

Hence a focus on stabilizing the appropriate pitch woul d be
very useful.

Tabl e 4.3: Mean and standard devi ation of the frequency range in
phonation in nal es and fenal es.

Vowel s [ al lil [ ul

Age group 10- 15 16- 20 10- 15 16- 20 10- 15 16- 20
Mean 116.71 155. 14 136. 65 137.5 145. 70 146. 71

\al e S. D. 103. 18 106. 42 124. 83 102. 69 129. 01 84. 97
Mean 179. 69 220. 44 104. 69 160. 22 139. 77 94. 1

Fenal e

S.D 114.07 81.20 95.0 109. 26 93.71 80. 46
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Tabl e 4.3(A) Significance of difference between different age
groups and between mal es and fenal es on frequency range
I'n phonati on.

QG oups conpar ed / al [il [ ul

M 10-15) / M 16- 20)
F(10-15) / F(16-20)
M 10- 15) / F(10-15)
M 16-20) / F(16- 20)

TT U
TS T T
T U T

* Key provided in appendi x.

Intensity range in phonation:

The intensity range in phonation was determned by feedi ng
arelatively stable sanple of phonation of different vowels to
t he PM 100 and novi ng cursor to the naxi num and t he m ni numinten
Sity points. Table 4.4 and 4.4(A) indicates the nean and standar
deviation of the intensity range in phonation of vowels /a/, /il
and / u/ and significance of the difference between t he neans of

each groups.

In mal es the younger group showed a nean intensity range of
10. 65, 10.76 and 12.29 dB respectively for vowels /a/, /!'/ and
/ul/, whereas the ol der group showed a nean of 8.36, 9.79 and
10.43 dB. Thus both groups showed increasing intensity range

for /al to/i/ and from/i/ to /ul.

However the range varied in the younger group from 3-24dB and
from3.17 dB in the ol der group, thus the younger group showed a

wi der range.
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There was also a larger variation in the younger group with
t he standard deviation values i.e. 4.99, 4.73 and 5.02 respective
for vowels /a/, /i/ and /u/ and for older group it was 3.32, 3.3

and 4. 29.

Significant difference was seen between the two groups of
males in intensity range of vowels /a/ and /u/ at 0.05 |eve
but no difference was seen for vowel /i/. Thus the hypothesis
that "there is a significant difference between t he nal es as a
function of age, for intensity range i n phonation" was partly

accepted and partly rejected.

In femal es, the younger group showed a nean of 8.62, 9.85
and 10.85 dB for vowels /a/ and /i/ and /u/ with a wi de range
varying from4-24 dB, while in ol der group showed a nean of
10.56, 7.56 and 9.56 dB respectively with a range of 5-16dB.

Thus t he younger group showed a w der range.

Wi | e the younger group of fenales showed a standard devi a-
tion of 3.93, 5.1 and 2.67, the ol der group showed val ues of 2. 96,

2.55 and 2.79 respectively for vowels /a/, /il and /u/.

Significant difference between fenal es was seen at 0.05
| evel for vowel /i/ and / u/ whereas at 0.01 level for vowel /a/.
Thus the hypothesis that "there is no significant difference

between fenales in intensity range in phonation" was rejected.

There was al so significant difference at 0.05 | evel between

mal es and fenmales for the | ower age group and the hi gher age group
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(except vowel /a/ which showed difference at 0.01 | evel ), thus
rejecting the hypothesis that "there is no significant diffe-

rence between nales and fermales in intensity range of phonation".

Rashm (1985) in her study of normals 4-15 years of age, has
shown that the intensity range in the 110-11 years is around 11dB
and in the 13-14 years around 8dB. As conpared to that the
present study shows a slight increase in the average nean (I1.5dB)
This is also true for females. And in general, as in nornals,
even the hearing inpaired nal es show wi der intensity range than

hearing inpaired fenal es of particul ar age-group.

However the individual variations were wi der (4-24 dB) as
conpared with normals, probably indicating the |lack of control
innmonitoring the intensity of phonation. Thus the younger age

group had greater variation in intensity. In case of normals

was attributed to anatom cal and physi ol ogi cal _
this variation/changes at or around puberty and at |ater age it

was expected to stabilize. 1In case of hearing inpaired indivi-
dual s, apart fromthe anatom cal and physi ol ogi cal changes, the
variations in intensity were, probably influenced by |ack of
control over the laryngeal systemdue to disturbance in auditory
feedback. This factor i.e., nonitoring of intensity during
phonati on and thus in speech, nust al so be considered during

therapy with hearing inpaired individuals.
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Tabl e 4.4: Mean and standard deviation of intensity range in
phonation in nmal es and fenal es.

Vowel s lal Il [ ul

Age group 10- 15 16- 20 10- 15 16- 20 10- 15 16- 20

- Mean 10. 65 8. 36 10. 76 9.79 12. 29 10. 43
e

S. D 4. 99 3.32 4.75 3.31 5.02 4,29

Mean 8.62 10. 56 9.85 7.56 10. 85 9. 56
Fenal e

S.D 3.93 2.96 51 2.55 2.67 2.79

Table 4. 4(A): Significance of difference between different age
grouEs and between nal es and fenal es, on intensity range
on

I n phonati on.
QG oups conpar ed [ al [il /ul
M 10-15) / M 16- 20) P =
F(10-15) / F(16-20) A = =
M 10-15) / F(10- 15) P P P
M 16-20) / F(16-20) A = P

R se-tinme of phonati on:

The rise-tinme of phonation was found by subtracting the
poi nt at which phonation-is initiated fromthe point at which
phonati on becane steady in terns of intensity on the tinme scale,
I n centiseconds. The rise-tinme of phonation was found for the
three vowels /a/, /i/ and/u/. The nmean and the standard devi a-
tion for each group for both nmales and fenales, is presented in
table. 4.5 and 4.5(A) along with significance of difference

bet ween neans.
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In mal es, the mean of rise-tinme in younger group showed
val ues of 6.65, 5.29 and 6.18 centi seconds respectively for
vowels /al/ /i/ and /u/ whereas in the older group it showed

6.29, 5.14 and 6.36 centi seconds.

The range varied in younger group from 1-12 centi seconds
and for older groups from2-12 centiseconds time show ng a wi der

range i n younger group.

The standard devi ation for the younger group of nal es was
2.55, 2.23 and 2.96 centi seconds whereas for the ol der group it
was 2.73, 2.66 and 2.84 centiseconds. respectively for the three

vowel s.

There was a significant difference between the 2 age groups
at 0.05 level thus the hypothesis that there is no significant

di fference between the2 age group in nmal es” was rejected.

It was also true for fenal es who showed a significant diffe-
rence as a function of age at 0.05 |evel. Thus the hypothesis
that "no significant difference exists between the 2 groups of

femal es” was rej ect ed.

In femal es, the younger group showed the nean rise time of
5.92, 4.77 and 5.92 centiseconds respectively for the 3 vowel s,
with a range of 2-13 centi seconds whil e the ol der group showed
nmean of 5.44, 4.67 and 6.33 centiseconds with a range varying

from 2-11 centi seconds.
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Further, mal es and fenal es showed significant difference
between themat 0.05 level for both the younger and ol der age
groups. So the hypothesis that "no significant difference
exi sts between nmales and fermales in rise time in phonation”

was rej ect ed.

Conparing the results of the present study with that of
normal s studied by Rashm (1985) it can be seen that for nornmal s
the rise-tine shows a higher value in the 10-15 year range in
mal es. At 10-11 years for nornals nean value is 9.8, 10,2 and
9.4 centiseconds for /a/, /i/ and /u/ and at 14-15 years and is
8.1, 6.7 and 8.2 centiseconds respectively. This reduced rise-
time may be possibly due to the abrupt initiation of phonation
whi ch was typical of many of the subjects especially sonme who
showed a mninmumof just 1-2 centiseconds. A simlar result was

seen in case of fermales also in the 10-15 years age group.

The large individual variation and wide range in rise-time
i ndicated the lack of laryngeal control as well as coordination

bet ween respiratory and phonatory system

It would be interesting to train the hearing inpaired indi-
vidual s, through visual feedback, to initiate phonation snoothly,
thus increasing the rise-tinme and observing its effect on the

intelligibility of speech.

It becones all the nore inportant around and after the onset

of puberty, where there are nore changes in the |aryngeal system
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Tabl e 4.5: Mean and standard devi ation of rise-tinme in phonation
(in centiseconds) in nales and fenal es.

Vowel s | al [il [ ul

Age groups  10-15 16-20 10-15 16-20 10-15 16- 20

vl Mean 6. 65 6.29 5.29 5. 14 6. 18 6. 36
e

S. D 2.55 2.73 2.23 2. 66 1. 96 2.84

Mean 5.92 5.44 4. 77 4. 67 5.92 6.33
Fenal e

S.D 2.72 3.05 2.52 1.58 2.5 2.55

Tabl e 4.5(A) significance of difference between different groups
and between nal es and fenal es on rise-tine in phonation.

G oups conpar ed I al [il [ ul
M 10-15) / M 16-20) P P P
F(10-15) / F(16-20) P P P
M 10-15) / F(10-15) P P P
M 16-20) / F(16-20) P P P

*Key provided in Appendi x.

Fall-tinme of phonation:

Fal | time of phonation has been defined as the tinme in centi-
seconds between the drop in intensity of the steady state to the
termnation of phonation. The mean and the standard deviation for
the fall tinme of phonation for vowels /a/, /i/ and /u/ for nales
and females in different age groups are given in Table 4.6 and

4.6(A) along with the significance of the difference between neans

A scrutiny of thetable showed the nean val ues for the younger
group of males for the three vowels /a/, /i/ and/u/ to be 7.76
6.53 and 6 centiseconds, and for older group it showed 7.71, 7.71

and 9.07 centi seconds.
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However the range for the younger group varied from 3-12
centiseconds with standard deviation of 3.01, 2.07 and 2.35
and for the older group from4,16 centiseconds wth standard
deviations of 2.73, 2.16 and 3.2 centiseconds for the vowel s

lal, /il and/ul.

Significant difference at 0.05 level for vowel /a/ and/i/
and 0.01 level for vowel /u/ were seen between the 2 groups of
mal es thus rejecting the hypothesis that "no difference exists

between the 2 groups in fall tine".

The fenales, in the younger group showed mean rise-tine
values of 7.77, 6.77 and 6.62 with a range varying from 3-13 eent
seconds whil e the ol der group showed nean val ues of 8.33, 8.44
and 7.44 centiseconds for the three vowels /a/, /i/ and / u/

with a range of 5-12 centi seconds.

The fenal es al so showed a significance difference in the
fall time between the 2 groups as a function of age, thus read-
ing to the rejection of the hypothesis that "no significant

di fference exists between the 2 group of feanel es”.

The difference was al so significant at 0.05 | evel between
mal es and fermal es for the 2 groups thus the hypothesis that
“there is no significant difference between the two sexes in the

fall-time of phonation” was rejected.

Conparing with the results in normals (Rashm, 1985) the
present study al so showed the fall time to increase w th increasing

age for the vowels /a/, /i/ and /u/ in both mal es and f enal es.
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But conparing with the nornal data, which showed the rise
tinme to vary froma mninumof 10.7 centiseconds in 10-11 years
group to a maxi mumnean val ue of 19.9 centiseconds for 14-15
years group, the hearing-inpaired showed a sharper and shorter

fall time which again indicates abrupt termnation of phonation.

Thus the hearing inpaired popul ati on showed abrupt initia-

tion and termnation of phonati on.

This could be one of the factors in making the speech
of the hearing inpaired unintelligible. So, further studies to
increase the rise and fall tine. |In hearing inpaired and noting
its effect onthe intelligibility of speech, would be useful in
t herapy and better understandi ng of the speech of the hearing
| npai r ed.

Tabl e 4.6: Mean and standard deviation of All-tine in phonation
(in centiseconds) in nmales and fenal es.

Vowel s / al lil [ul

Age group  10-15 16-20 10-15 16-20 10-15 16- 20

Mean 7.76 7.71 6.53 7.71 6.0 9.07
Mal e

S D 3.01 2.73 2.07 2.16 2.35 3.2

Mean 71.77 8. 33 6. 77 7.44 6. 62 7.44
Fenal e

S. D 2. 77 2.78 2.13 1.88 1.71 2.65
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Tabl e 4.6(A) S gnificance of difference between different age
groups and between mats and fermales on fall tine in
phonat i on.

G oups conpar ed /al [i] [ ul

M 10-15) / M 16- 20)
F(10-15) / F(16-20)
M 10-15) / F10-15)
M 16-20) / F(16-20)

T U UV T
T U T T
T U T >

*Key provi ded i n Appendi X
Speaki ng fundanental frequency(SFF):

The SFP for the sentences "idu papu", "idu koti", and "idu
kenmpu banna" were found by the nmethod described in chapter-3.
The nean and standard deviation along with the significance of
t he difference; between the means are shown in the Table-4.7 and

4.7(A).

For the three sentences, the nean val ues in the younger
group of mal es showed 284.71, 298 and 295.23Hz respectively with
t he range varying from 205-419Hz, and for the older group it
showed t he nean val ues of 286, 275.14 and 291.5Hz respectively
with the range varying from 203-437 Hz.

The standard deviation for the younger group showed 33. 86,
45.99 and 42.2 for the three sentences "idu papu", "idu koti",
and "idu kenpubanna" respectively whereas the ol der group showed
val ues of 57.29, 58.25 and 51. 34 respectively showed nore vari a-

tion than the younger group.
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There was a significant difference between the two groups

of males, at 0.05 level, thus rejecting the hypothesis that "no

di fference exi sted between the two groups of males in the SFF".

I n femal es, however the younger age group showed nean val ue
of 269.92, 285.08, and 271.77 respectively for the three sentenc
with a range from 206-408Hz, whil e the ol der group showed slight
hi gher nean val ues of 273.33, 308.44, and 310.67Hz respectively
with a range varying from 209-358 Hz.

But in younger fenales the standard devi ati on showed hi gher
val ues of 55.03, 58.90 when conpared with the ol der group which
showed 44. 4, 47.94 and 29.66 respectively. Thus the older fenale
showed hi gher nean values with | esser variation than the younger

popul at i on.

A significant difference at 0.05 level was noted for the 1st
and 2nd sentence "idu papu" and "idu koti" and at 0.01 |evel for

the 3rd sentence "idu kenpu banna", thus the hypothesis that "no

significant difference exists between the2 groups of fenales."

There was also a significant difference at 0.05 | evel between
mal es and fenmal es for both the age groups, thus leading to the
rejection of the hypothesis that "no difference between the two

sexes existed for the SFFV

Areviewof literature indicates that, when conpared Wth the
normal popul ation of a simlar age group (Mchel et al, 1966;
Hol I'i en and Paul , 1969; Hollien and Shi pp, 1972; Rashm , 1965;
Shukl a, 1985 and ot hers) the hearing inpaired show a hi gher SFF.
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This was in agreenent with many other studies in literature
(Meckfessel, 1944; Thornton, 1964; Geen, 1956; G| bert and
Canpbel I, 1980.

This may indicate |lack of laryngeal control due to absence
of auditory feedback. And also the fact that these children
were froma school where total communication is encouraged
(G lbert and Canpbel I, 1980; Pol ack, 1964). Thus the hearing
I npai red nmust al so get therapy for nodification of |owering of

fundarment al frequency.

Tabl e 4.7: Mean and standard devi ati on of the speaking fundanenta
frequency in nmales and fenal es.

Sent ences | du papu | du kot | du kenpu banna
Age group 10- 15 16- 20 10- 15 16- 20 10- 15 16- 20
| Mean  284.71 286 298 275.14 295.23 291.5

Mal e

S. D 33. 86 57.29 45. 99 58. 25 42. 2 57. 34

| Mean  269.92 273.33 285.08 308.44 271.77  310.67
Femal e
S. D 55. 03 44. 4 58. 90 47. 94 57.59 29. 66

Tabl e4. 7(A) significance of difference between different age
groups and between nal es and fenal es on speaki ng
fundanent al frequency.

QG oups conpar ed | du papu | du kot | du kenpu banna
M 10-15) / M 16-20) P P P
F(10-15) /F(16-20) P P A
M 10-15) / F(10-15) P P P
M 16-20) / F(16-20) P P P

*Key provided in Appendi Xx.
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Frequency range in Speech:

The frequency range utilized in each of the three sentences
"idu papu", "idu koti"& "idu kenpu banna" was determ ned and the
maxi mumrange, i.e. the difference between the highest and the
| onest val ues of the three sentences were al so cal culated. The
mean and standard deviation for each age group for both nal es
and fenales along with significance of the difference between

means is given in Table 4.8 and 4. 8(A).

The nean val ue of the younger group of males showed 376. 06Hz,
wi th standard deviation of 67.96 and range varying from268, 534Hz,
The nmean val ue of the ol der group showed 359.86Hz with a standard

devi ati on of 38.83 and range varying from 302-410Hz.

There was a significant difference between the nmal es at
0.05 level thus rejecting the hypothesis that no significant diffe

rence exi st between nmal es as' a function of age.

In fermal es, the younger group showed a nean of 343.38Hz
(SD 47.78) with a range varying from252-403Hz, whil e the ol der
group of femal es showed a nean of 373.89Hz (SD 30.10) with a range
varying from 313-414Hz.

The fenal es al so showed a significant difference as a function
of age,at 0.01 | evel of significance, thus rejecting the hypothesis
that "no difference exists between the 2 groups”. So the nal es

showed nore difference as a function of age than the fenal es.



2. 26
Mal es and f enal es showed si gni fi cant di fference for both age
groups at 0.05 level of significance thus the hypothesis that
"no difference exists of between nal es and fenal es" was

rej ect ed.

Areviewof literature showed that as in nornals the nal es
showed a significant decrease in the frequency range w th increas
In age but it was not so in the case of fenal es who showed an

increase in the frequency range with increasing in age.

However, in conparison with the normals the hearing-inpairs
showed a larger variations. Wile the nornmals showed a nmaxi num
of 74Hz t o around 54Hz t he heari ng-i npai r ed showed vari ati ons ar ound
or above 300Hz. This may be due to the pitch breaks which were
common in themor due to |large variations in fundanmental fre-
guency. This again indicates the lack of control over the |aryn-

geal systemin hearing inpaired individuals.

Tabl e-4. 8: Mean and standard devi ati on of frequency range in
speech in nmal es and fenal es.

Age group 10- 15 16- 20
Mal e 176. 06 359. 86
Mal e
S D 67. 96 38.83
Mean 343. 38 373. 89
Fenal e

S.D. 47.78 30. 10
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Table 4.8(A S gnificance of difference between different age
groups and between nal es and femnal es on Frequency
range i n Speech.

G oups conpar ed Signi fi cance

M| 0-15) / M 16- 20)
F(10-15) / F(16-20)
M 10- 15) / F(10-15)
M 16-20) / F(16-20)

T U > T

*Key provided in Appendi X.

Intensity range i n speech:

The intensity range in speech was cal cul ated by feedi ng and
3 sentences "idu papu", "idu koti", "and "idu kenpu banna" to the
pitch anal yzer and noting the highest and | owest intensity points
The maxi num and the mni numpoi nts of the 3 sentences were noted
to find out the intensity range in speech. Table 4.9 and 4.9(A
provi des the nean, the standard devi ation and the significance of

di ff erence bet ween nmeans.

As can be seen fromthe table, the younger nal es showed a
mean of 24.65dB(SD = 3.99) with a range varying from 19-32 dB,
whi | e t he ol der group showed a nean of 23.29 dB(SD=4.97) with a
range varying froml|-33dB,

A significant difference was seen between the 2 groups of
males at 0.05 |l evel, thus the hypothesis that "there is no signi-

ficant difference between the nales as a function age"was rejected
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In fenmal es,the nean for the younger group showed 22.31dB
(3D 4.33) with a range varying from 14-28dB, while the ol der
group showed a nean of 23.78 dB(SD=3.70) with a range varying
from 18- 30dB

Fermal es al so showed a significant difference at 0.05 | evel,
this the hypothesis that "there is no significant difference

between the 2 groups of fenal es" was rejected.

A significant difference between nal es and fenal es was al so
seen at 0.05 level for both the groups, thus the hypothesis that

"no difference exists between mal es and fenal es" got rejected.

Conparison of the results of the present study with a simlar
study on nornmals (Gopal, 1986) showed that the intensity range
I n speech of nmales (16-20 years) in normals and hearing inpaired
to simlar but the hearing-inpaired showed a | arge individua

variations. This could be due to the |lack of feedback in this

popul ati on.

In contrast to nales, the hearing inpaired fenal es showed a

| arger nmean val ue than normals and al so a wi de individual varia-
tions.
So the hearing-inpaired can either use very narrower or a

very wide range. This can be partly due to lack of auditory

f eedback and/or due to use of a higher Fo than nornal .
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Thus a focus on correcting the intensity range in speech

and phonation could be useful in increasing the intelligibility

of speech.

Table 4.9: Mean and standard deviation of intensity range in
Speech in males and females.

Age group 10-15 16-20
Mean 24 .65 23.29
Male
SD 3.99 4.97
Mean 22.31 23.78
Female
SD 4.33 3.70

Table 4.9(A) Significance of difference between different group
and between males and females on Intensity range
in speech.

Groups compared Significance
M(10-15) / M(16-20) P
F(10-15) / F(16-20) P
M( 10-15) / F(10-15) P
M(16-20) / £ (16-20) P

* Key provided in Appendix.

Harmonics:

o ratio,showing the ratio between intensity of harmonics
below and above 1K.

The ratio of vowel /i/ and "idu" was found by the method
described in Chapter-3. Table 4.10 and 4.10(A) shows the mean
and standard deviation and also the significance of difference

between the means.
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The younger group of males showed a mean of 0.72(SD=0.09)
with a range of 0.50 - 0.86, while the older group showed a
mean of 0.76(SD =.06) with a range of 0.65 - 0.84 on this

measure.

A significant difference at 0.05 level was seen between the
2 groups of males, thus rejecting the hypothesis that "no diffe-

rence exists between them as a function of age".

Similarly a significant difference at 0.05 level was also
found for the females as a function of age thus the hypothesis

that "no difference exists between them" was rejected.

The younger female group with a mean value of 0.75(SD 0.05)
with a range varying from 0.66 - 0.81 and for the older group

with mean of 0.71 (SD 0.09) with a range of 0.61 - 0.85.

Both males and females also showed a significant difference
at 0.05 level for different age levels thus rejecting the hypo-

thesis that "no difference exists between males and females".

The o -parameter was recommended by Frokjaer-Jenson and
Prytz (1976) as an indicate of voice quality. So the results of
this study indicates that there was a change in voice quality,
both as a function of age in males and females, and also between
males and females. This was unlike that in normals (Rashmi,1985)
who showed that from 4-15 years no difference was seen between

males and females.
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But the energy level above 1000Hz is less than the energy

level below 1000Hz which was also true for normals (Rashmi, 1985)

The change in voice quality may be due to the onset of
puberty in males, and changes in any one of the other parameters
like the fundamental frequency of phonation, increase in volume
change in the supraglottal resonators, or even mode of initiation
of phonation and the shape and size of the resonators. As the
hearing impaired individuals had shown a change in o ratio than
in normals 1t 1s to be interesting to investigate further in this
aspect and to find out the effect of this an intelligibility.
Table 4.10: Mean and stanard deviation of theratio of the inten-

sity level of harmonics above 1000Hz to that below
1000Hz in males and females.

Age group 10-15 16-20
Mean 0-72 0.76
Male
S.D. 0.09 0.06
Mean 0.75 0.71
Female
S.D. 0.05 0.09

Table 4.10(A) Significance of difference between different age
groups and between males and females in the

parameter
Groups compared Significance
M(10-15) / M(16-20) P
F(10-15) / F(16-20) P
M(10-15) / F(10-15) P
M(16-20) / F(16-20) P
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Vowel duration:

The duration of the vowel /i/ occuring in the word "idu
in mlliseconds was found using the H gh Resol ution S gnal

Anazer (B&K 2033).

As can be seen fromTable 4.11 and 4. 11(A), the younger
mal es showed a nean val ue of 147.76 msec. with a w de range
from76-281 mlliseconds and a standard devi ation of 59, while
t he ol der group showed a | ower nean of 127 msec. with a wi der

range from45-328 msec. and hence a standard deviation of 75.99.

The nmal es showed a significant difference at 0.05 |eve

between the 2 age groups, thus rejecting the hypothesis that "no

significant difference exists between mats as a function of age".

But no significant difference showed up in the fenales as a
function of age, thus accepting the hypothesis that "no difference

exi sts between the 2 age group in fenal es".

However the younger girls showed a nean of 112.15 m secs as
agai nst 188.11 msec in older group. The range was 76-175m sec.
for the younger group with a standard deviation of 24.47 while
i n ol der group range varied from 107-305 msec. wth a standard

devi ati on of 76. 67.

Significant difference at 0.01 |evel was seen between nal es
and fenmal es at both age groups, thus rejecting the hypothesis that

"no difference exists between the 2 sexes for vowel duration".
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When conpared with normal s (Rashm, 1965; Shukla, 1985)
t he hearing inpai red showed a | onger vowel duration. This
agrees with the study by Shukla (1985) who states that duration
of vowels /i/ and/u/ inhearing inpaired speakers were |onger

t han t hose i n nornal .

Al so the vowel duration in hearing inpaired showed a w de
variation or wide range. This also agrees with other simlar

studi es on the hearing inpaired (Shukla, 1985).

The | onger vowel duration in 10-15 year ol d nal es nay be due
to the higher fundanmental frequency in themthan the ol der group.
It is also seen in nornmal s when they had used in higher pitch

(Rashm, 1985; Nataraj a and Jagadeesh, 1983, 1984).

The absence of significance of difference between t he two
femal es groups in terns of vowel duration can be attributed to
t he absence of significant difference in the speaking fundament
frequency between the two groups of femal es. Thus variation or
changes made in P.P. during therapy with hearing inpaired nay a
bei ng about changes in vowel duration, which warrants further
st udi es.

Tabl e 4.11 : Mean and standard devi ation of vowel duration (in
mlliseconds) in nales and fenal es.

Age group 10- 15 16- 20
Mean 147. 76 127.0
Mal e
S D 59.0 75. 99
Mean 112. 15 188. 11
Fenal e '

S.D 24. 47 76. 67
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Table 4.11 (A Significance of difference between different
groups and between nales and fenal es on vowel
duration of /i/ in "idu".

G oups conpar ed Signi fi cance
M 10-15) / M 16-20) P
F(10-15) / F(16-20) -

M 10-15) / F(10-15) A
M 16-20) / F(16-20) A

* Key provided i n Appendi Xx.

The results of this study was tabulated in Tabl e 4. 12.
It can be seen that nost of the parameters studied have shown
a significant difference between mats and fenmales. A so in
t he sane sex, there was significant difference between the tw
age groups i.e. 10-15 years and 16-20 years, which could be

due to the pubertal changes, especially in the nales.

However no significant difference in nmaxi numphonation
duration in the 10-15 years was seen between nal es and fenal es.
This was also true in case of nornals (Rashm, 1985) where upto
14 years no significant difference was seen between nal es and
femal es. But as can be expected t he ol ders age groups had showed
significant difference, as was also true for nornmal s (Vanaj a,
1986). Thus it can be accounted for by the pubertal changes

in mal es around 13-15 years.

Secondly, the vowel duration in fermales, as a function of

age, showed no significant difference.
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This may be due to the continuation of using of high
frequency in case of femal es even at the |ater age, which
resulted in increase of vowel duration (Rashm, 1985;

Nat ar aj a and Jagadeesh, 1983; 1984).

A conparison of the results of present study with that
of normals of a simlar age group (Rashm , 1985; showed
that in general the hearing inpaired popul ation showed a cl ear
cut difference away fromthat of the normals. It has been
either increased (eg. fundanental frequency. Speaking funda-
mental frequency, frequency range in phonation and speech) or
decreased, (eg. Rise and Fall tinme of phonation of vowels).
In normals all the above paraneters controlled by a proper
coordi nati on between the respiratory, phonatory and resonatory
system and al so by the finer control of |aryngeal novenent.
Thus it can be seen that the hearing-inpaired |lack these controls

in nmonitoring their voice and speech.

The neasurenent of these parameters would help 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 paranmeters by the different nodes in
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Tabl e-4.12 Summary of the paraneters with respect to age & sex.

Sl. Trend with increasing age Sex difference with
No. Par amet er in the sane age gro
1. Maxi mum pho- Mal es Significant diff- No difference at
nati on dur a- erence. 10. 15 years group
tion. SR : _ between significant
Femal es fggggflcant diffe difference at
' 16. 20 years.

2. Fundanent al Mal es Significant diffe- « . .:¢: .
frequency of fence. Significant differe
phonati on. Femal es Significant

di fference.

3. Frequency Mal es Si gni ficant
range in di fference. Si gni ficant
phonati on. Fermal es Significant di fference

difterence

4. Intensity Mal es Not significant
range in di fterence for
phonat i on vowel /1 / but

significant diff- Si gni ficant
erence for / al di fference.
and/ u/ -

Femal es Significant,
di fference.

5. Rise-time in Mles Si gni fi cant Si gni fi cant
phonat i on drfference di fference

Femal es Significant
di fference.

6.Fall-tinme in Mal es Si gni fi cant T,

S gLt Lcent
Femal es Significant
di fference

7. Speaking funda- Mal es Si gni ficant SRR
rontal Tre: S gLy eant
quency. Femal es Significant

di fference.

8. Frequency Mal es Si gni fi cant Si gni fi cant

range in speech difference di ffer ence
Femal es Significant

di fference.

contd. ...
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sl. Parameter Trend with increasing age Sex difference with
NO. in the same age group
9. Intensity Males Significant S E c
range in difference. d}%?l Lcall
speech. Females Significant thterence
difference.
10. o ratio Males Significant Siomi fi c
difference d%%?l lcan
Females Significant literence
difference.
11. Vowel Males Significant . DL
. . Significant
duration difference. .
: T difference
Females Significant
difference.

hearing impaired can be helped in achieving voice and speech
closer to the normals and thus probably, at the same time,
increas 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 dis-
orders, including speech and voice of hearing impaired. It is
hoped that this would stimulate further investigation on

similar lines.



SUWARY AND CONCLUSI ONS

The speech of the deaf differs fromthat of normals in

all regards (slack, 1971).

In all the studies of the 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 (Mnsen, 1974).

To bring the speech of the hearing inpaired closer to the
normal s, a clear understanding of their speech is a nust, which
shoul d be done by objective neasurenents. This would help in
descri bi ng objectively the speech of the hearing-inpaired and

also in deciding the selection of the paraneters for therapy.

But a reviewof literature shows studies based on subjective
eval uati ons (Hudgi ns and Nunbers, 1942; Mangan, 1961; Marki des,
1970, Nober, 1967; Smth, 1975 and others) and very few studies

on the objective neasurenents of the speech of hearing-inpaired.

Hence t he present investigation was undertaken in order to
study certain acoustic paraneters, recomended by Hrano (1981)
and the norns of which have been given for the Indian popul ati on,
(Rashm, 1985; Gopal, 1986; and Vanaja, 1986) nanely: -

1. Maxi numphonation duration of vowel s.

2. Fundanental frequency of phonati on.

3. frequency and intensity range in phonati on.
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Speaki ng fundanental frequency
Frequency and intensity range in speech
Rise and fall tine of phonation

Intensities at harnoni cs and

© N o o A

Vowel duration.

These paraneters were studied in a sanple of 53 school -
goi ng hearing inpaired children, 31 nales and 22 fenal es,
ranging in age from 10-20 years. Al these subjects had
heari ng-loss, with a mninumof 60dB or above, in the better
ear. They had no respiratory problem no observabl e deform -
ties of nasal, oral or pharyngeal cavities and no nental

ret ardati on.

The col |l ection of sanple consisted of recording the naxi num
duration of phonation for three vowels /a/, /i/ and /u/ and the
repetition of three Kannada sentences nanely "idu papu”, "idu
koti" and "idu kenpu banna. Each subject was given 3 trials.
One of these sanples fromeach of the three trials was used

for anal ysis.

The duration of vowels was neasured using a stop watch,

t he | ongest was considered as the maxi mumduration of phonation.

This sanpl e was then fed. to the PFitchAnal yzer (PM100) to
obtai n the fundanental frequency of phonation, frequency and i nten-

sity range in phonation and the rise and fall tinme of phonation.
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The three stimulus sentences were then fed to the Pitch

Analyzer and the speaking fundamental frequency, frequency
range in speech and intensity range in speech, were obtained,

for each subj act.

To measure the vowel duration and the intensities at
harmonics below and above 1K (o -ratio) the word "idu" was fed
to the High Resolution Signal Analyzer. The duration of the

vowel /i/ and the o -ratio was measured for all the subjects.

The data thus obtained was subjected to statistical analysis,
in order to determine the mean, standard deviation and the signi-

ficance of difference.

After the statistical treatment, the following conclusion
were drawn: -

T. Maximum Phonation duration:

1. A significant difference between the age groups studied, both
in males and females showing an increase in MPD with increase
in age was noted.

2. No significant difference was observed in MPD between males
and females in 10-15 years group. This parameters showed a
similar frequency as in normals.

3. Of the three vowels studied MPD of /a/ was found to be greatest
followed by /i/ and finally /u/. This was unlike in normals

had showed maximum MPD for /i/ followed by /u/ and then /a/.
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Fundanent al frequency of phonati on:

1. Asignificant difference in Fo for the two groups was seen

2.
3.

1.

between mal es and fenal es.

A significant difference between the two sexes was al so seen.
The Fo for vowel /a/ was | owest when conparedwith /i/ and /u/,
which varied in different age groups for both nal es and fenal es

Frequency range i n phonati on:

A significant difference was seen between nmal es and fenal es
and al so between the two age groups as a function of age.

Both mal es and fenal es at different age groups showed greater
frequency range when conpared with normals, also showed a w de
I ndi vi dual vari ation.

Intensity range i n phonation:

A significant difference was seen between nal es and fenal es
and al so between the two age groups as a function of age,
except for vowel /i/ where the nal es showed no difference
bet ween t he two age groups.

A large individual variation was seen in intensity range as
conpared with the nornal s,

Rise and Fall tine in phonation:

A significant difference was seen between nal es and fenal es
and al so between the two age groups as a function of age.
Conpared with nornal s the hearing inpaired popul ati on showed
alower rise andtall tinme,indicating an abrupt initiation

and termnati on of phonati on.



VI.

1.

VII.

1.

5.5

Speaking fundamental fregquency:

A significant difference was seen between males and females
and also between the two age groups as a function of age.
Compared with the normals, the hearing impaired in general
showed a higher SFF.

Frequency range in speech:

A significant difference was seen between males and females
and also between the two age groups as a function of age.
The hearing impaired showed almost double the frequency range

as compared with normals, again with large individual varia-

tions.

VIII. Intensity range in speech:

1.

IX.

A significant difference was seen between males and females
and also between the two age groups as a function of age.
The hearing impaired females showed a higher intensity range
than normals but in males it was similar to normals. But

both showed a large variation when compared with normals.

o-parameter:

A significant difference was seen between males and females
and also between the two age groups as a function of age.

In comparison with normals the of-ratio value in hearing
impaired indicated a slightly lower value, which may be indi-

cative of a change in the quality.

X.Vowel duration:

1.

A significant difference between the males and females in

the two age groups was seen.
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2. No significant difference was seen in fenales as a function
of age in vowel duration, which coul d be due to conti nuati on,
in later age of using a higher Fo.
3. Asignificant difference was seen between nal es as a function
of age.
4. The hearing inpaired showed a significantly higher vowel

duration, as conpared w th nornal s.

It is clear fromthe present study that the speech of the
hearing inpaired differed fromthat of the nornmals in the

acoustic characteristics nentioned above.

In addition to the deviations fromnormals, there were |arge

I ndi vidual variations anong the hearing inpaired individuals.

To inprove the speech of the hearing-inpaired, these para-
nmeters may be worked upon through the use of different feedbacks,
thus inproving their intelligibility of speech.

Recomendat i ons:

1. The study nmay be carried out with a larger sanple and al so for
ot her age groups.

2. The anal ysis could be extended to other vowel s and | arger
speech sanpl es.

3. A study to observe the effect of nodifying these deviant
features on the overall speech intelligibility of the hearing-
| npai red woul d be interesting.
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APPENDI X- |

Key to the Significance Tabl es:

- No significant difference at 0.05 |evel of significance.

P - Significant difference between the two groups at 0.05
| evel of significance.

A - Significant difference between the two groups at 0.01

| evel of significance.

APPENDI X- |

Definitions of Terns:

Maxi mum phonati on ti ne:

The | ongest duration, out of three trials, for which an

i ndi vidual can sustain phonation, after taking a deep inhalation.

Fundanent al frequency of phonation:

The nean frequency of the steady portion of phonation as

di spl ayed on the Pitch Analyzer.

Speaki ng Fundanental frequency:

The nmean frequency of the speech stinulus displayed.

Frequency range in phonation:

The difference between the highest and the | owest frequency
occurring in the steady portion of phonation.

Frequency range in speech:

The difference between the highest and the | owest frequency

for the speech stinuli.



Intensity range in phonation:

The difference between the highest and the lowest inten-
sity in the steady portion of phonation.

Intensity range in speech:

The difference between the highest and the lowest intensi-
ties 1in the speech stimuli.

a -parameter:

The ratio of the intensity levels of the harmonics between
1-2KHz to the intensity levels below 1000Hz, as shown by the
High Resolution Signal Analyzer.

Rise Time of Phonation:

The difference in centiseconds between the initiation of
phonation and the time at which phonation becomes steady, in
terms of the intensity.

Fall-time of phonation:

The difference in centiseconds between the time at which
the intensity curve began to decrease and the termination of
phonation.

Vowel Duration:

The duration from the beginning of the vowel to the beginning
of the following stop as shown by the High Resolution Signal

Analyzer.





