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CHAPTER |
| NTRODUCTI ON

"Hearing 1s as inportant to good speech as sight is to

good handwiting. it is the neans by which sounds are
| ear ned, articul ation S di rected, and inflection

controlled". (West, 1947)

Hearing validates the speaker's accuracy of expression
t hrough speech. Voice being the carrier wave of speech, wll
be one of the aspects affected by the hearing inpairnent.
Monsen, Engebretson and Vemula (1979) have stated that
"deaf ness, even profound deafness, does not prevent an
i ndi vi dual from produci ng voi ce. However, hearing inpairnment

does affect the control of voice production”.

Congenitally hearing inpaired face a difficult task of
learning the intricate and conplex respiratory-phonatory-
articulatory maneuvers. On an average, one of the five spoken
words by a typical hearing inpaired speaker is understood by
listeners wunfamliar with their manner of speaking (Smth,
1975). Therefore, speech in the hearing inpaired is not a
vi abl e- instrunment for communication and can cause breakdown,
frustration in daily conmmunication, for the hearing inpaired.
Wen a hard of hearing person speaks, his voice «calls
attention to itself than to the content of speech. Therefore,
this aspect of speech of the hearing inpaired have been
investigated by many (Hudgins and Nunmbers, 1942; Marki des,
1960; Calvert, 1961; Hood, 1966; Boothroyd et.al. 1974,
Ni ckerson et.al. 1974; Monsen, 1976; Osberger, 1978).



The voice is normally nonitored by ones auditory
feedback, which 1is affected in a hearing inpaired. Sapir,
McLean, and Luscher (1983) have reported that ... "t he
auditory feedback nmay have a potential role in nodulating

| aryngeal phonatory out put, reflexively nediated through

br ai nstent' .

There is a possibility of vocal abuse and vocal nodul es
in children with hearing |oss (Seaman, 1959; Arnold, 1965).
Some of the terns used to describe their voice are

Shrill, Guff, Mnotonous, Hypernasal, Hyponasal, Breathy,
Harsh, Holl ow and Nonresonant.

Most of the studies on the voice of the hearing
i npai red, in the past years, were based on subjective
eval uations where a normal |istener has been used to anal yse.
(Hudgins and Nunbers, 1942; Penn, 1958; Calvert, 1962;
Martony, 1965; DiCarlo, 1968; WMarkides, 1970; Boothroyd
et.al. 1974, N ckerson et.al. 1974; Smth, 1976 and 1986;
Gsberger and MGarr, 1978; Geffner, 1980; and others).
Comapratively, very few objective studies have been conducted
(Calvert, 1962; Mdunpha, 1966; Monsen, 1974 and 1976;
G | bert, 1975; Metz, Wiitehead and Mashie, 1982; and
Raj ani kant h, 1986) and specifically on glottal wave fornms in
the hearing inpaired (Mnsen et.al. 1979). To investigate the
effect of hearing inpairnment on vocal functioning, it is
necessary to observe the glottal wave form separately from
the effects of supraiaryngeal structures. It has also been
found that anal ysis of behaviour of vocal cords would provide

better wunderstanding of the voice nechanism Hence, the
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present study ainms to analyse the paraneters of glottal wave

forms in the hearing inpaired Indian popul ation, using an

El ectroglottograph (E. G G.).

Statenent of the probl em

To study the effect of the hearing inpairnent on the

paranmeters of glottogram

The study 1is hoped to provide sone information about
the effects of hearing inpairnment on the voice production,
which inturn would help in the therapy for the hard of
hearing subjects.

The hypotheses tested in the study are -

There is no significant difference between nales and
femal es, both in

a) normals and

b) hearing inpaired groups, in the paraneters neasured.
I There is no significant difference in the paraneters of

the glottogram between the normal and the hearing
i mpai red groups for the vowels /a/, /i/ and /u/.

The paraneters were:

a) Open Quotient (OQ

b) Speed Quotient (SQ

c) Speed Index (Sl)

d) "S" Ratio (SR

e) Jitter (J)

f) Shimrer (S

The glottal wave fornms in the hearing inpaired speakers
during the phonation of [al, /il and /[u/ using a

El ectrogl ott ograph and Hi gh Resol ution Signal Analyser (HRSA)

wer e anal ysed.
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Thirty hearing inpaired subjects, fifteen nmales and
fifteen females wth a nmean age of 23.27 years and 20.77
years respectively, served as subjects. Their hearing |eve
was not less than 70dBHL in the better ear. The paraneters

included for the purpose of the study were:

1. OpenQuoti ent (OQ

OQ is the ratio between the open phase to the total

vi bratory cycle.

Open phase

oQ =
Vi bratory period

2. Speed Quotient (SQ):

SQ is the ratio between the opening time to the closing
time in a vibratory cycle.

Opening time

SQ:

Closing time
3. Speedl ndex(Sl)
Sl is obtained by -
Openi ng phase - C osing phase

Sl =
Openi ng phase + C osing phase
SQ- 1
i.e. si =
SQ+ 1

4. "S" Ratio (SR):

SR is given by -

Area occupi ed by contact phase

SR =
Area occupi ed by open phase
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5. Jditter (J):

Jitter is the cycle to cycle variation in the period

t hat occurs during sustained phonation at constant |evel.

6. Shimer (9):
Shinmmer is the cycle to cycle variation in the

anpl i tude that occurs during phonation at constant |evel.

Limtations of the study:

1. Study was carried out on 30 subjects in the age range 15-
40yearsand15-29yearsinmal esandfenal esrespecti vel y.

2. dottal wave forms were investigated only during phonation
of vowel s.

3. Only six paraneters were considered.
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One of the nost viable theories in speech and hearing
science describing the interaction between speech perception
and production was given by Fairbanks (1954). Fai r banks

presented his concept in the formof a nodel (fig.1). This

nodel is based on operational principles rather t han
anatom cal structures. (It contains ternms like "controller
unit", "notor", "generator", and "sensor", rather than brain,

lungs, larynx and ear respectively). The principle of closed-
cycle control was used in the nodel. Any self-regulating
system that controls its own performance to achieve a goal,
is a closed-cycle system Another principle is that of

negative fead back. which is basic to correcting the

performance of an honmeostatic system

E,_f:‘l_fgrl'\.'\f-f’ r_:I\’ ina ,’_.;_r._z_</1.-_1__‘ {- EEEL TI'J/“ U{\J T
MiX eV |t (2 -

C.oNTROLLER?

| J.
Output
Errov, i_f*.fe*_f_"’_i‘—(ﬁﬂwm\wm - b

' P . !
' -::Or.c\q | | ] | : N
R e R,
T v 75 R
! | NEE
| f S| |9
s scenmy,, | | " s <

| Sene r_?_L'}J | = - ]
Sl g f"; sor 28 [Sensw TR

gk 5‘?"4'»’:- S E r. Spl. 1{(!!*1'

‘ > } r ur"[:cr" —1l|"l the
F. ) I_ : del af a f’»"‘"“l yele contrd s H" -P‘rf _";"“—‘ M ﬁ Lt CionSISTE 9" nsTY [ p
fq { Mad e } ,rrnr e (Wagg (’r‘ IS
- "-"f(pr{’nr ;r";‘ ‘F"’" r°4“' P" ‘2 Soun '} The ?‘; cmy  Ling f‘ mer‘\ bacd Ou [‘\ 1
compored ""'F”‘l ingtrudtions o deter min cercectlons, il any,thol ove neddeg ! ¥

In the nodel, the input consists of instructions to the
effector wunit for production of a sound. The sensor wunit
feeds back the output information which is conmpared with the
original instructions to determ ne corrections, if any, that

are needed.

*From Fari banks, G, Systematic research in experinental phoneti

|. A theory of the speech nechanismas a servosystem JSHD 19, 1
1964.
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Mani pul ation of the nodel reveal that m stakes |ike

substitutions, distortions, om ssions, denonstrably caused by

conmponent defi ci enci es.

Some of the inportant inferences fromthe nodel are
First, to disrupt auditory, tactile, or kinesthetic feed back
would be to disrupt speech output. Second, set points
(articulatory t ar get s) to guide sound production are
established initially by open-cycle control when the <child
acquires the speech patterns of his culture. Third, once the
set points that match cultural norns are stabilized, the
child can guide future speech performance automatically by
cl osed-cycle control. Conversely, if he stabilizes the set
points that do not match cultural standards, he nust be
either unable or unwilling to discrimnate and correct the
difference between his defective performance and acceptable

sound producti on.

Auditory nmechanism provides feed back to the speaker
only after the utterance has been made, so that one can only
correct the error. However, audition is used to sharpen the
speech sound target, and if speakers listen to thenselves, to

catch errors. (Borden and Harris, 1980)

The effect on speech and |anguage devel opnent and
mai ntenance is one of the nost depriving effects of hearing
inmpairment. Hearing inpairment affects the voice which is the
carrier wave of speech. The Iliterature abounds with

references to the voice quality of the hearing inpaired.
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The speech of the hearing inpaired individual is not a
viable instrunent for communication. A naive listener nay
under stand about one word in every five produced by a hearing
inpaired, while an experienced listener's (Eg. teachers of
the hearing inpaired) ability to understand the speech of the
hearing inpaired seens to be clearly superior (Mngan, 1961
Mar ki des. 1970; Smith, 1975; and Monsen, 1978). Acquired
hearing inpairnment will have little imedi ate effect on the
intelligibility of the speech, but after a period of hearing
i npai rment, certain sounds deteriorate along with voice, as
one of the nost inportant feed back instrunent (i.e. hearing)

is inpaired.

The National Technical Institute for the Deaf, U S A
whi ch carefully nmeasured the conmunicative skills of each of
its student upon initial enrollnment, has found that anong its
entering students 90% could use their residual hearing to
sone extent but only 10% knew how to do so to their best
advant age; 56% had speech that could be understood by the
general public and 21% had speech that can be understood only
by a trained listener, 85%were far bel ow the average hearing
college student in the ability to read or to wite expressive
English, and 65%in social situations in which that was the

only neans of receiving information. (Johnson, 1976)

The involvenent of speech due to hearing inpairnent
vari es considerably according to the type, severity, age of

onset of hearing inpairnent, and many such factors.
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The speech of a person with a hearing inpairnment before

learning to speak (pre-lingually), wll present defects in

voice and articulation. A person wth acquired hearing

is likely to present defects of
| f

i npai rment (post-Iingually),

voi ce, but no appreciable difficulty with articulation.

P.T.Q
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the inmpairment of hearing is sufficiently severe, both voice
and articulatory difficulties are likely. Therefore hearing
i npairment can be said to have causal relationship to certain
types of voice and articulation disorders (Eisenson, Kastein

and Schnei derman, 1958).

Hence, there is a great need for appropriate managenent
in ternms of early identification, early i ntervention
inproved elenmentary and secondary education for the hearing

- inmpaired, increased post secondary opportunities, etc. along
with the general needs l|ike properly trained professionals,
appropri ate teaching techni ques, and of sufficient research.

For a successful managenment of the hearing inpaired,
detailed research should not only continue but should be
accel erated. The varied nunber of experinental Ilimtations
allows for the study of only a few factors at a tine.
Therefore, the effect of hearing inpairment on different
areas |like voice, speech and |anguage are studied separately.

The investigators have described the voice quality of
the hearing inpaired as nonotonous, |acking accent, rhythm
poor resonance, poor carrying power and unnatural qualities
(tense, Dbreathy, harsh, throaty etc. etc.). Calvert (1962)
has identified nore than fifty two different adjectives to
describe the quality of the voice of the hearing inpaired.
Voi ce quality deviations have been found to acconpany hearing
| osses of 45dBHL and greater (Silvernman, 1960), with the

degree of abnormality of speech being greater in persons with

nore severe | osses (Hudgins and Nunmbers, 1942).
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Ling (1975) is of the opinion that ... "the problens
related to voice as resulting fromtoo nuch early enphasis on
articul ation skills when there has been i nsuf ficient
attention pai d to control of br eat hi ng and early

vocal i zati on".

Peterson (1967) has stated that ... "A child wth
hearing inpairnment nay produce the sanme individual sounds,
the quality of his word production differs fromthat of a
child with normal hearing. Distortion of vowel-consonant
transition in the formation of words and instability in
fundanmental frequency appear to be distinctive features of
the relatively unintelligible speech . The intelligibility of
speech is poor because the speech is conposed of correct

single elenment and incorrect transitions".

Engebretson, Monsen and Venula (1979) fromtheir study
concluded that "Hearing inpairnent does not prevent an
i ndi vidual fromnerely causing the vocal folds to vibrate for
voi ci ng of speech. O her laryngeal functions (like protecting
lungs, locking air) are like that of normal individuals in

hearing inpaired. Simlarly individual glottal pulses are

like that of normals'. In the sense, the nmere generation of a
gl ottal pulse is not hindered or changed by heari ng
i npai rnment. However, speakers do not produce glottal pul ses

as isolated entities and they are not perceived that way

ei t her.
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Consecutive glottal pulse changes nmake the effect of
hearing inpairnent apparent, i.e., the hearing inpaired do
not control the overall tension of the vocal folds in a
manner, as evidenced by the common occurrence of period-to-

peri od abnormalities".

Jones (1967) surveyed t he literature on t he

voi ce/ speech of the hearing inpaired and summarized the

findings as foll ows:

Hudgi ns (1937) reported that the hearing inpaired expelled
nore breath per unit of speech than nornals.

Rawl i ngs (1935) indicated that the speech of the hearing

impaired is produced in a breathy manner with excessive
br eat hi ng novenents.

A series of studies by Voel ker (1967) suggested that the
durational features of the hearing inpaired to be 150%
slower than normally hearing. The hearing inpaired had
much |onger pause intervals between phonation, on an
average. They took tine alnost four tinmes greater than
normals to say a sentence.

Mason and Bright (1937) have reported an overall sl owness,
the rate of the hearing inpaired speaker varied greatly
within a sentence, whereas the rate of a normally hearing
speaker was quite constant.

Forner and Hi xon (1976), Whitehead (1982) have observed

two respiratory problenms in the hearing inpaired. The
are:

"1. They initiate phonation at too low level of vita
capacity and produce a reduced nunber of syllables per
br eat h.

2. They m smanage the volune of air by inappropriate valving
at the laryngeal level, i.e., 100 cc/syllable, whereas for

normals it is 20-40 cc/syllable".
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- Scuri (1935) and D Carlo (1964) reported poor rhythm
resulting from inadequate breath control during speech

producti on.
- Angel occi  (1964) has concluded that hearing inpaired do
not have clearly defined vowel target ar eas in
physi ol ogi c terns. The heari ng I mpai r ed speaker

apparently achieves vowel differentiation by excessive
l'aryngeal differentiation with only mnimal articulatory
vari ations.

Voi ce onset time (VOI) in hearing inpaired subjects has
al so been submtted for observation by Canpbell and G bert
(1978) ... "Voi ce onset tinme is an acoustic cue which may be
used to evaluate the coordination between the vocal fold
activity and articulatory novenents. As a group, hearing
inmpaired speakers exhibited |longer voice onset tinme for
voi cel ess stops than their voiced cognates in both pre-and
post- vocalic contexts. VOI for hearing inpaired were shorter
than for normal hearing, which may be due to reduced
intraoral pressure during the production of stop consonants.
Reduced intraoral pressure would increase the transglottal
pressure differential which inturn would decrease the lag in
vocal fold vibration activity or the shorter voice onset tine
may be due to lack of auditory feed back resulting in early
onset of laryngeal activity after the release of stop

consonant".

Horii (1982) opined that the pre- and post- phonatory
abnormal behaviours of the hearing inpaired suggested a |ack
of fine coordination and timng between respiratory and
phonatory systens, while the unstable air flow pattern seens

to be indicative of spasnodic nuscul ar novenents.
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Studies on pitch and intonation in the hearing inpaired
have al so boon carriod out. In normals, fundamental frequency
or pitch varies within individuals and between i ndividuals.
Aver age fundanental frequency decreases wth age unti
adul t hood for both nmales and females (from 275-300Hz to about
200-225Hz in females; from 275-300Hz to about 100-150Hz in
mal es). Wth advancing age, fundanental frequency increases
by about 30 to 40Hz ... (Hollien & Shipp, 1972; and Mysak
1959)

Accor di ng to Fairbanks (1940), t he f undanent al
frequency in normal speech varied over a range of 1-1 1/2

oct aves.

Hearing inpaired are apt to have a relatively high
average pitch leading to vocal strain or to speak in falsetto
voi ce (Angel occi, Kopp, and Hol brook, 1964; Boone, 1966; and
Mar t ony, 1968). The problem was nore in t eenagers
particularly in adol escent boys (Boone, 1966). Also the
average fundanental frequency of different speakers spans

over a w der range.

Fundanental frequency when neasured at the initiation
and term nation and at the high and |ow points of each cry in
t he heari ng inmpaired and normal children, showed a
consi stently higher fundanental frequency in cries of hearing
inpaired at all age levels (from 12 nonths to 4 vyears),

average difference being 120Hz ... (Jones, 1967)
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Meckfessel (1964) and Thornton (1964) have reported
that the speaking fundanental frequency in post-pubescent
hearing inpaired nales that were higher than those for
normally hearing. Ernovick (196b) and G uenould (1966) have

also reported simlar results.

Raj ani kanth (1986) reported a fundanental frequency of
the vowel /a/ in 10-15 year age group to be closer to nornma
range; whereas for /i/ and /u/, it was much higher than
normal hearing subjects. The 15-20 year age group showed a
significantly hi gher fundanental frequency than nor mal
hearing. He also reported frequent pitch breaks towards |ower
frequencies and sonetines higher, resulting in a wde
frequency range. Thus showing an inability to produce the

vowel with steady pitch

In speaking, Rajanikanth (1986) reported that, the
fundamental frequency differed between the two age groups in
mal es. In contrast to males, the hearing inpaired femnales
showed a larger nean value than nornmals and also a wde
individual variations. This was attributed to the |l|ack of
auditory feed back and/or to higher fundanental frequency

t han normal s.

Average fundanental frequency of speech in the hearing
inpaired increases wth the difficulty of the wutterance.
Production of high pitch requires increased vocal effort
(such as increased tension in cricothyroid nuscle and

i ncreased subglottal air pressure). WIlemin and Lee (1971)

2.11



hypot hesi zed that the hearing inpaired speakers generate high
pi t ched tones as a way of providing Kkinesthetic cues
concerning the onset and progression of voicing. Some unusual
pitch variations in the speech of hearing inpaired may result
from attenpts by the speaker to increase the amount of
proprioceptive feed back that he receives fromthe activity

of speech organs.

The hearing inpaired are wunable to control t he
| aryngeal muscul ature during speech production. According to
| sshizaka and Isshiki (1976), wvariability in phonation is
related in part to a tension inbalance between right and |eft
vocal f ol ds, or to inappropriate |aryngeal structure
positioning ('postural' error in speech production). This
leads to pertubations of the vocal fold vibratory cycles
and/or spatially and tenporally inappropriate vocal fold

abductory actions associated with certain segnental devoi cing

gesture.

Mashi e (1984) has reported a unique and abnornally w de
glottal opening interfering with tenporal scheduling between
| aryngeal and oral events associated with voicel ess stops.

Mashi e (1984) also observed that the abduct ory-
adductory gestures appeared to be discontinuous in nature

* which may be due to certain inappropriately abstracted
suggestions nade during speech training of the hearing
i mpai r ed.

Pitch variations in subjects with hearing |oss has been
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found to be |ess when conpared to normal heari ng, i.e. flat,
nonot one speech has been observed (Calvert, 1962; Martony,
1968). Sorenson (1974) reported particularly inappropriate
pitch breaks or insufficient pitch changes at the end of the
sentences. A termnal pitch rise may be nore difficult for a
hearing inpaired to produce than a termnal fall (Pronovost
et.al. 1968). Hearing inpaired subjects who tend to produce
such syllable with equal duration nmay also generate a simlar
pitch contour on each syllable. Such speakers fail to
indicate variations in stress either by changing the syllable

duration or by nmodifying pitch contours on the syll ables.

McGarr and Osberger (1978) evaluated the pitch deviancy
of the hearing inpaired on a five-point rating scale of
perceptual judgenent. Results showed that a |arge nunber of
children received pitch ratings that were either appropirate
for their age and sex or differed only slightly from opti nal
| evel . Sone children showed pitch break or large fluctuations

in pitch.

Pronovost (1968) reported that the hearing inpaired

tend to increase the vocal effort while trying to increase
t he pitch.

Fai rbanks et.al. (1954) have found that the hearing
inmpaired children produce the vowels (i,l,u) on a higher
fundanmental frequency than the other vowels of English. In

normals, high vowels are produced on a higher fundanenta

frequency than low vowels, resulting in an i nverse



rel ati onshi p bet ween fundanental frequency and frequency

| ocation of first formant of the vowel. Fundanental frequency
in hearing inpaired for all vowels was higher (Angel occi
1964) neasures of vowel anplitude was also higher in hearing
i npai red than normal s. But range of frequency and anplitude
values was greater for normals than for hearing inpaired in

the formants.

Studies on the loudness of the voice in the hearing
i mpai red have al so been conducted. The voice of the hearing
inmpaired is either too loud, or too soft, or with erratic
changes in |oudness. The way in which the |oudness of a
speaker's voice is affected by hearing |oss depends on the
type of hearing inmpairment. MIler (1968), Berry and Ei senson
(1947) have stated that the person with sensorineural hearing
loss can be differentiated froma person wth conductive
hearing loss on the basin of voice. The latter will have a
voice which is loud enough for himto hear hinself. In this
group, regardless of the age of onset of hearing inpairnent,
| oudness of voice will be inadequate and the voice also |acks
the variety in pitch. The one with sensorineural hearing |oss

uses a loud voice in order to hear hinself.
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Several workers have studied the quality of voice in
the hearing inpaired. Hearing inpaired have a distinctive
voice quality according to Bodyconb (1946), Boone (1966),
Calvert (1962) and many ot hers. However, the exact definition

of the termvoice quality itself is not clear. Calvert (1962)

has listed nore than fifty two different adjectives (flat,
breathy, nasal, throaty ...) to describe the quality of voice
in hearing inpaired. oj ectively, there is no genera

characteristic that best typifies the speech of the hearing

i npai red (Benson, 1957; Smith and Hutchi nson, 1976).

Pet er son (1946) considered voice quality to be
relatively wuninportant for speech intelligibility. On the
other hand, Adans (1914) pointed that ... "it mght have
little effect on intelligibility, but plays a very inportant
role in determning whether what a heari ng i mpai red
individual 1is saying wll in fact be understood by an

unfam liar |istener".

Cal vert (1961) reported that the teachers of the
hearing inpaired subjects could reliably differentiate the
voices of the profoundly hearing inpaired from normal
speakers, provi ded the speech sanple had articulatory
novenment, such as a diphthong or a CVC syllable. Further
Calvert (1961) has opined that this differentiation is

related to articulatory novenent over tine rather than to.
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voice quality per se. Calvert (1961) also noted that the
voi ce of the hearing inpaired was identified not only on the
basis of relative intensity of the fundanental and the
harnmonic frequencies, but also by the dynamic factors of
speech such as transition gestures, that change one

articulatory position into another.

MIller (1968) has speculated that - "the type of
hearing loss to be a causative factor for nasalization
problens in sone i.e., hyponasality may be preval ent anopng
conductive loss individuals, because, the nasal sounds may
appear excessively loud to the fornmer, due to bone conduction
heari ng. I ndi viduals with sensorineural hearing |oss, on the
other hand, rmay welcone additional cues provided by nasa
rsonance and therefore tend to nasalize sounds that should
not be nasalized".

Ni ckerson (1975) elaborated on the above specualtion,
that ... "the nasality problemis a voice quality problem it
can also give rise to articulatory problemin sounds |ike
mn,y which may be substituted by b,d,g or vice versa. Timng

of velar novenent is also inportant in nasalization".

Breathing can be heard in the voice of the hearing
i npaired, which may be due to inappropriate positioning of
vocal cords and poor control of breathing during speech
i.e., too large a glottal opening. because of failure to
close the vocal folds properly, may result in a large
expenditure of air and thus produce a voice of poor quality

(Hudgi ns, 1937).
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According to Ling (1876) ... "breathy voice quality
occurs when there is relatively little tension on the voca
cords, which therefore open and close nmainly in response to
aerodynamic flow (The Bernoulli effect). In this condition,
the glottal pulses which set the supraglottal cavities to
resonances have a weak, triangular wave form the resulting
voi ce spectrum has been found to be weak in upper partials.
When nore nuscle tension is exerted, the vocal cords are |ess
readily parted by subglottal pressure and nore readily close
in synchrony with Bernoulli force. The glottis in this latter
condition opens for less than half of the vibratory cycle
(the extent depends on the degree of nuscle force), and the
resulting glottal pulses, having a sharper onset-offset tine,
resulting in a voice with strong high frequency conponents.
Spectrum of a breathy voice may have a slope of 16dB/octave,

the spectrum of a stronger voice nmay have a slope of |less

than 16dB/ octave. In the latter, the upper formants of the
vowels will be considerably nore audi ble than when the voice
is breathy".

Harnonic distribution in the hearing inpaired voice
would not only show the phonatory behaviour but also the

contribution of supraglottal resonators to the voice.

Ling (1976) further has stated that ... "tension of the
pharyngeal walls accounts for a considerable proportion of
vocal resonance problenms that anong hearing I mpai r ed.

Pharyngeal tension tends to inhibit nodification of vocal
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pitch because the tension in pharyngeal structures usually
extends to the larynx. It also nodifies the shape of the
cavity behind the tongue and hence changes the intensity and
frequency of the vowel formants. Such tension may be induced
t hrough speech exercises involving exertion or may occur of
learning to nodify vocal pitch,through feeling the larynx

" Further, the strain inposed during-the act of
voicing leads to inflammation and/or structural changes in
the larynx ... (as in hard glottal attack, tension of voca
folds, etc.) which in turn led to vocal abuse.

Children with no or minimal residual hearing use
falsetto voice, which can be prevented easily by making use
of low frequency audition, or stretching the head backwards".

Probl ens on attributes of voi ce, t hough  dealt
i ndependently are not independent. (BEg; pitch, volune and
timng are intimately interdependent as determners of
stress) Most of the hearing inpaired individuals nust be
taught to acquire this interdependent skill. Lass (1982)
stated that "within the last two decades, advances have been
made in studying the speech of the hearing inpaired, which is
largely due to devel opnent of sophisticated processing and
anal ysing techni ques in speech sci ence, el ectrica
engi neering, conputer science ... which have increased the
know edge of normal speech production. In turn these advances
have been applied to analysis of the speech of the hearing
impaired as well as to the devel opnent of clinical assessnent

and training procedures”.
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According to Fourcin and Abberton (1972) visual display
helps in training the hearing inpaired. They opine that, the
i nst ant eneous di spl ay of the systematically changi ng
fundanental frequency patterns of speech forns a basis for
training intonation and rhythm which are crucial factors of
speech for conveying grammatical, semantic information and

enotional attitudes.

The wvocal fold vibration is observed and neasured
t hrough various techniques |ike endoscopy, st roboscopy,
inverse filtering etc., dinically laryngeal wave forns or
| aryngogram (Lx) can be recorded on a sinple equipment known
as Electroglottograph or Electrolaryngograph with a display
unit, and it is quite unaffected by acoustic noise. (Fourcin,

1974)

El ectrogl ott ogr aphy is a technique in which t he
transverse electrical inpedance varies wth opening and
closing of the glottis, and results in variation of the
el ectrical current in phase with the vibratory phases of the
vocal fold, resulting in glottogram (Lx). The glottogram or
| aryngogram provi des information, during voicing, regarding

frequency of excitation, pertubation in vibration, etp.

Characteristics of Lx:

Vocal fold vibration in normal voice production is
highly conplex. Lx is a function of the electrical inpedance

across the thyroid cartilage of the speaker.
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Different investigators give different descriptions of
Lx. Hrano (1981), More and Thonpson (1985), divided the
vibratory cycle into opening, closing and closed phase. The
interpretation of Lx was confirmed by Fourcin (1974), who
correlated the different phases of the Lx with the glotta
area obtai ned sinultaneously on stroboscopy photography.

There are three layers in the vocal cords - body, cover
and mnucus. In normal voice, fromthe beginning of the open
phase to its end, the cover of the vocal fold to defornmed by
a wave-like notion which travels fromthe lower to the upper
surface. The end of the open phase 1is <characterized by
contact between the extrude covers at the |ower edges of the
glottis. The beginning of separation phase is also initiated
at the lower surfaces and the cover surfaces nore gradually

pull apart as the area of contact is dimnished. Conplete

period is then recommended by the onset of closure as before.

Cureer /\

S—— T: -
Fig 2: Curve of glottal waveformas a function of tine

n

Rel ative duration of the phases is variable, depending
on the circunstances of phonation. Usually the opening phase
(OP) is 50%of the vibratory cycle, closing phase (CP) is 37%
and the closed phase (C is 13% at conversation pitch and

intensity.
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Cl osing phase is the sharp upward curve in the Lx wave
form  Maximum vocal fold contact is when the Lx is at its
peak. The slower separation of the vocal folds is shown by
the shallow curve leading to the flat trough in Lx which 1is
related to opening phase. This opening phase is larger than
closing phase with respect to the time in mlliseconds. This
IS probably because, during closing, along with the
Bernoulli's force, elastic recoil of the vocal folds also
play a role. This additional force reduces the closing phase

dur ati on.

The absolute nmagnitude of the signal (mv) is not taken
in the nmeasurement because, there are mgjor fluctuations due
to bypassing effects through subcutaneous fat and other neck
tissues. Moreover, a large variability is observed between

i ndividuals. (Lecluse, 1977)

The time at which conductance is maximal is always
easily identified and therefore, considered as a valuable

reference point.

Artifacts that may occur in the use of E GG are:
- Variation of inpedance between the electrodes and the
skin, that do not depend on the vocal fold novenents are
al so included.

- Vertical displacenent of the larynx in relation to
el ectrodes.

- Condition of cervical structures other than glottis.
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Tintke, Von Leden and Moore (1958), expressed the
relative durations of the phases of vibratory cycle in terns
of quotients. Since then various quotients and indices have
been derived using the measurenents of duration of different
phases of the vibratory cycle in order to study the glottal

wavef or m

1. Qpen Quotient: (OQ

OQ is defined as the ratio of the open phase to the

total "period of vibration, i.e.

Open phase

(n:

Total duration of the cycle

There is a relationship between OQ and the fundanental
frequency of vocal fold vibrations. OQhas been found to
increase wth increases in fundanental frequency. (Ti ncke,
1957)

Ti ncke (1957 and 1960) observed an increase in OQ wth
falling intensity and decrease in OQwith rising intensity.
But Luschinger (1956) stated that OQ was practically
i ndependent of sound intenisty. (i.e. OQ was 0.66 and 0.66 at
two pitch levels of 327 and 325Hz at 65 phons. And 0.66 and
0.62 for these pitch levels at 80 phons).

Tincke further states that OQ was larger wth open
phase being larger. The value of OQ was 1.0 when there was no

complete glottal closure.
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It has been denonstrated mathematically (Flanagan,
1958) and experinentally (Van den Berg, Zantema  and
Doorenbal , 1957; Tinctke, Von Leden, and Moore, 1950) that the
vocal intensity increases, along wth efficiency of the
glottal generator, as the OQ decreases, i.e. as the fraction
of the glottal <cycle during which the glottis is open,
becomes snmaller. A snmall OQ describes a condition in which
strong, short glottal pulses excite the wvocal tract to
resonat e hi gh harnonics; the sharper the puff, the richer the
glottal wave in the high frequency conponents or high
har moni cs characterize acoustically powerful efficient voca

tones.

Ti ncke et. al. (1958) illustrated the relationships
between OQ and the period of vibration with respect to voca
intensity.

In the above figure. the opening phase was stable with
| oudness change. Loudness was a function of closing phase,
according to Tinctke et.al. (1958).

| sshiki (1966) has found that " ... increase in
intensity brings about increase in closed phase only at |ow
frequency. At high frequency, nuscles of exhalation help in

increasing the intensity.

2. Speed Quotient (SQ or Velocity Quotient (VQ

The time relationshi ps between the opening and closing
phase of each vibrator is speed quotient, according to
Luschi nger (1965). The SQ was proportional to  vocal

intensity, but was not Hnﬁlyenced by the changes in pitch,

\_,)H' " L s
qloeer,

* 'ﬁj.?: Ralakionshp 24 |
beho®rn 08 ownd
vocal  untensi *':’f
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regi ster, vocal type, or sex. During phonation, the vocal
folds close faster than when they open. As the |oudness
increased, the lateral displacenent of the vocal folds also
increased, as they were blown nore vigorously apart (Tintke
et.al. 1958). For trained voices, less lateral displacenent
and a longer period of closure than for untrained, was
reported by Fletcher (1954). The value of SQ given by Tintke
et.al. (1958) was 1.17

3. Speedlndex (SI):

SI is derived fromSQ (Hrano et.al. 1981). The val ue
of SI wvaries from-1 to +1. It is a relative ratio where
positive values indicate nore of opening tinme and negative
value neans nore of closing time of the vibratory cycle; a
zero value indicates equal timng. SI seens to have sone

advant ages over SQ for

- Sl ranges from -1 to +1 whereas SQ ranges over |arger
val ues.

- When two wave fornms have simlar shape, but one is the
reverse of the other in terns of phase, Sl takes equa
absolute value wth reverse signs. But SQ takes two
di fferent val ues, whose product is one.

- One can visualize the wave form from SI val ues nore easily
t han SQ val ues.

- Sl has a simlar relationship wth t he spectra
char?cteristics of the wave formthan SQ (Hrano et.al.
1981).

4."S"Ratio(SR):

SR is the ratio of contact phase to open phase. In
nor mal s, it is around 0.657, whereas it is 0.608 in
dysphoni cs.



6. Ji tter and Shi mer (J&S):

Jitter and Shinmrer are physical correlates of rough or
hoarse voice (according to More and Thonpson, 1965; M chel,
1966; Col eman and Wehdahl, 1967). A nethod of quantifying
normal and abnormal voice is to nmeasure the difference
bet ween the period of each successive cycle. This is Jitter,
which 1is expressed either in mlliseconds or in percentage.
Jitter is the extent of rapid abrupt change in adjacent
periods of the fundanental frequency wave (lwata and Von
Leden, 1970). Horigudu, Haji, Baer and Gould (1986) have
specul ated a relation between jitter analysis of EG G wave
forms and the degree of hoarseness (Spearman' s r ank

correlation coefficient, rs - 0.73, p < 0.0005).

Amplitude pertubation or anplitude variation from cycle
to cycle is shinmer, expressed in dB. Horigudu, Haji, Baer
and Gould (1986) found that shimer was nore sensitive to
| aryngeal pathology than jitter. Both jitter and shinmrer
differentiated extrenely and noderately hoarse voices, but
only shimer could differentiate between noderately and

slightly hoarse voice.

Jitter and Shimer have been found to be wuseful in
differentiating normal from abnormal voice by Koike, 1969,
1973; Mchel et.al. 1973; Horii, 1978, 1979 and others. In
fact, Liberman (1963), Mntgonery et.al. (1970) have reported
early detection of I|aryngeal pathol ogy using shimer and/or

jitter.
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At confortable level, average jitter is 1%or less in
phonation. Different values of jitter and shinmrer as reported
by different investigators.

Jitter: 0.6% (Jakob, 1968) and
0.5% (Horii, 1979).

Shimer: o0.1dB (Koike, 1969; CGould & Kitajim, 1976) &
0.5dB (Horii, 1982).

Jitter and shimrer differences have been shown to exi st
anmong different vowels by Horii (1982). Normative data from
Wl cox and Horii (1960) have shown that /u/ was associ ated
with significantly smaller jitter (0.55% than /a/ and /i/

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

Johnson and M chel (1969) have reported a higher jitter
for high vowels than for |ow vowels. It has also been
reported that when subjects were asked to phonate at a
special intensity and/or as long as possible, jitter and

shi mer val ues i ncreased.

Horii  (1982) observed that vocal fry was characterized
by greater jitter and shimer values than in nodal phonat i on
i.e. 25 Vs 0.9% of jitter, 1.15 Vs 0.48dB of shimmer

respectively.

Monsen, Engebretson and Vermula (1979) have found the
rate of jitter to be higher for hearing inpaired. For
nor mal s, jitter rate tended to be close to the naxinmm
period-to-period change, while for hearing inpaired, maxinmm

peri od-to-period change was greater than average jitter.
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Monsen et. al . (1979) further observed that in nost of
the hearing inpaired, the average shinmer was between 0.02 to
0.06dB (which is also the nornmal range) but a few had doubl e
this anount. The large anounts of jitter and shinmer
constituted an incipient form of diplophonia, or atleast were
related to di plophonia in cause.

There are divergent results pointing to the conplexity
of the relationship anong a |arge nunber of variables that
af fect vocal production. Studies are needed to determ ne the
vari abl es and their interaction in voi ce producti on
(Perkins, 1982)

Fourcin (1974) has reported E GG in different
dysphoni as.

In breathy voice, the open phase was |onger, with |ong
pl ateau between the end of separation and beginning of
cont act .

In creaky voice, low irregular pitch with sharply
defined vocal tract resonances, cl osed phase was unusually
| arger; double vibration pattern (synchopated pattern) was

al so reported by More and Von Leden (1958).

In recurrent |aryngeal nerve paralysis, hi gh and | ow
frequency irregularities were noted.

In |l aryngeal carcinoma, nultiple peaks were observed.

Limted frequency range was observed in vocal polyp,
and also in hearing inpaired.

Speech of a congenitally hearing inpaired was markedly
irregul ar (Engebretson et.al. 1979).

Fourcin and Abberton (1972) have opined that speech
therapy wth interactive visual display of the vocal fold
vi bration wave forns inproved speech, w dened the range of

fundanmental frequency and reduced the scatter.
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Fourcin (1979) nade simultaneous recordings of E GG
and air flow velocity curves for different nodes of
phonati on. He found that the fundanental frequency and the
vocal fold wvibration could be determ ned quite accurately

using E GG wave forns.

The nature of sound generated by vibration of vocal
fol ds can be specified in terns of acoustic and
psychoacoustic ternms. These (fundanental frequency, spectrum
time related variables) are useful in drawing a voice profile

as they provide objective and quantitative data.

Norms of acoustic paraneters have been given, for
| ndi an popul ati on, by Kushalraj (1984), Rashm (1985), Vanaja
(1986) and Sridhara (1986). Sridhara has given normative data
for the paraneters neasured on EEG G A study of the acoustic
paraneters in the hearing inpaired was done by Rajanikanth
(1986). Such information is useful in providing therapy goa

and to check the effectiveness of a technique.

The normative values given by Sridhara (1986) wusing

E.GG for the vowls /a/, /il/, and /u/ are :

OQ was found to be 0.52 in males and femal es; SQ was
1.84 in males and 2.17 in females (the difference between
mal es and fenmal es being significant at 0.001 |evel), SI was
0.29 in males and 0.36 in fenmales (the difference between
mal es and fenal es being significant at 0.05 level), "S" Ratio

was 1.12 in both males and fenal es, jitter value was 0.060
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nsec. in males and 0.046 nsec in females (difference
significant at 0.05 Ilevel), and, the shimer value was
0. 180dB in males and 0.315dB in femal es (difference

significant at 0.05 |evel).

Raj ani kanth (1986) studied the acoustic paraneters in
the hearing inpaired and found that the hearing inpaired used
a higher fundanental frequency than normals in phonation
(/al, /il and /u/) and in speaking. He also reported a w de
variation 1in frequency range and intensity range between
hearing inpaired and normals, the range being nore in the
former in both speaking and phonati on. Further, the hearing
impaired and the normals differed significantly in terns of
rise tinme, fall tinme and maxi mum phonation duration. The
di fference between hearing inpaired and normals reduced (in
rise time, fall tinme and maxi num phonati on duration), as the
age increased. This study is the only study on the acoustic

paraneters of the hearing inpaired in the Indian popul ation.

The Review of Literature so far indicates that nost of
the studies are on subjective evaluations (i.e. listener as
an anal yser). (Hudgins and Nunbers, 1942; Penn, 1958;
Calvert, 1962; Martony, 1965; Nober, 1967; Markides, 1970;
Smth, 1975; MGarr, 1978; GCeffner, 1980).
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Conparatively, there are few objective data (Calvert,
1962; Mcd unpha, 1966; Monsen, 1974, 1976; Gl bert, 197b
Raj ani kant h, 1986) and specifically on glottal wave fornms in
the hearing inpaired (Engebretson, Mnsen and Venula, 1979).
Hence the present study is devoted to analyze the vocal fold
Vi bration in the hearing inpaired wth the use of
el ectrogi ottography technique, in Indian population. The
results thus obtained would provide information regarding the
voi ce production in the hearing inpaired and it is hoped that
this would help in the therapy of voice problens in the
hearing i npaired. It is also hoped to stinulate further

i nvestigations on voice, speech and | anguage of the hearing

i npai red.
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CHAPTERI | |

METHODOLOGY
The purpose of the present study was to analyze the

vocal fold novenent during phonation in hearing inpaired
i ndividual s, wusing electroglottography. Paranmeters selected

for the purpose were:

Open Quotient (OQ
Speed Quotient (SQ
Speed I ndex (SI)
"S" Ratio (SR
Jitter (J)

Shi mrer (S)

AR WN

Test Envi ronnent :

Speech Sciences Lab, Al India Institute of Speech and

Heari ng, Mysore.

Subj ect s:
Hearing inpaired subjects with the followng details

served as subjects for the study.

Sex Nurber Age (yrs)

Mean Range
Mal e 15 23 .27 15- 40
Fenal e 15 20 .77 15- 29

Tabl e-1: Details of hearing inpaired subjects tested.

Hearing threshold 1in each subject was not Iless than
70dBHL in the better ear, and the onset of the hearing |oss
being pre-lingual in age. Except for hearing | oss, there was
no significant ENT problem and no obvious nental retardation
associated, at the tine of testing. Speech perception and
production abilities were not regarded for the purpose of the

st udy.
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Equi pnent used:

El ectrol aryngograph (Kay Elenetrics Corporation)

Hi gh Resol ution Signal Analyzer (B & K Type 2033)

The signal fromthe Electrolaryngograph was fed to
HRSA, which permtted the neasurenent of each phase of

1V 4T o St R o] I =12

- LG i — HRSA :
" ; _ : : =

Fig.3 : Block diagram of the equi pnent used.

Details of the EGG/ELG is presented in Appendi x.
Pr ocedur e:

The subject was made to sit confortably in front of the
equi pnment. The el ectrodes were placed over the neck on either
side of the thyroid cartilage. The electrodes were held in
pl ace by a neck band. The experinenter |ocated the cartil age
before placing the el ectrodes. The position of the el ectrodes
was adjusted to obtain a clear wave form (Lx) on the screen

of HRSA.

Speech Sanpl e:

Phonati on of vowels /a/, /i/ and /u/.

| nstructions:

Each subject was instructed as foll ows-

"Please say the vowel /a/ in your speaking voice till | say
stop". The instructions were in Kannada (as all the subjects
tested were using Kannada), suppl enented by tactile cue and

denonstrati on.

3.2



Before the start of the neasurenent, the instrunments
were checked for battery voltage, overload, and calibration

as per instructions in the manual.

Then, the subject was asked to phonate the vowel and
the signal or wave form on the HRSA screen was observed and

st ored.

Phot ographs-1 and 2, show the instrunental setup and

glottal wave form respectively.
*

On the HRSA display, when the function selected was
"TIME", X-axis represented tinme in mlliseconds, and Y-axis
represented anplitude in divisions which could be converted
into deci bel value. The provision, in HRSA  of noving the
cursor horizontally made it possible to nmeasure tinme at any
given point on X-axis. Wen the function selected was "I NST",
frequency was represented on X-axis and relative anplitude on
Y-axis in the formof spectrum This function was used to
nmeasure the fundanental frequency of phonation for the vowel

in each subject.

By noving the cursor and | ooking at the display of the
wave form tinme in mlliseconds was noted at different points
like P1, P2, P3, P4, P5, P6 & P7. Using the sane procedure

the values for /i/ and /u/ were also obtained.
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Photograph-1:High Resolution Signal Anaslyzer
with Laryngographe
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Photograph-azElectroglotto§ram.
(Lx Wave form
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Fig.4: Characteristics of glottogram

P7-P4 = (Open phase

P5-P3 = Openi ng phase

P3-P1 = dosing phase

Bl Base of the contact phase

- Base of the open phase
HL = Height of the contact phase
= Hei ght of the open phase
P7-P2 = Vibratory period (t)
H1+H2 = Anplitude (a)

Fromthis data, the follow ng paranmeters were obtained:
1. Open Quotient (OQ:
Open phase P7- P4
Vi bratory period P7- P2

(Ig:

2. Speed Quoti ent (SQ :

Opening tine P5- P3
SQ =
Closing time P3- P1
3. Speed Index (Sl):
SQ- 1
Sl =
SQ + 1
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4, 'S Ratio (SR:

SR = Area occupi ed by contact phase

Area occupi ed by open phase

= 1/2 Height 1 x Base 1

1/2 Height 2 x Base 2

= H x B
H2 x B2
Bl = (P4-P2) in nm base of the contact phase
B2 = (P7-P4) in mm base of the open phase
HL = Height of the contact phase i.e. the nunber of vertical
di visions where the positive peak had occured (in mm
H2 = Height of the open phase, i.e. the nunber of vertica

di vi sions where the negative peak had occured (in mm).
Five consecutive cycles, for each vowel, for each

subj ect, were taken to obtain OQ SQ SI and SR

5. Jitter (J):
To obtain this, the period (t) of each cycle (P7-P2) in
ms, was determined for six consecutive cycles i.e. t1, 12,
t3, t4, t5 and t6.
Jis /t1-t2/, /t2-t3/, [t3-t4/, /t4-t5/ and /t5-t6/
Average J of six consecutive cycles was:

J =/tl-t2/ + /t2-t3/ + [t3-t4] + [t4-t5/ + [t5-t6/

(in nsec)
5

This was used to determne J for each vowel in each

subj ect .
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To obtain this, the anplitude (a) of each cycle was
nmeasured for six consecutive cycles i.e. al, a2, a3, a4, a5
and a6 and converted to deci bel val ue.

Sis /al-a2/, /a2-a3/, [a3-a4/, [a4-a5/ and /a5-a6/
Average shinmer for six cycles was got by

S - lal-a2/ + [a2-a3/ + [a3-a4/ + [/ a4-ab5/ + [ab5-ab6/

(in dB)
5

This formula was used to determ ne shinmer for each

vowel in each subject.

The data for all the above paraneters were tabul ated

and subjected to statistical analysis.
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RESULTS AND DI SCUSSI ONS

The purpose of the study was to nmeasure the paraneters
of wvocal fold vibration in the hearing inpaired. The

paraneters studied were :

Open Quotient (OQ
Speed Quotient (SQ
Speed I ndex (SI)
"S" Ratio (SR
Jitter (J)

- Shimer (S

Table-2 and Graph-1, depicts the mean and standard
deviation (in brackets) of OQ SQ SI, SR J and S of the

vowels /al/, /il, [ul in hearing inpaired and normal subjects.

Par aneter'S Mal es Femal es
in Heari ng Nor mal s Heari ng Nor mal s
a, I, u i nmpai red i npaired
a 0.55 0. 65 0.58 0. 69
(0. 06) (0.12) (0.08) (0.12)
oQ i 0.55 0. 67 0.57 0. 66
(0.19) (0.12) (0.08) (0. 13)
u 0.54 0. 67 0. 56 0. 67
(0.07) (0.12) (0.08) (0.11)
a 1.75 2.01 1.87 2.30
(0.77) (0.74) (0.98) (0.59)
SQ i 1.97 1.72 2.20 2.24
(0.98) (0. 49) (1.25) (0. 49)
u 1.99 1.77 2.10 2.21
(0. 66) (0.53) (1.33) (0. 44)
a 0.21 0.42 0.21 0. 49
(0.22) (0. 35) (0.29) (0. 40)
Sl i 0. 27 0.25 0.28 0. 35
(0.22) (0.12) (0.28) (0.12)
u 0.29 0. 26 0. 30 0.35
(0.18) (0.10) (0. 35) (0. 10)
a 1.04 1.13 1. 07 1.08
(0. 26) (0.10) (0.42) (0.16)
SR i 1.23 1.14 1.09 1.09
(0.32) (0.13) (0. 33) (0. 06)
u 1.03 1.15 1.05 1.14
(0. 26) (0.11) (0. 30) (0.13)
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a 0. 327 0. 136 0. 092 0. 074
(0.302) (0.192) (0. 134) (0. 061)
i 0. 111 0.112 0. 094 0. 045
(0. 131) (0. 138) (0.117) (0. 045)
u 0. 199 0. 065 0. 089 0. 047
(0. 199) (0. 038) (0.077) (0. 022)
a 0. 445 0. 088 0. 541 0. 659
(0. 464) (0. 156) (0. 700) (0. 748)
i 0. 815 0. 288 0.571 0. 405
(0. 782) (0. 638) (0. 575) (0. 641)
u 0. 955 0. 256 0. 480 0. 456
(1.162) (0. 536) (0. 307) (0. 442)

Tabl e-2: Mean and Standard Devi ati on val ues of di fferent
par anet ers neasur ed.

Open Quotient (QQ:

OQ in normal ranged fromO0.43 to 0.80 with a nean of

0.65 and a standard deviation (SD) of 0.12 in males for the

vowel /al.

The hearing inpaired nmales showed an OQ ranging from
0.43 to 0.66 with a nean of 0.55 and a SD of 0.06 for the

vowel /al.

The difference in the neans of the OQ between normal
and hearing inpaired nmales for the vowel /a/ was 0.10. The
statistical analysis showed that this di fference was

significant.

OQ in normal nmales for /i/ ranged fromO0.47 to 0.83
with a mean of 0.67 and a SD of 0.12. In the hearing inpaired
males, OQ for [/i/ ranged fromO0.38 to 0.78 with a nean of

0.55 and a SD of 0. 11.



The difference in the neans of the OQof /i/ between
normal and hearing inpaired males was 0.12. The statistical

analysis revealed that the difference was significant.

OQ in normal males for the vowel /u/ ranged from O.46
to 0.81 with a nmean of 0.67 and a SD of 0.12. In the hearing
inpaired males, the OQ for /u/ ranged fromO0.41 to 0.64 with
a mean of 0.54 and a SD of O0.07.

The difference in the nmeans of OQ for /u/ between the
normal and hearing inpaired males was 0.13 which was

significant as depicted by statistical analysis.

In normal femal e subjects, the OQ for the vowel /a/ in
ranged from 0.48 to 0.87 with a nean of 0.69 and a SD of
0.12. OQ in hearing inpaired females for /a/ ranged from
0.42 to 0.69 with a nman and SD of 0.58 and 0.08

respectively.

The difference in females for OQ for /a/ between nornal
and hearing inpaired was found to be 0.11 which was

significant statistically.

oQ for /i/ in normal females ranged fromO0.39 to 0.79
with a nmean of 0.66 and a SD of 0.13. The OQ in hearing
inmpaired females for /i/ ranged fromO0.40 to 0.65 with a nmean

of 0.57 and a SD of 0.08.

The difference in the nean values for OQ of /i/ between
normal and hearing inpaired females was 0.08. This difference

was significant statistically.

4.3



The OQ for the vowel /u/ in normal females ranged from
0.44 to 0.77 with a nean and SD of 0.67 and 0.11
respectively. The OQ for /u/ in hearing inpaired fenales
ranged from 0.38 to 0.67 with a nmean of 0.56 and a SD of
0. 08.

The difference in nean values for OQ for /u/ between
normal and hearing inpaired females was 0.11, which was

statistically significant.

In general, the OQ in the hearing inpaired was | esser
than that in normal subjects for all the vowels and in both
mal es and fenmales. This inplies that in the hearing inpaired,
the duration of the vibratory cycle for which the glottis is

open was | esser than in nornmals.

NH - M NH —F
a + +
i + +
u + +

Tabl e-3: Summary of significance relationship between nornal
and hearing inpaired groups.

where NHM = Significant difference between normal &
hearing inpaired mal es.
NH F = Significant difference between normal &

hearing inpaired femnales.
Thus, the hypothesis-2a, that there is no significant
di fference between normal and hearing inpaired subjects in OQ

for all the three vowl s, has been refuted.



But Mashie (1984) reported "an abnorrmally wi de glotta
opening leading to excessive air expenditure". Forner and
H xon (1976), and Wi tehead (1982) have reported that the
hearing inpaired spend nore air and they use 100 cc/syll able

(normal s use 20-40 cc/syil able).

The results of the present study contradict the report
by Mashie (1984). This may be because of differences in the
nmet hods used and the speech sanple used in these two studies.

This warrants further investigation.

Tincke et.al. (1950) stated that, "small OQ describes a
condition in which strong, short glottal pulses excite the
vocal tract to resonate high harnonics; the sharper the puff,
the richer the glottal wave in the high frequency conponents
or hi gh har noni cs characteri ze acoustically power f u
efficient vocal tones. The presence of the nunber of
harnmonics needs to be studied in the light of the above

report and findings of the present study.

Speed Quotient (SQ:

SQ in normal males ranged from 1.5 to 3.65 for /[al,
with a mean and SD of 2.01 and 0.74 respectively. I n hearing
inpaired males for /a/, SQranged fromO0.78 to 3.37 with a
mean of 1.75 and a SD of O0.77.

The difference between the normals and hearing inpaired
mal es in the nean SQ of /a/ was 0.26. This difference was not

significant statisticaliy.
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In normal males, the SQof /i/ ranged from 1.10 to 3.01
with a nmean and 3D of 1.72 and 0.49 respectively. SQ in
hearing inpaired nales for the vowel /i/ ranged fromO.77 to

4.66 with a nean of 1.97 and a SD of 0.98.

The difference between the normal and hearing inpaired
males in the nean SQ of /i/ was 0.25, which was statistically

not significant.

The SQ for /u/ in normal males ranged from 1.33 to
3.55 with a nean and a SD of 1.77 and 0.33 respectively. In
the hearing inpaired males, the value of SQ for /u/ ranged

from0.89 to 2.79, with a nean of 1.99 and SD of 0. 66.

The difference in the nmean values of SQ for /u/ between
the normal and hearing inpaired nmales was O0.22. Thi s

difference was found to be not significant statistically.

In normal females, the value of SQ for the vowel [a/
ranged from 1.46 to 3.93 with a nean and SD of 2.30 and 0.59
respectively. SQ for /al/ in the hearing inpaired females

ranged from0.46 to 3.44, with a mean of 1.87 and SD of 0.98.

The difference in the nean values of SQ between the
nor mal s and hearing inpaired females was 0. 43. Thi s

difference was not significant statistically.



SQ for /i/ in normal fenmales ranged from 1.16 to 2. 76,
with a nean and SD of 2.24 and 0.49 respectively. In the
hearing inpaired fenales, SQ for /i/ ranged from 0.73 to
5.17, wth a nean of 220 and SD of 1.25 i.e. heari ng
inmpaired fenmales varied nore as a group fromnormal fenales
inthe SQof /i/.

The difference in the nean values for SQ of /i/ between
the normals and hearing inpaired was 0.04, this was

statistically not significant.

SQ for /u/ in normal females ranged from 1.30 to 2. 88,
with a nean and 3D of 2.21 and 0.44 respectively. In the
hearing inpaired females SQ of /u/ ranged from0.68 to 4.55
with a nean of 2.10 and a SD of 1.33.

The difference in the nean values of /u/ between the
normal and hearing inpaired females was 0.11, this difference

was not statisticallysignificant.

NH M NH- F

i - -
u J— J—

Tabl e-4: Sunmmary of significance relationship of SQ
bet ween normal and hearing inpaired.

Thus the hypothesis-2b, that there is no significant
difference between normal and hearing inpaired groups, has

been accepted.
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This finding, that there is no significant difference
between the SQ in the hearing inpaired and normal subjects,
may be because the |oudness of phonation between the two
groups mnmay be conparable and studies by Tincke et.al (1958)
revealed that "as the |oudness increased, the lateral
di spl acenent of the vocal folds also increased, as they were

bl own nore vigorously apart”.

Speed I ndex (SI):

In normal males, the value of SI for /a/ ranged from
0.07 to 1.40 with a nman and SD of 0.42 and 0.35
respectively. Si in hearing inpaired males for /al/ ranged

from-0.12 to 0.54 with a nean of 0.21 and a SD of O0.22.

The difference in the nmean values of SI of /a/ between
normal and hearing inpaired males was 0.21, this was not
statistically significant.

SI  for the vowel /i/ in nornmal males ranged from O0.05
to 0.5 with a nean and SD of 0.25 and 0.12 respectively. In
the hearing inpaired, Sl for /i/ ranged from-0.13 to 0.4b)
with a nean of 0.27 and a SD of 0.22.

The difference in the nmean values of SI between the
normals and hearing inpaired males was 0.02, which was not

significant statistically.

In normal males, the SI for /u/ ranged fromO0.15 to

0.56 wth a nean and SD of 0.26 and 0.10 respectively. SQ in

hearinginpairedmal esfor /u/ rangedfrom-0.06t00. 17w th

a nean of 0.29 and a SD of 0.18.
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The difference between the normal and the hearing
inpaired males was 0.03, the difference was not significant

statistically.

In normal females, the range of SI for /a/ was 0.28 to
1.9 with a nean of 0.49 and a SD of 0.40. Sl in hearing
inpaired fermales for /a/ ranged from-0.37 to 0.56 with a

mean of 0.21 and a SD of 0. 29.

The difference of mean values of the SI of /a/ between
normals and the hearing inpaired was 0.28. This difference

was found to be significant statistically.

SI for [/i/ in the normal fenmales ranged from0.08 to
0.47, with a nean and SD of 0.35 and 0.12 respectively. In
hearing inpaired females, the SI value ranged from-0.15 to
0.68, with a mean of 0.28 and a SD of 0. 28.

The difference between nornmal and hearing inpaired
females in the nean values of SI for /i/ was 0.07, which was

not statistically significant.

SI for /u/ in the normal fenmales ranged fromO0.13 to
0.46, wth a nean and SD of 0.35 and 0.10 respectively. In
the hearing inmpaired females, SI for /u/ ranged from-0.19 to
1.13, with a nean of 0.30 and a SD of 0. 35.

The difference between the normal and the hearing
inpaired groups in the nean values of SI for /u/ was 0.05,

whi ch was not statistically significant.



Tabl e-5: Summary of significance relationship of Sl between
normal and hearing inpaired.

Thus the hypothesis 2c, that there is no significant
difference between SI in normal and hearing inpaired, has

been accept ed.

It has been found that SI value ranges from-1 to +1.
It is arelative ratio, where positive values indicate nore
of opening tinme and negative value neans nore of closing tine

of the vibratory cycle, a zero value indicates equal timng.

The nmean SI values for all the vowels in the nornmal and
hearing inpaired groups revealed that in the total vibratory

cycle, opening tine was |onger, as expected.

"S" Ratio (SR):

In normal males, the SR for /a/ was found to be ranging
from0.93 to 1.2b with a nmean of 1.13 and a SD of 0.10. SR in
hearing inpaired males for /a/ ranged fromO0.43 to 1.35, wth
a nmean of 1.04 and a SD of 0. 26.

The difference between the neans of SR for /a/ in
normals and hearing inpaired was 0.09, whi ch was not

statistically significant.
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SR in normal males for /i/ was ranging from 0.94 to
1.35, with a nmean of 1.14 and a SD of 0.13. In hearing
inmpaired males, the SR for /i/ ranged from0.80 to 1.89, wth
a mean and SD of 1.23 and 0.32 respectively.

The difference between the nmeans of SR for the vowel
/1] in normals and hearing inpaired males was 0.09, this
di fference was not significant statistically.

The value of SR in normal nmales for the vowel /u/ was
ranging from 1.01 to 1.42, wth a nean and SD of 1.15 and
0.11 respectively. SR in hearing inpaired females for [u/

ranged fromO0.44 to 1.56, with a mean of 1.03 and SD of 0. 26.

The difference in the neans of SR of /u/ between nornm
and hearing inpaired males was 0.12, whi ch was not

statistically significant.

In normal females, the SR value for /a/ varied from
0.53 to 1.19, with a nman and SD of 1.08 and 1.16
respectively. SR in the hearing inpaired females for /[al

varied fromO0.63 to 2.04, with a nmean of .07 and SD of 0.42.

The difference in the neans of SR for /al/ between the
normal and hearing inpaired females was 0.01, which was not

significant statistically.

SR in normal fenales for /i/ varied fromO0.96 to 1.15
with a nmean and SD of 1.09 and 0.06 respectively. In the
hearing inpaired females, SR for /i/ ranged from 0.76 to
1.82, with a nean of 1.09 and a SD of 0. 33.
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The difference between normal and hearing inpaired

females in the nean values of SR of /i/ was zero.

In normal fermales, the SR values of /u/ ranged fromO0.9
to 1.48, with a nean and SD of 1.14 and 0.13 respectively. 1In
hearing inpaired females, SR of /u/ ranged fromO.71 to 1.80,
with a nean of 1.05 and a SD of 0. 30.

The difference between the neans of SR for /u/ in
normal and hearing inpaired females was 0.09, which was not

statistically significant.

NH M NH F

a - -
i
Table-6: Sunmary of ~“significance relationship of SR
bet ween normal and hearing inpaired.

Thus the hypothesis-2d, that there is no significant
difference in SR between normal and hearing inpaired groups,

has been accepted.

SR gives information conbining the relative surface and
duration of the vocal fold contact during one vibratory
cycle. In the present study, the SR in hearing inpaired was
not significantly different from normal subjects, and
therefore the contact pattern of vocal folds 1is not

significantly nodified in the hearing inpaired group.



The normal nmales showed a jitter (msec) which ranged
fromO0.005 to 0.724, for the vowel /a/. The nean and SD was
0.136 and 0.192 respectively.

In the hearing inpaired males, jitter of /[al/ ranged

from0.006 to 0.562, with a nean of 0.327 and SD of 0.302.

The difference between the neans of J in /a/ in norma
and hearing inpaired males was 0.191, whi ch was not
statistically significant.

Jitter value for the vowel /i/ in normal males ranged
from 0.016 to 0.550, wth a nmean and SD of 0.112 and 0.138
respectively. In hearing inpaired males, the vowel /i/ had a

J ranging from0.00 to 0.564, wth a nean of 0.111 and a SD
of 0.131.

The difference between the nmeans of jitter for /i/, in
the normal and the hearing inpaired males was 0.001, which

was statistically not significant.

Jitter of /u/ in normal males ranged from 0.024 to
0.120, wth a nmean and SD of 0.065 and 0.038 respectively. In
the hearing inpaired males, the jitter of /u/ ranged from

0.048 to 0.655, with a nmean of 0.199 and 3D of 0.199.

The difference between the neans of the jitter in
normal and hearing inpaired males, for the vowel /u/, was
0.134, which was statistically significant. The jitter was

nore in the hearing inpaired than normal males for /u/.
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Sridhara (1986) reported a higher jitter in nmales
(0.060 nsec) conpared to females (0.046 nmsec), for the vowels
lal, /il and /u/, in normals. Report by Monsen, Engebretson
and Venula (1979) revealed that, jitter was higher in the
hearing inpaired. They also stated that the |arge nunber of
jitter and shimrer constitutes an incipient form of

di pl ophoni a.

In normal females, jitter values of /a/ ranged from
0.010 to 0.244, wth a nean and SB of 0.074 and 0.061
respectively. Jitter of /a/ in the hearing inpaired females
ranged from0.006 to 0.562, wth a nean of 0.092 and a SB of
0.134.

The difference in neans of the jitter of /a/ between
normal and hearing inpaired females was 0.018, which was not
statistically significant.

Jitter value of /i/ in normal females ranged from 0.0
to 0.188, with a nmean and SB of 0.045 and 0.045 respectively.
In hearing inpaired females, the jitter range was from 0.004

to 0.412, with a nmean of 0.094 and SB of 0.117.

The difference between the normal and hearing inpaired
females, in the jitter of "/i/ was 0.049, which was not
significant statistically.

Jitter value in normal fenmales for the vowel /u/ ranged
from 0.008 to 0.09, wth a nmean and SB of 0.047 and 0.022
respectively. In the hearing inpaired females, the jitter for
/u/l  was ranging from0.0 to 0.302, wth a nmean of 0.089 and
SB of 0.077.



The difference between the neans of the jitter in
normal and hearing inpaired females for the vowel /u/ was

0.042, which was not statistically significant.

NH- M NH- F

a - —
I - -
u + —

Table-7: Sunmary of significance relationship of J
bet ween normal and hearing i npaired.

Thus the hypothesis-2e, that there is no difference
between the J of the normal and hearing inpaired has been

accept ed.

The result in the present study, that vowel /u/ was
with significantly nore jitter in hearing inpaired than
normal subjects supports Mnsen et.al. (1979) study. Monsen
et.al. have found the rate of jitter to be higher for hearing

i mpai red.

Shi mmer (S):

In normal males, the shimer (dB) ranged fromO0.0 to
0.40, with a nean of 0.088 and SD of 0.156. The hearing
inmpaired nales showed a shimer of /a/ ranging from0.032 to

1.36 with a nean of 0.445 and 3D of 0. 464.

The difference between the neans of normal and hearing
inmpaired nmales, in the shimrer of /a/ was 0.35% This was

significant statistically.
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Shimer in normal males for /i/ ranged from 0.0 to 2.2,

with a nean of 0.288 and SD of 0.638. in the hearing inpaired
mal es, the shinmer ranged fromO0.00 to 2.4 for /i/, wtha

mean*and SD of 0.815 and 0.782 respectively.

The difference in neans of shimer in /[i/ between
normal and hearing inpaired males was 0.527, which was not

statistically significant.

The shimer for /u/ in normal males ranged from0.0 to
0.8, wth a nean of 0.256 and SD of 0.536. In the hearing
inpaired males, the shimer of /u/ was ranging from0.0 to

2.4, with a nean of 0.955 and SD of 1.162.

The difference between the nmeans of shimer in /u/ in
normal and hearing inpaired males was 0.699, which was not

statistically significant.

In normal fenales, the shinmrer of /a/ was ranging from
0.00 to 2.80, wth a nean and SD of 0.659 and 0.748
respectively. Shinmer of /a/ in the hearing inpaired fenales

ranged from 0.16 to 2.96, wth a nmean of 0.541 and SD of
0. 70.

The difference between the neans of shinmrer in /a/ in
normal and hearing inpaired femal es was 0.118, which was

statistically not significant.
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Shimer in /i/, in the normal ferales ranged fromO0.0
to 2.0, wth a nmean of 0.405, and SD of 0.641. In hearing
inpaired, the shinmrer in /i/ was ranging from0.08 to 2.0,
with a nmean and SD of 0.571 and 0.575 respectively, in

f emal es.

0.116 was the difference in nean values of shimrer in
/1] between normal and the hearing inpaired females. This

difference was statistically not significant.

The shimer in /u/ for normal males was found to be
ranging from 0.00 to 1.2, wth a nean of 0.456 and SD was
0.442. Shinmrer in the hearing inpaired females for /u/ ranged

fromO0.08 to 1.16, with a nean of 0.480 and SD of 0.307.

The difference between the neans of shinmmer in /u/ in
the normal and hearing inpaired females was 0.024, which was

not significant statistically.

NH M NH F

Tabl e- 8: Sunmary of significance relationship of S
bet ween normal and hearing inpaired.

Thus the hypothesis-2f, that there is no significant
difference between the S of normal and hearing inpaired

groups has been accept ed.
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Monsen et.al. (1979) reported an average shimer in the
hearing inpaired which was within the normal range i.e. 0. 02
to 0.06dB, but a few had double this value. The present study
agrees with Mnsen et.al's study except for the greater
shinmmer in hearing inpaired males, in the vowel /a/. Monsen
et.al. further stated that the large anobunts of jitter and

shi nmer constituted an incipient form of diplophonia.

The neans of the paraneters like OQ SQ SI, SR J and
S were conpared between males and females in each group i.e.

in the hearing inpaired and nornmal groups.

The neans of OQ in normal nales and OQ in nornmal
females were conpared, a difference of 0.04, was evident,
which was statistically not significant. The difference
between the nean OQ of hearing inpaired males and fenules,

was 0.03, which again is not significant for the vowel /a/.

The nmean OQ of /i/ between normal males and fenales
differed by 0.01, and that between hearing inpaired males and
females was 0.02. Statistical analysis showed that this

di fference was not significant.

Wen the neans of OQ of /u/ were conpared between
normal males and fermales, the difference was absent. But in
hearing inpaired males and females, the mean OQ of /[u/
differed from each other by 0.02, t hough the difference was

not significant statistically.



N M- H M-

a JE— —_—
| - -

u JE— —_—

Table-9: Summary of significance relationship of OQ
between nmales & females in normal & hearing
i mpai red groups.

NM- = Significance difference between normal mles &
f emal es.
HM- = Significance between hearing inpaired nmales &

f emal es.

-Therefore, there was no significant difference between
male and female subjects in both normal and hearing inpaired
groups in the vowls /a/, [i/ and /u/ i.e., sex is not a
variable for OQ Thus the hypothesis-la and 1b have been

accept ed.

Speed Quot i ent (SQ:

Bet ween nmal es and fenmal es, when the neans of SQ of /a/
were conpared in the normal group, the difference was found

to be 0.29, which was statistically not significant.

Wen the neans of SQ of /a/ were conpared in the
hearing inpaired between males and females, the difference
was found to be 0. 23, whi ch was not significant

statistically.

The nmean values of SQ of /i/ when conpared abetween
mal es and females of the normal group, the difference was

found to be 0.52, which was significant statistically.
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In the hearing inpaired,; when the neans of SQ of /i/
wer e conpar ed, the difference was found to be O0.23,

statistically not significant.

Wen the neans of SQ for /u/ was conpared between
normal nal es and fenal es, the difference obtained was 0. 44,

whi ch was found to be statistically significant.

In the hearing inpaired group, when nales and fenmal es
were conpared for SQ of /u/, the difference was found to be

0.22, which was statistically not significant.

N- MF H- MF
a i i

i + -

u + —

Tabl e-10: Summary of significance relationship of SQ
between nmales & females in normal & hearing

i mpai r ed.
Thus the hypothesis-1b is accepted (i.e. no significant
difference between nmales and fenmales in the hearing inpaired
group). But the hypotheis -1la has been refuted (i.e. there is

significant difference between males and females in the

normal group).

The present results for /i/ and /u/ in nor mal
group contradict Luschinger's (1965) report that "SQ is not
influenced by the sex (other variables not influencing SQ

were pitch, register, vocal type)".
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Speedl ndex(Sl):

In normal group, when, the males and females were
conpared for the nmeans of SI of /a/, the difference was noted
to be 0.07, which was statistically not significant.

The difference in the neans of SI of /a/ in the hearing
i mpaired group, between males and females, was found to be

Zero.

The males and fenales in the normal group differed in
mean SI of /i/ by 0.10, which was statistically significant.
The males and fenmales in the hearing inpaired group differed
in their nmean scores of SI of /i/ by 0.01, which was

statistically not significant.

Wen the nmales and fenmales in the normal group were
conpared for mean Si of /u/, they differed by 0.09, this

di fference was statistically significant.

In the hearing inpaired group, when the nmean SI of /ul/
were conpared, the difference was found to be 0.01, which was

not statistically significant.

N M- H M-
a - -
[ + -
u + N

Tabl e-11: Summary of significance relationship of S
between males & fenmales in nornmal & hearing

i mpai red groups.
SI was significantly different between the males and
females in the normal group for the vowels /i/ and /u/. SI

was significantly nmore in fenmales than in nales.
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Thus the hypothesis-1b has been accepted (i.e., there
is no significant difference between males & females in
hearing inpaired group). The hypothesis-la has been refuted
(i.e., there 1is significant difference between nmales &

femal es in normal group).

"S' Ratio (SR):

Wien the neans of SR for /a/ was conpared between the

males and females in normal group, the difference was found

to be 0.05, which was not significant statistically.

The nmales and females in hearing inpaired group
differed by 0.03, which was not statistically significant

when the neans of SR for /a/ was conpared.

The SR nean values were found to be not significantly
different, when conpared between normal males and females for

the vowel /i/ (difference was 0.05).

The neans of SR for /i/ when conpared between the nal es
and females in the hearing inpaired group, the difference was

0.14, which was not statistically significant.

In the normal males and fenales, the difference in nean
SR of /u/ was found to be 0.01, which was statistically not

significant.

The difference between the males and females of the
hearing inpaired group was found to be 0.02, for mean SR of
the vowel /u/. This difference was not statistically

significant.'
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Tabl e-12: Summary of significance relationship of SR between
males & females in normal & hearing inpaired
group.

Thus the hypotheses-la and 1b have been accepted (i.e.
there is no significant difference in SR between nales and
females for the three vowels in nornmal and hearing inpaired).

Therefore, sex may not be a variable with reference to SR

Jitter (J):

Between males and females, when the neans of jitter
(msec) of [/al were conpared in the normal group, the
difference was found to be 0.062, and statistically not

significant.

In the hearing inpaired group, when the nean jitter of
/al was conpared between nales and fenmales, the difference

was found to be 0.235, which was statistically significant.

Wen the males and females in the normal group were
conpared for the nmeans of jitter in /i/, the difference was

found to be 0.049, not significant statistically.

In the hearing inpaired group, when the nean jitter of
/i ] was conpared between nmales and females, it differed by

0.017, which was not statistically significant.
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The neans of the jitter of /u/ in the males and femal es
of t he normal group differed by 0. 018, whi ch  was
statistically not significant.

Wen the neans of the jitter of /u/ were conpared
between mal es and females of the hearing inpaired group, the
di fference was 0.110, whi ch was not statistically

significant.

Tabl e- 13: Summary of significance relationship of J
between nmales & fermales in normal & hearing
i mpai red groups.

Jitter was significantly different fromthe males and
females of the hearing inpaired group, it was nore in males
only for the vowel /u/. Phonation of /a/ in the hearing
inpaired mal es was |less periodic than that of females, as the
results of the present study reveal ed.

The hypothesis-la has been accepted (i.e. there is no
significant difference in J between wales and females in
normal group). The hypothesis-1b has al so been accepted (i.e.

there is no significant difference between nmales and fenal es

in the hearing inpaired group).

Shi mer (S)

When the neans of the shimer (dB) of the vowel /al/ was
conpar ed, between the nales and fenmal es of the normal group,
the difference was found to be 0.571, and was significant

statistically.
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The neans of shinmmer of /a/ was conpared between the
mal es and fermales in the normal group, the difference was
found to be 0.096, and statistically not significant.

Between the males and fermales of the normal group, the
mean shimer for /[/i/ differed by 0.117, which was not

significant statistically.

The neans differed between the males and fenmal es of the
hearing inpaired group, for the vowel /i/ by 0.244, this

difference was found to be not significant statistically.

The neans of the shimer of /u/, when conpared between

normal nmales and females, differed by 0.200, which was
statistically not significant. When the neans of the shinmer
of /u/ between the males and fenmal es were conpared in the
heari ng i nmpaired group t he di fference was 0. 475.

Statistically the difference was not significant.

N M- H M
a + -
1 - -
u —_ -

Tabl e- 14: Summary of significance relationship of S
between males and females in normal and
hearing inpaired group.

Wthin the normal group, there was difference in the

shimrer for the vowel /a/ between nales and fenmales (Shimer

in femal es was | arger).

Thus the hypothesis-la and 1b, has been accepted (i.e.
there 1is no significant difference between nmal es and fenal es

in normal and hearing inpaired groups).
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Thus it may be concluded that -
1. OQin the hearing inpaired was significantly |lesser than
in normal subjects in the vowels /a/, [i/ and /u/, in both
mal es and females. Wthin the group, there was no significant

di fference between mal es and fennl es.

2. SQ was not significantly different between normal and
hearing inpaired subjects for the vowels /a/, /i/ and /u/, in
both nmales and fenales. Wthin the groups, there was
significant difference in SQ between males and females in
normal s, but SQ was not significantly different between nmal es

and fermales in hearing inpaired group.

3. SI was not significantly different between normal and
hearing inpaired nmales and females. Between nmmles and
females, there was no significant difference in the SI, in
hearing inpaired, but was different for the three vowels in

nor mal group.

4. SR was not significantly different between hearing
i npaired and normal groups. Wthin groups, males and fenal es

did not differ in SR
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5. Jitter was not significantly different between hearing
inpaired and normal in the three vowels /a/, [i/ and /u/.
Between males and fenmales in normal group, there was no
significant difference in the jitter of /a/, [i/ and /u/. In
the hearing inpaired, there was no significant difference

between nmales and fenales in the jitter.

6. Shinmer did not differ significantly between normal and

hearing inpaired for the vowels /a/, [i/ and /u/ in both
mal es and females was not significantly different. Bet ween
the males and fermale:; in the hearing inpaired group and in

normal group there was no significant difference in shinmer

for /fal, /il and /ul.

This information can be used in therapy for correcting
the voice of the hearing inpaired. Visual display of the
normal wave form can be used for providing the nodal, so that
the hearing inpaired can try to approximate the wave shape

and to inprove the voice.



CHAPTERV
SUMVARY AND CONCLUSI ONS
"Deaf ness, even profound deaf ness, does not prevent an
i ndi vidual from producing voice. However, the loss of hearing
does affect the control of voice production, and when people
listen to the speech of a deaf person, a typical reaction is
that the speaker's voice sounds 'abnormal'". (Monsen et . al.

1979)

I n order to investigate the effect of heari ng
i npai rment on vocal function, it i1s necessary to observe the
glottal wave form separately fromthe resonance effect of the
vocal tract. Ther ef or e, in t he pr esent st udy,
el ectrogl ottography was wused to investigate the vocal fold

vi brations during phonation, in hearing inpaired individuals.

Fifteen male and fifteen female hearing inpaired with a
mean age of 23.27 yearn and 20.77 years respectively, served
as subjects. Age ranged from 15-40 years in males, and 15-29
years in females. ALl subjects had a hearing |evel of not
less than 70dBHL in the better ear, wth no significant
associ ated problens. El ectrol aryngograph (Kay Elenetrics
Corporation) and Hi gh Resolution Signal Analyser (B & K Type
2033) were used for neasurenent of the paraneters like Open
Quotient (0OQ), Speed quotient (SQ), Speed Index (SI), "S"
Ratio (SR), Jitter (J) and Shinmmer (S).



The above paraneters were studied in three vowels /a/,
[i/ and /ul/, keeping pitch and intensity of phonation

constant, as far as possible.

After the statistical analysis of the data thus
obt ai ned, the follow ng conclusions were drawn:
1. The nmean OQ for the vowels /a/, /i/ and u/ was 0.55, 0.56

and 0.55 in males, and 0.58, 0.57 and 0.56 in fenuales.

a) There was no significant difference between nales
and females, Dboth in normal and hearing inpaired
groups.

b) There was significant difference between normal and
hearing inpaired groups for all the three vowels
lal, /il and /u/. The nean value of OQ was |ower in
hearing inpaired than in normal subjects.

2. The nean of SQfor the vowels /a/, [i/ and /u/ was 1.75,
1.97 and 1.99 in males, and 1.87, 2.20 and 2.10 in femal es.

a) There was no significant difference in the mean SQ
between nales and fenmales in hearing inpaired, but
nor mal mle and femle subj ects differed

significantly.

b) There was no significant difference between the SQ
of /fal, [i/ and /u/ in nornmal and hearing inpaired
subj ects.

3. The nmean SI for the vowels /a/, [i/ and /u/ was O0.22,
0.27 and 0.30 in males, and 0.21, 0.28 and 0.30 in fennles.

a) There was no significant difference in the nean S
between males and females in hearing inpaired
group. But there was difference in normal group
bet ween nmal es and femal es.

b) There was no significant difference in the nean S
between normal and hearing inpaired subjects for
the vowels /al/, /il and /u/.

5.2



4. The nmean SR for the vowels /al/, /i/ and /u/ was 1.04, 1.24
and 1.03 in males, and .1.07, 1.09 and 1.05 in fenuales.

a) There was no significant difference in the mean SR

between nale and fenmale subjects, in both nornal
?n7 hga;i?g i mpai red groups, for the vowels /al,
i/ and /ul.

b) There was no significant difference between normal
and hearing |nPa|red subjects in SR for the vowels
lal, /il and /ul.

5. The mean values of Jitter for the vowels /a/, /i/ and /ul/
was 0.326, 0.111 and 0.199 nmsec. in nmales, and that in

femal es was 0.092, 0.094 and 0.089 nsec.

a) There was no significant difference in the nean
jitter of the vowels /a/, /i/ and /u/ between males
and females in normal and hearing inpaired groups.

b) For the vowels /a/, [i/ and /u/ there was no
sigificant difference between normal and hearing
i mpai red groups.

6. The nean shinmer for the vowels /a/, [i/ and /u/ in
hearing inpaired mal es was 0.445, 0.815 and 0.955dB, and that
in females was 0.541, 0.571 and 0.480dB respectively.

a) There was no significant difference in the nean
shimrer for the vowels, between nales and fenales,
both in normal and hearing inpaired groups.

b) For the vowels /a/, [i/ and /u/, there was no
significant difference between normal and hearing
i mpai red groups.

Recomendat i ons:

1. To investigate on a |arger sanple of different age.?roups,
varying degrees and types of hearing loss and different
age of onset.

2. To include other paraneters.

3. To delineate the devel opmental changes in the paraneters
in the hearing inpaired.

4. To observe the effect of nodifying the deviant paranmeters

on the inprovement of voice quality in the hearing
i mpai red individuals.
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APPENDI X
ELECTROGLOTTOGRAPHY (EGO)

E GG was first reported by Fabre (1957), The
technique nakes use of notion-induced variation in the
el ectrical i npedance bet ween t wo el ectrodes pl aced
superficially on either side of the thyroid cartilage. The

el ectrodes are ordinarily held in contact by throat band.

Each el ectrode has a guard ring and an inner conductor, nade
from standard printed circuit card nmaterial and, in
t hensel ves, involve no active conponent. Electrical voltage

of small magnitude but of high frequency (0.5-10MHz) s

applied to one electrode, the other el ectrode serves as

current pick-up

The transverse el ectrical inpedance varies with opening
and closing of the glottis, and results in variation of the
el ectrical current in phase with the vibratory phases of the
vocal fold. Wen the vocal folds are lateral, I npedance
is nore, and when they are nedial, inpedance is |esser
Resulting wave formof variation of inpedance is glottogram
or |aryngogram (Lx). It provides information concerning

frequency of excitation of vocal tract during voicing, nore
accurately than any other signal. dinically, Lx can be

recorded on sinple equipnent and it is quite wunaffected by

acoustic noise. (Fourcin, 1974)



El ectrol ayngograph (Kay Elemetrics Corporation). This
is a portable Ilaryngograph with one pair of gold-plate
el ectrodes, three elastic neck bands and an internal | arge
capacity nickel-cadmum battery together with a separate

mai ns operated battery charger.

Specifications:

Qut put Vol tage Range: 6V pp maxi mum down to 40nv pp noise
Qut put i npedance . 150 Ohns

Band W dth : +/- 0.5dB between 10Hz to 5KHz

Signal to noise ratio: depending on speaker about 30 to 40dB.

Internal Voltage levels: + and - 3V to + and - 4.5V

Power source : PP 9 size rechargeable N -Cd batt,
8.4V/ 1. 2AH.

Use with one charge: 24 hours of continuous use

Battery check indicator: provided by bar display
Qut put level indicator: 30dB range bar display

Qutput level control : Via a linear control
(Information regarding Specifications was collected from

the ELG instruction manual provided by Kay Elenetrics
Cor poration).
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