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CHAPTER |

| NTRODUCTI ON

"The | ess a science has advanced, the nore its
termnology tends to rest upon the uncritical
assunption of nutual understanding"

W Quine, "Truth Convention"
Phi | osophi cal essays for
A. N. Wi tehead
(Longmans, Green), 1936.
This statenent is applicable to the field of voice

and its disorders.

There are several definitions of voice, sone defini-
tions of voice restricting the termupto generation of
sound at the level of larynx, while others include the
i nfluence of vocal tract on the generated |aryngeal tone
and ot her broader definition describe the aspects of genera-

tion, resonance, articulation and prosody.

Voi ce has been defined as "the |aryngeal nodul ation
of the pulnonary air stream which is then further nodified

by the configuration of the vocal tract”" (Mchel and



Wendahl , 1971, p. 466).

The characteristics of pitch, |oudness and quality
whi ch nake the neaning clear, arouse the proper enotiona

response or ensue a pleasant tonal effect upon the hearer.”

Berry and Ei senson (1967) suggest two definitions of

voi ce quality.

i) the psychoacoustic definition "the hearer's
i npression of the conplex sound wave, its hornonic and in-
hornmonic partials and the relative intensity, nunber and
duration of these conponents. Such inpression he judges

in terns of pleasantness and unpl easant ness".

ii) the physiologists definition: "quality depends
upon:
a) the power and control of respiration,

b) the size, elasticity, length and surface
condition of vocal folds,

c) the size, shape, tension, flexibility of
resonator-articulator nechani sm density
and surface conditions of the walls of the
resonat ors.

To define a problemvoice the five characteristics

of a normal voice can be listed as negative characteristics.



1. Disturbed voice quality caused by |aryngeal
dysfunction and characterized by hoarseness, harshness

or breat hi ness.

2. Hypernasality and hyponasality caused by inproper

bal ance of oral and nasal resonance.

3. Avoice too soft to be heard easily or so |oud

it is unpleasant.

4. A nodal frequency level too high or too |low for

age, size and sex.

5. Inappropriate inflections of pitch and | oudness.

(Peterson, 1946)

There is no satisfactory definition for the term
hoarseness. In this regard, Van R per (1968) states that
it would be possible to denonstrate hoarseness rather than
defining it. Acoustically, the hoarseness has been said
to be a conbination of breathy and harsh voice. It is
apparent that hoarseness is a conplex concept and probably
not fully accountable as related to any one perceptual

di nensi on.



Need for the study

Consi derabl e enphasi s has been placed on this
synptom and several approaches including acoustic, cine-
mat ogr aphi ¢, aerodynam ¢ and el ectrophysi ol ogi ¢ have been
utilized to explore the nmechani sm and pat hol ogi ¢ physi o-
| ogy of hoarse voice production. However, the evaluation
of hoarseness, the estinmation of degree and the quality
of hoarseness, has been nmade chiefly on the basis of the
clinician's subjective perception. This practice has led
to the creation of confusing terns to describe simlar
changes of vocal quality. Little is known about acoustical
properties of variations of pathologic voices and rel ated
dysfunctions of the larynx. Thus it is necessary to study

the acoustic paraneters of hoarseness.
Hence, here is an attenpt to reduce the confusion

involved in the term "hoarseness” by seeking quantitative

measur enent of hoar seness of voice.

Statenent of problem

The problemwas to study the factors contributing to

the perception of degree of hoarseness of voice.



Hypot heses

1. There is no difference in the degree of percep-

tion of hoarseness of different vowel s.

Sub- hypothesis: (i) there is no difference in the
degree of perceived hoarseness between vowel [/ a/

and vowel /e/;

(ii) there is no difference in the degree of
percei ved hoarseness between vowel /a/ and vowel
lil;

(iii) there is no difference in the degree of

percei ved hoar seness between vowel /a/ and vowel

ful;

(iv) there is no difference in the degree of
percei ved hoar seness between vowel /e/ and vowel

lil;

(v) there is no difference in the degree of
percei ved hoar seness between vowel /e/ and vowel

[ul;

(vi) there is no difference in the neans of

rati ngs of vowel /e/ and vowel /u/.



2. There is no difference in the spectrographs of

of different degree of hoarseness.

3. There is no difference in fundanental frequency

variation with varying degrees of hoarseness.

Met hods and Results

To test the hypotheses, 17 hoarse voice subjects and
9 normal voice subjects were considered for this study.
Al the subjects were asked to phonate /a/, /el/, /i/ and
/ul vowels. The voice sanples were recorded. They were
anal yzed subjectively and spectrographically, and findings

have been di scussed.

Limtations of the study

1. Only seventeen subjects with hoarse voice coul d

be included for the study.

2. Different types of vocal pathol ogies could not

be included for the study.

3. Qher paraneters |ike optinmm frequency and anpli -

tude variation in hoarse voice could not be studied.



| npli cation of the study

This study provides information regardi ng acoustic
characteristics of different degree of perceived hoarse-

Ness.

Description of the term ' Hoarseness

Hoar seness is a synptom of |aryngeal pathol ogy.
Nor mal phonation requires conpl ete approxi mati on, adequate
tension and regular vibrations. |If any of these requisites
are disturbed for any reason, resultant condition could be

hoar seness.



CHAPTER ||

REVI EW OF LI TERATURE

"The loss of larynx in humans produce an oblitera-
tion of speech function that is unique = " The
absence of a phonating nechani sm makes production of
vocal tones for speech inpossible (Van Riper & Irw n,

1958, p. 172).

The one faculty which sets man apart fromall other
living organi sms whi ch makes himunique is, his ability
to communi cate, using his vocal tones for social inter-

action.

Voi ce conveys information regarding the sex and the
age of the speaker, it indicates the enptional state
of the speaker. Voice is also inportant in conveying

nmeani ng as in tonal | anguages.

M chel and Wendahl (1971), discussing the defini-
tions of voice, state that:

"the random house dictionary lists 25 primary and
secondary definitions of voice, the first of which is the

sound or sounds uttered through the nouth of hunman bei ngs



i n speaki ng, shouting, singing, etc.... If we accept
the scientific definitions to be |less variable and nore

precise than the 'lay' definitions, we will be disappointed”.

Fant (1960) defines voice by using the fornula
P=ST, in which the speech sound P, is the product of the

source S, and the transfer function of the vocal tract, T.

"Wien di scussing the production of speech,it should
be noted that the source S, of the formula, P=s.T., is
an acoustic disturbance, superinposed upon the flow of
respiratory air and is caused by a quasi periodi c nodul a-
tion of the air flow due to the opening and cl osi ng nove-

ment of the vocal folds."” (Fant 1960).

M chael and Wendahl (1971) define voice as "the
| aryngeal nodul ation of pulnmonary air stream which is

then nodified by the configuration of the vocal tract.”
The production of voice depends on the coordination
of essentially three factors:

1. Pulnonary air pressure, supplied by the respiratory

system
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2. Laryngeal vibration, i.e., phonation, a func-

tion of the vocal cords.

3. Transfer function of the vocal tract, i.e., re-

sonhance.

This definition is made use of in this study.

Sound is the alternate conpression and rarification
of air nolecules. Subglottic air, trapped in the trachea
by the closed vocal cords, is conpressed by the accessory
nmuscles of respiration. As the pressure beneath the
glottis increases, the vocal cords are separated, allow
ing the escape of the conpressed air. Wen Subglottic
pressure falls, the vocal cords can not be held open.
They nove back passively by their intrinsic tension. The
subgl ottic pressure can then build to produce another
wave of conpressed air. The result is a train of com

pressions and rarifications and the result is sound.

The role of larynx as central voice organ has upto
now been widely used. Galen (130 A.D.) thought the
trachea to be the central organ acting as a flute. Dodart

(1700) showed that vowel originates fromlarynx. Ferre
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(1741) proved sound was directly produced by the vibra-
tion of vocal cords. Helnmholtz (1875) showed that the
puffs of air escaping through the glottis are the

primary source of sound.

"The nechani sm of human | arynx, often regarded as
sphincteric, nore nearly represents graduated folding
or plication. Taking the end of normal expiration as
the reference condition, folding decreases with in-
spiration and increases successively with reserve ex-
piration, phonation, efforts closure and swall ow cl osure

(Fink, 1971).

"When vi brating, the vocal folds provide a w de
spectrum of quasi periodi c nodul ations of the air stream
accounting for various tonal qualities, reflecting the

di fferent ways the vi brator behaves". (Brackett, 1971).

The basic conditions necessary for the production

of good voice are:

1. Speech organs which are normal, both in terns
of anatony and physiology, to the subject's age, sex and

physi que;
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2. Normal enotional or physical conditions of

t he subj ect;

3. Appropriate habits of voice production and

proper use of voice.

In total, the production of a good voi ce depends
on the synchrony or co-ordination between respiration,

phonation and resonance.

The mechani sm of the voice production is not com
pl etely understood. There are mainly two schools of

t hought .

i) Moelastic theory of phonation or Aerodynamc

theory. According to this theory:

"Wien the vocal cords are closed, the subglottic
air conpressed to such an extent that its nounting pressure
expl odes the glottal closure. At this nonent the con-
densation of air is propagated through the oral cavity
into the surrounding air. Follow ng this explosive
reduction of air pressure, the vocal cords are driven back

into the closed position through the elasticity of their



13

contracted nuscul ature. Subglottic pressure increases
again and the process is repeated.” (Luschsinger, R and

Arnold G E., 1965, p. 25-26).

ii) Neurochronaxic theory of phonation:

"Husson (1950) proposed that the vocal cord vibra-
tion is an active neuronuscul ar process. He believes
that the periodic opening of the vocal cords is controlled
by action potentials of equal frequency, which are
supposed to be conducted to the fibers of vocalis muscle
through the recurrent laryngeal nerve. The return notion
of closure would then occur through the elasticity of the
vocal muscle. In this neuronuscul ar process the subglottic
air pressure functions nerely to increase the opening
anpl i tude" (Luchsinger, Rand Arnold, G E., 1965,
p. 26-27).

The neurochronaxic theory, advanced by Husson
(1950), postulates that each new vibratory cycle is in-
itiated by a nerve inpulse transmtted fromthe brain to
the recurrent branch of the vagus nerve. The frequency
of vocal fold vibration is dependent upon the rate of

i mpul ses delivered to the | aryngeal nuscles. Investigators
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are still working on nmechani smof production of voice

to support their theories. However, according to Fant
(1960), the nmechanical, nyoel astic theory of voice
production is commonly accepted. Based on Myoel astic

t heory, he considers the following factors as responsible
for determning the frequency of vibration of the vocal

cords.

1. Control of the laryngeal nuscul ature affecting
the tension and nmass distribution of the cords. I n-
creased tension and smaller effective nass increases

fundanental frequency.

2. Decreased subglottal pressure.

3. I ncreased degree of supraglottal construction
as in voiced consonants reduces the pressure drop across
the glottis, thus reducing the alternating positive and

negative pressures and fundanmental frequency decreases.

4. A shift of the tongue articulation towards a
high front position results in an increase in fundamental

frequency due to increased vocal cord tension.
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The three attributes of voice are: (i) Pitch,

(i1) Loudness and (iii) Quality.

Pitch is the psychol ogical correlate of frequency.
Mel (for nelody) is the scale used to quantify pitch. A

sound whose frequency is 1000 Hz with an intensity of

40 dB has a pitch of 1000 nel s.

Judson and Weaver (1965) say that relationship bet-

ween frequency and pitch is logarithmc.

The frequency of vibration of any vibrator is

determned mainly by mass, length and tension of the

Vi br at or.

Wod presents this relationship on

Frequency

wher e,

Length of the vibrator
Tensi on of the vibrator

Mass of the vibrator, and

=
L
T =
M
K

= a constant.
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However, this fornula, though applicable pre-
cisely in case of nusical instruments, does not

satisfactorily explain all vocal cord conditions.

Loudness is the psychological correlate of intensity.
It describes the degree of strength of sensation which

one receives by way of one's hearing nechani sm

In a conplex sound, the |oudness will depend upon

its frequency conponents or its spectrum

The | oudness of a sound depends upon its duration

within certain ranges (Bekesy, 1933, Lifshitz, 1936).

Variation in |oudness results from
i) the force of subglottic breath,
ii) the elasticity of vocal cords, and

iii) the resonance effect of the vocal tract.

Quality is the psychological correlate of resonance

and tinber patterns (Mrphy, 1964).

Berry and Ei senson (1967) suggest two definitions
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of voice quality:

i) the psycho acoustic definition "the hearer's

i npression of the conplex sound wave, its hornonic and

i nhornonic partials and the relative intensity, nunber

and duration of these conponents. Such inpression he

judges in terns of pleasantness and unpl easant ness.”

i) the physiologists definition: "quality depends

upon:

a) the power and control of respiration

b) the size, elasticity, length and surface

condition of vocal folds

c) the size, shape, tension and flexibility of

the resonator-articul ator nechanism and

d) the rigidity, density and surface conditions

of the walls of the resonators.

Fant (1960) states that "the termvoice will be

adopted here with reference both to a source category and

feature of the speech wave." Thus it seens that the term

voi ce can be used to refer to source characteristics (9
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in one case and to a conbination of source (S) and

tract characteristics (T) in another case.

VWil e comuanalities exist anmong definitions and
each has nerit, there seens to be no precise definition

of voice.

Beck and Schnei der (1926) denonstrated that any
part of the larynx m ght be sight of congenital or
acquired mal formation. Vocal disturbances are particularly
to be expected when the vocal cords are affected. Any
irregularity in length, breadth,thickness, specific weight,
nmuscul ar devel opnent, vertical position, insertion,
notility and contractivity in short, any asymetry in
physical properties of the vocal cords affects the acoustical
qualities of the voice. Qher regions nmay al so disturb

the voice or add pathol ogi cal noises to expiration.

WIllians and Stevens (1972) stated that anger, fear
and sorrow situations tended to produce characteristic
di fferences in contour of fundanmental frequency, average
speech spectrum tenporal characteristics, precision of
articulation and waveformregularities of successive

glottal pulses. Attributes for a given enotional situation
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were not always consistent from one speaker to another.

West, Ansberry, Carr (1957), Van Riper and lrwin
(1958), and Anderson (1961) write that, in general,
nodul es are caused by too high a pitch, anmong ot her
factors. Van Riper and Irwin (1958) and WIson (1966)
recommended |owering the pitch, usually in cases of vocal
nodul es. Fisher and Logemann (1970) concur wth
Luchsi nger and Arnold's (1965) observation that nmany
patients with nodul es use an unnaturally |ow speaking
pitch. They also note that many patients with nodul es
had hi stories suggesting that prior to dysphonia they
habitual |y used an unnaturally |ow speaking pitch, which
m ght have contributed to the devel opnent of |esion.
Peacher (1966) enphasizes that nost people with dysphonia
need to raise their pitch fromtw to five notes, con-
tradicting the popular belief that a good speaking voice

is always | ow pitched.

Languaite and wal drop (1964) wite that "there is
a general agreenment in the literature that vocal nodul es
are produced by using a pitch that is too high and contact

ulcers are presuned to be caused by the use of too low a
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pitch. Qher types of |aryngeal pathol ogies, such as
pol yps, polypoid degeneration and chronic laryngitis

al t hough not associated especially with the use of wong
pitch, are thought to be primarily the result of vocal

abuse.

The words like "nettalic, hoarse, harsh, husky,
pectoral, raspy" etc., were used when they related not to
what was actually occuring in the vocal mechanism but

rather to the auditory inpression of the |istner.

Brodnitz (1966) wote that "nuch of the term nol ogy
conventional ly enployed == . IS based on incorrect con-

ceptions of vocal function = ".

Various disorders of larynx interfering with the
approxi mation, tension and vibration of the vocal cords
may |lead to hoarseness. Mire conmon |ocal causes |ike
viral and bacterial infections, benign tunors |ike
papi |l omas and recurrent |aryngeal nerve paralysis. Less
common pat hol ogi es like cricoarytenoid joint fixation,
scarring of vocal cords and false cord phonation and

squanous carci noma of | arynx.
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Many aut hors have di scussed hoarseness as a
maj or deviant quality found in patients with voice
di sorders. (Van Riper and irwin 1958; More, 1971).
More (1971) notes that a growth on the vocal folds

| owers the pitch and affects the quality of voice.

System ¢ di seases al so have been inplicated in the
causation of hoarseness. Anong them nentioned tuber-
culous laryngitis, rheumatoid cricoarytenoiditis,
sarcoi dosi s, syphilis, |eprosy, histoplasnosis, nyedem

and anyl oi dosi s.

kada (1964) observed hoarseness in a case having
CGouty Tophus in vocal cords. Hoarseness general term
used by clinician and laynen to describe a variety of
percei ved voice abnormalities. These abnormalities may

range from psychol ogi cally based problens to di sease based

probl ens.

Van Riper and Irwin (1978) describe hoarseness in
terms of breathiness and harshness. Thurman (1952) noted
confusi on between hoarseness and breathiness in |abeling

voi ce sanples. Shipp and Huttington (1957) found significant
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correl ati ons between hoarseness and breathi ness judge-
ment for patients with acute laryngitis, but reported
i nverse rel ationship between hoarse and harsh judge-

ment in their speaker.

Di agnosti c eval uation of patients with voice dis-
orders have always required a mnultidi nmensional approach
i ncl udi ng nedi cal exam nation of voice generating systens,
a psychol ogi cal eval uation, an appraisal of patient's
social conditions and relations, and auditory judgenent
of vocal sound. Although I[ast procedure always has been
considered to be very inportant, phoniatrists have |earned

not to rely too heavily on auditory inpressions in making

di agnosi s.

There is no satisfactory definition for the term
hoar seness. Hoarseness has been described in terns of
physi ol ogy involved at the level of larynx. It is said
t hat hoarseness refer to conbinations of harnonic and
i nhor noni ¢ conposites of sound resulting fromthe way the
| aryngeal valve with its vibrating structures behavior.
Seth and Guthrie (1935) state that the hoarseness is tona

quality produced when the vocal folds vibrate in an
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aperiodic, irregular or hapazard manner.

Acoustically, the hoarse voice nmay be said to be
a conbi nation of breathy and harsh voice quality dis-

orders.

while reports in the literature continue to refer
various dysphonias wth interchangeable and at tines
contradictory perceptual term nology. Attenpts have been
made to reduce this confusion by seeking quantitative
measur ement of dysphonia to acconpany qualitative judge-

ment .

It is apparent that hoarseness is a conplex concept
and probably not fully accountable on any one perceptual
di mension. That is, a voice is hoarse evokes differing
perceptual constructs fromthe |listners. Those may be
psychol ogi cal (strain-stangled voice), acoustic (shril
voi ce), anatom c (nassive vocal folds), or physiologic
(inconplete cord closure). It is possible that listeners
are respondi ng upon the type and severity of voice dis-

orders.

Acoustic analysis of hoarseness especially breathy



24

voi ce reveals a high frequency conponent which is
supposed to originate at the glottis when the glottis
is not conpletely closed, air flow through the glottal
chink becomes turbul ent when the speed of the air flow
exceeds a certain value. The relation between the in-
tensity of noise and the air flow also depends on the
shape of structure where the noise is produced. (Isshiki

1978) .

Per manent objective evaluation of vocal changes
associated with or without |aryngeal pathologies is a
goal which has been difficult for |aryngol ogi st and speech
pat hol ogi st to attain. Mst attenpts at achieving object-
ive records are focused on direct visual exam nation of
the larynx, using techniques such as high speed phot o-

graphy, X-ray studies, etc.

Clinical nodifications in voice spectrographic
anal ysis have allowed adequate visualization of these
conponents. Once these patterns are formalized, they can

be applied to a variety of clinical situations.

Descri ption of voice spectrography:

The voice spectrograph is not a new nethod of voice
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anal ysis. Potter et al first developed this technique
at Bell Tel ephone Laboratories in 1940's. Spectrography
has been a useful tool in voice research since its first
developnment. It differs fromvisible speech transl ator
in that an actual graphic analysis of speech pattern
rather than a display in a cathode ray tube is produced.

The graphic display is known as a spectrogram

Sound spectrography, through a series of filters,
present a picture of intensity, frequency and duration
characteristics of the voice. These characteristics are
translated into an electrical inpulse represented by an
el ectrical stylus which prints out the pattern on a rotating
paper graph. Either steady state vowels such as /al/ or
/1] or spoken words and sentences can be eval uated by
this technique. Depending on the information desired,

a nunber of different patterns can be elucidated. A
trained individual may then "read" the spectrogranms pro-
duced and view the phonatory, articulatory and resonance

qualities of the human voi ce.

Periodicity of vocal cord novenent is a neasure of
regularity of the opening and closing of the vocal cords.

It is translated on spectrogram as vertical straiations.
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The synchronous, periodic opening and cl osing of the
vocal cords in a normal voice will produce a correspond-
ing regularity in the vertical straiations seen. VWile
periodicity is measured by the pattern of individua
vertical striations, certain pitch characteristics of
the voice can be observed in the closeness of the vertica

strai ations on the spectrogram

The spectrogram al so nmeasures the formant of the
normal voice. These formants are the horizontal bars
represented as the darker bands on the spectrogram These
bars or formants relate to the size and shape of resonat-
ing cavities of the vocal tract. Formants will shift
the position during connected speech and with each sound
bei ng produced. On spectrogran1clea??gdequate f or mant
structure is dependent upon a good resonating system and

a lack of breathyness, as well as normal periodicity of

vocal cord novenent.
Sound spectrograph best analyzes steady state vowels
for the purpose of evaluation of phonatory characteri-

stics.

Iwata & Von Leden (1970) have di scussed the use of
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spectrograns in the study of |aryngeal disease. They
suggested that different |aryngeal diseases m ght

yield different spectrographic characteristics.

I shiki (1978) et al have presented a classifica-

tion system for hoarseness using spectrograns.

Rontol et al (1975) pointed out the useful ness of
spectrographic analysis as a clinical tool in eval ua-
tion of the voice follow ng paste injection of paralyzed
vocal cords. Inspite of these contributions, few
| aryngol ogi sts or speech pathol ogists are utilizing this

i nportant, objective nmethod of voice anal ysis.

Acoustic analysis and synthesis by sound spectrography
suggests that acoustic properties of hoarseness are mainly
determ ned by the interactions of the follow ng three
factors: 1) noise conponents in the main formant of each
vowel , 2) high frequency noi se conponents above 3000 Hz
and 3) the |loss of high frequency hornonic conponents.
These three findings are nore pronounced in the vowels /a/,
/ el and /i/ than /u/ and / e/ . wth the progression of

severity of hoarseness, these three abnormal patterns
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becone nore prom nent and exaggerated. On the basis of
these findings, a classification of four types of hoarse-
ness was presented by Yanagi hara (1967), using sonogram

traci ngs.

Yanagi hara (1967 a, 1967 b) conducted the spectro-
graphi c anal ysis of hoarseness and categorized four degrees
of hoarseness ranging from slight hoarseness (Type I) to
severe hoarseness (Type |1V). He has observed the mgjor
acoustic factors relating to hoarseness as noi se conponents
in the main formant regions of vowels and | oss of hornonic

conponent s.

Classification of hoarseness suggested by Yanagi hara

(1967) is as foll ows:

Type |: The regul ar hornonic conponents are m xed

wi th noi se conponent chiefly in the formant region, of

vowel s.

Type 11: The noise conponents in the second formants
of /e/ and /i / predom nate over the hornonic conponents
and slight additional noise conmponents appear in the high

frequency regi on above 3000 Hz in the vowels / e/ &/i /.
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Type I11: The second formants of / e/ and /i /
are totally replaced by noise conponents and additiona
noi se conponents above 3000 Hz further intensity their

energy and expand their range.

Type IV: The second formants of /a/, /el and /i /
are replaced by noi se conponents and even the first
formants of all vowels often |ose their periodic conpo-
nents which are supplenmented by noi se conponents. In
addition, nore intensified high frequency additional noise

conponents are seen.

Li berman (1963) has observed pitch perturbations
i.e., the small neasurabl e deviations in successive pitch
period and suggested these irregularities mght be useful
in the detection of |aryngeal disease. He also noted that
speakers with pathologic |larynges had |arger pitch pertur-

bati ons than normal s.

Moore (1962, 1968), Moore and Thonson (1965) have
filmed the vocal cord vibrations of normal and hoarse in-
dividuals. In normals the vibratory pattern is characterized

by three phases: (1) opening, (2) closing of the vocal cords
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and (3) closed during which the air flow is interrupted
and subglottal pressure increases. He has discussed
that in abnormal cases the vocal cord novenent vary at

| east in five ways.

Iwata and Vonl eden (1970) have anal yzed the hoarse
and normal voice taking contour spectrograns and have
reconmended spectrographi c anal ysis as an objective
nmeasure for the acoustic quality as well as degree of

hoar seness.

Cooper (1974) has anal yzed spectrographically the
vowels /al/, /i/ and /u/ and has observed that in dys-
phoni c patients before therapy, higher pitch is acconpanied

by | ess hoarseness and | ow pitch by nore hoarseness.

Vai dyanat han, R and Oza R K (1976) have observed
change in hornonic structure and replacenment of hornonic
structure by noise conponent in the main formant region
are the acoustic characteristic of hoarseness. The presence
of noi se conponent was nore predom nant in |ow vowel [/ al/

than in other vowel s.

Attenpts have been nmade to note the difference, the
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mean anplitude difference between consecutive periods,

bet ween pat hol ogi cal and nornmal voi ces.

Nataraja (1981): Spectrograph of hoarseness and
normal indicate that the presence of a periodic vibration
of vocal cord, presence of noise conmponents, variation in
frequency and anplitude as contributing to the hoarseness

of voice.

Thus the review of literature indicates that a
periodic vibration of vocal cords |eading to presence of
noi se in higher frequency range and | oss of harnonics,
rapid change in frequency (Jitter) and anplitude (Shinmer)

as related to hoarseness of voice.

However, it is not passible to find a way of defining
the perceived abnornmalities of quality of voice. The
present study is an attenpt at correlating the subjective
j udgenent of 'Hoarseness of Voice' and the spectrographic
findings, and if possible, to relate the spectrographic

findings with pathol ogi es/vocal cord behavi ours.



CHAPTER | Il

METHODOLOGY

This study was conducted in speech lab of the All

India Institute of Speech and Heari ng.

The study involved 6 parts:

Sel ection of subjects

Noi se | evel neasurenent in test room
Recordi ng of voice sanples

Subj ective anal ysis

Validity and reliability checks

R T o

Spect rographi ¢ anal ysi s

Part 1: Selection of subjects

Two groups of subjects were selected for the study.

Group A: This group consisted of cases who were
di agnosed as having voice problem particularly exhibiting

hoar seness of voice by a speech pathol ogi st.
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Thirteen mal es and four fermales were present in
this group. Male subjects ranged from 20 to 70 years.

Four fenal es subjects ranged from 12 to 60 years.

The subjects were from

1. Al India Institute of Speech and Hearing, Msore
2. P.K Sanatorium Msore

3. KR Hospital, Msore

Brief history of subjects regarding age, sex, onset
of problem and di agnosis nmade by a speech pathol ogi st and

ot ol aryngol ogi st are given in Appendix I.

Group B: This group consisted of five males and four
femal es, who were considered to be normal in terns of
voi ce by the same speech pathol ogi st, who selected the

subj ects of group A.  This group was selected as a repre-

sentative of normal nale subjects ranged from 22 to 30 years,

Fermal e subjects ranged from 20 to 22 years.

Al the subjects of both group A and group B were
exam ned by otol aryngol ogi st and condition of |arynx was

speci fi ed.
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Goup A Goup B

Mal e 20-70 years 22- 30 years
Age range

Fermal e 12-60 years 20- 22 years

Mal e 44. 47 years 24.60 years
Mean Age

Feral e 37.33 years 21.00 years

Mal e 13 5
Sex

Fenal e 4 4
Total subjects 17 9

Tabl e shows age range, nean age, sex distribution and
total subjects of group A and group B

Part 2: Noise level neasurenent in the test room

One of the roons of speech | ab was used as test
room The noise level in the roomwas neasured by using
a Sound Pressure Level Meter on different days before
conducting the experiment. The noise analysis data was

as foll ows:

Filter net work of SPL neter Readi ngs in dB
1 2 3
A 31 27 28
B 34 28 30

C 33 34 29
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| nstrunent ati on

Fol l owi ng instrunents were used for the experinent:
1. National Panasonic Tape Recorder (Model
No. RQ 2157)
2. UHER - SG 631 Logic Tape Recorder
3. The Voice ldentification Series - 700 Sound

Spect r ogr aph.

Part 3: Recording of voice sanples

Voi ce sanples were recorded on National Panasonic

Tape Recorder (Mdel No. RQ 2157).

Subj ects were seated on a chair and instructed to
phonate four vowels /a/, /el, [i/ and /u/ individually
for a period of atleast 5 seconds, approxinmtely, at
their confortable level with no restriction inposed on
pitch and | oudness. A denonstration was also given. Lip

to m crophone distance was twelve inches.



Photograph of spectrograph VII « 700 Series
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Line recording technique was used to transfer the
voi ce sanples fromtape recorder (National Panasonic)
to the internal tape recorder of sound spectrograph.
Only mddle portion of voice sanple were taped for the
spectrographic analysis. This was done assum ng that
md portion would have nore stability and consi stency
in phonation. Duration of each voice sanple was

approximately of 2.5 seconds.

Part 4: Subjective Analysis

The voice recordings of the subjects of both group
A and group B were subjected to perceptual evaluation of
degree of hoarseness by five first year M. Sc, students
of Speech and Hearing. Instructions to the judges were

as foll ows:

"Now | am going to play voice sanples of 26 subjects.
Each subj ect has phonated following vowels: /al/, [el, il
and /u/. You are going to rate the degree of hoarseness
on four point scale, 0O being no hoarseness or nornal,
1 being mld hoarseness, 2 being noderate hoarseness and

3 being severe hoarseness.
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When atl east three judges anong five agreed upon
a particular rating then it was considered as rating

of that particular voice sanple.

Part 5: Validity and reliability checks

In order to assess whet her changes occur in per-
ceptual evaluation of degree of hoarseness by the judges,

correlation was cal cul ated for each vowel.

After 3 days the sanple were presented to three of
the five judges without informng that the sane sanple
is being played and they were asked to rate the voice

sanpl es.

Again the sanme sanple were presented to the five
judges to rate the degree of hoarseness. This tine
judges were inforned regardi ng age, onset of problem and
ot ol aryngol ogi st di agnosis. This was done to see that
whet her the judgenent varies with and w thout description

of the case.
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Part 6: Spectroqraphic Analysis

Stage 1. Mddle portion of each voice sanple
having a duration of approximately 2.5 seconds segnent
of magnetic tape was positioned on scanning drum
Spectrograph was set to obtain w deband |inear bar
spectrograms. Spectrograph scanning range was from 50 Hz
to 8 KHz. Thus 104 spectrographs were obtained for each

vowel of all the subjects of group A and group B.

Stage 2: Using pitch analyzer, an optional part
of spectrograph, changes in frequency over tine and
average fundanental frequency in each voice sanple was
noted by feeding the taped voice sanples of all the sub-
jects by playing the tape at slow scan. Tabl e show ng

frequency variation is given in Appendix II1.



CHAPTER |V

RESULTS AND DI SCUSSI ON

Subj ective anal ysis

In this experinment five judges (First year Master
Degree students in Speech and Hearing) judged the 104
sanpl es of 26 subjects of group A and group B, consisting
of dysphonics and normals using a four point scale. The
score given by at least three judges for a particul ar

voi ce sanple was considered to be rating of that particular

voi ce sanpl e.

Table | shows the 1st, 2nd and 3rd sets of ratings

of voice sanples as given by judges.

The inspection of Table | indicates that the judges
were able to distinguish between dysphonic and nornal
voi ce sanples. However, voice sanples of a normal subject
have been rated as '1' being mld hoarseness. Simlarly
dysphoni ¢ voi ce sanpl es have been rated as 'O, being no
hoarseness. Thus it is possible that sonme tinmes a mld

hoar seness (as judged by the Speech Pathol ogi sts and the



ratings of voice sanples of

showing 3 sets of
both the group A and group B
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experinmenter) may be considered as no hoarseness and no

hoar seness may be considered as m | d hoarseness.

This variation in the judgenent may be due to defi -
nitions that are being used by the judges and the experi-
menter. This is further confirnmed when the data is obtained
by not giving brief history of subjects and by giving
history of subjects. That is the judges have rated voice
sanpl es of one dysphonic (Subject 17 of group A) as no
hoar seness even though they had been given brief history of
this case. This case had acute laryngitis. Simlarly
they had judged a subject's (Goup B) voice sanples as
mld hoarseness even though they were told that subject
had no vocal pathology nor abnornmal voice as judged by the
experimenter. Thus the perception of voice quality varies
with the definition used by the listner which in turn
depends upon his background, experience and many other
factors (Van Riper and Irwn, 1978). However, it can be
stated that the judges were able to distinguish between
t he hoarseness and no hoarseness conditions. Thus the judge-
ment nade by these judges can be considered as valid.

Further inter-judge reliability of ratings nade by the

judges were determ ned.
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The ratings of hoarseness of all the voice sanples
were taken three tines with an interval of three days
between 1st and 2nd set of ratings and of 24 hours between
2nd and 3rd set of ratings. The first two ratings were
done wi thout providing brief history and di agnosis of each
subject. Before 3rd rating session, the judges were given
brief history and di agnosis of each subject. This was done
to find out reliability and also to observe the effect of

know edge of history on ratings of hoarseness.

The Table 11 shows the percentage of agreenent between
first two sets of ratings (wthout providing brief history
and the diagnosis of each subject). Inspection of this
table reveals that the judgenents were highly reliable,
except for one judge who has shown a reliability below 50%
of the tinmes. However, further conparison of judgenents
set 1 and set 3 which is shown in table 11l indicates that
all the judges had nmade reliable judgenent. That is the
judges had assigned the same nunber as in the 1st session
for nore than 50%of the sanmples in the 3rd session al so.
Thus it can be considered that the judgenents nmade were
reliable, even after providing interval between the judge-

ment sessions.



Table Il shows the percentage of agreenent between
first two sets of ratings (wthout providing
brief history and the diagnosis of each

subj ect
Vowel s 1 2 3
a 84 56 76
e 92 72 48




Tabl e

showi ng the percentage of agreenment between
the 1st and 3rd set of ratings (In first

set of rating brief history regarding the
subjects was not given to the judges. In
3rd set of ratings judges were provided with
brief history of each subjects)

Judges
Vowel s 1 2 3 4 5
a 92 72 60 60 64
e 80 68 64 72 76
[ 80 52 60 80 60

u 84 72 68 76 64
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It is stated inthe literature that very rarely one
can find the judges who can reliably assign the sane
ratings in ternms of quality to the same voice sanples at
different times. However, in this study, the judges have
been found to be reliable. This nay be because of their

traini ng.

Further analysis was done to find out the relationship
between the vowel type and perceived degree of hoarseness.
That is to test the hypothesis 1 that there is no difference
in the perception of degree of hoarseness in different

vowel s.

The Table 1V indicates the ratings of the judges for

different voice sanples of subjects of group A

On conparison of neans of ratings of different vowels,
it can be said that the hoarseness in vowel /e/ has been
rated as severe than in vowel /a/. Thus the sub-hypothesis
(i) that there is no difference in the degree of perceived

hoar seness between vowel /a/ and / e/ is rejected.

Hoar seness in vowel /i / has been found to be | ess

severe when conpared to vowel /a/. Thus sub-hypothesis (ii)



Table 1V showing the ratings of judges for different
voi ce sanples of subjects of group A

Subj ect s Vowel s
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that there is no difference in the degree of perceived
hoar seness between vowel /a/ and vowel /i / has been re-

j ect ed.

Vowel /u/ has been rated as having greater hoarseness
than vowel /a/. Thus sub-hypothesis (iii), that there is
no difference in the degree of perceived hoarseness between

vowel /al/ and vowel /u/ has been rejected.

To test sub-hypothesis (iv) that there is no difference
in the degree of perceived hoarseness between vowel /e/ and
vowel /i/, the neans of the ratings of these two vowels were
conpared. Vowel / e/ has been rated higher than the vowel

/il . Thus sub-hypothesis (iv) is rejected.

Sub- hypot hesis (v) that there is no difference in
degree of perceived hoarseness between vowel /e/ and vowel
/ul is rejected as there is no difference in the ratings of
vowel / e/ and vowel /u/. That is, vowel /u/ has been rated

as having | ess hoarseness when conpared to vowel /e/.

The conparison of ratings of vowel /i/ and vowel /u/

reveals that vowel /u/ has been rated as higher than vowel
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/1], indicating that vowel /u/ was perceived as nore

hoarse than vowel /i/, thus hypothesis (vi) is rejected.

Thus, the main hypothesis that there is no difference
in the perception of degree of hoarseness of different
vowel s, has been rejected. Thus the degree of perceived
hoar seness seens to vary with the vowl /e/, being perceived
as having greater hoarseness than vowel /u/, vowel /u/ was
percei ved greater hoarseness than vowel /a/, vowel /al/ was
per cei ved nore hoarseness than vowel /i/. However,

Vai dyanat han, R and Oza, R K (1976) have observed pre-
sence of noise conponent was nore predom nant in | ow vowel
/al than in other vowels, which differs fromthe findings

of the present study.

Anal ysis of spectrographs

Goup 'B

The spectrographic analysis of this group revealed the
regul ar vertical striations which represent regular normnal
glottal cycle in all the vowels. It also reveals the
hor moni ¢ conponents with concentration of energy at or around
1 KHz indicating the occurance of vocal tract transfer func-

tion.
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Goup 'A

Spectrographs of all the subjects of this group were
categorized into four groups, such as, severe hoarseness,
noder ate hoarseness, mld hoarseness and no hoarseness,
depending on the ratings given by the judges. Later, each
category of spectrographs were inspected for the correspond-

ing changes in the spectrograph.

Judges rated the subjects of 2, 6, 9, 10 and 13 of

this group as '3' indicating severe degree of hoarseness.

On inspection of these subjects, spectrographs showed

follow ng findings.

Majority of the spectrographs of these five subjects
showed the follow ng findings:

1. Total irregularity in vertical striations;

2. random markings of vertical striations, i.e.,

intermttent vocal cord vibration is indicated;
3. absence of hornonic conponents;

4. presence of noise conponents by irregul ar patches
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of marking at higher frequencies. It is observed upto

3 KHz.

The follow ng subjects 1, 4, 5, 11, 14, 15 and 16
were rated as '2' representing noderate hoarseness by the

j udges.

When the spectrographs of voice sanples of these were
exam ned, nost of themwere revealed follow ng factors:
1. Slight irregular striations;

2. additional noise conmponents in the fundanenta

frequency region;

3. absence of higher hornmonics, i.e., above 3 KHz.

Subjects 3, 7, 8 and 12 of group Awere rated as '1
being m |1 d hoarseness. Findings of spectrograph of voice

sanpl es of the above subjects showed:

1. No irregular vertical striations;

2. presence of noise conponent represented by patches

around 2 KHz.
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Subj ect 17 was rated as '0' being no hoarseness by
judges. The spectrograph of voice sanples of this sub-

ject on inspection, reveal ed:

1. Regular vertical striations;

2. presence of hornonics; and

3. invowel /el/, slight noise conponent was present

in the hornonics.

As stated earlier while discussing the spectrographic
anal ysis of normal voice sanples (group B) the vertical
striations presence of hornonics indicate the presence of

normal glottal cycle or normal vocal cord vibrations.

The irregular vertical striations, indicate the
aperiodic vibrations of vocal cords. The absence of hornonics
and additional noise conponents in different frequency re-
gions are indicative of inconplete closure of the glottis
and thus the escape of air through the glottis. The in-
tensity of noise conponents vary with the sub-glottal air

pressure and the air flowrate and the glottal area.

Thus it is possible to categorise the spectrographs
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of varying degree of hoarseness in general. However it
was not possible to draw a clear cut boundary between the
different categories. It was difficult to categorize
spectrograph as belonging to group 1 or group 2 or between

group 2 and group 3.

Therefore, the hypothesis 2, that there is no diffe-
rence in the spectrographs of different degree of hoarse-
ness has been rejected. That is, the spectrographs of
different degree of hoarseness do differ from each other
and di fference depends upon the degree of hoarseness. It
was possible to find a conmmon pattern anong these spectro-
graphs which were categorized based on subjective judgenent.
In spite of these common pattern it was difficult to
categori ze sonme of the spectrographs. Thus it may be
appropriate to view the results of spectrographic analysis
as a continuumrepresenting varying degree of hoarseness
rangi ng from no hoarseness to severe hoarseness in |lieu of
categorizing them as discrete groups like mld, noderate
and severe hoarseness or Type |, Type II, Type IIl and

Type |1V as proposed by Yanagi hara (1967).

The findings of present study are simlar to the findings
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of Yanagi hara (1967), who has given the classification of

hoar seness, as foll ows:

Type |: The regul ar hornoni c conponents are m xed

wi th noi se conmponent chiefly in the formant regi on of

vowel s.

Type 11: The noi se conponents in the second formants
of /el and /i / predom nate over the hornonic conponents
and slight additional noise conponents appear in the high

frequency regi on above 3000 Hz in the vowels /e/ and /i/.

Type 111: The second formants of /e/ and /i/ vowels are
totally replaced by noise conponents and additional noise
conmponents and additional noise conponents above 3000 Hz

further intensify their energy and expand their range.

Type IV: The second formants of vowels /a/, /el and /i /
are replaced by noise conponents and even the first formants
of all vowels often |ose their periodic conmponents which
are supplinmented by noise conmponents. In addition, nore
intensified high frequency additional noise conponents are

seen.
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Further, Vaidyanathan, R and za R K (1976) have
observed change in hornonic structure and replacenent of
hormoni ¢ structure by noise conponent in the main formant
region are the acoustic characteristics of hoarseness.
The presence of noise conponent was predom nant in |ow

vowel /a/ than in other vowels.

Thus it may be concluded that it would be possible to
determ ne the degree of hoarseness based on 1) irregular
vertical striations, 2) absence of hornonics and 3) pre-
sence of additional noise conponents in different frequency
ranges. These factors nmay vary dependi ng upon the voca
pat hol ogy, the vocal habits and the conpensatory nechani sm

t hat have been used by an i ndividual .

Hence it beconmes necessary to exam ne each spectro-
graphs based on all these factors, to determ ne the degree

of hoarseness, instead of categorizing theminto distinct

gr oups.

In addition to spectrographic analysis frequency
variation were noted using pitch analyzer, an optional part

of the spectrograph instrunent and it was conpared.
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Tabl e V shows fundanental frequency variation
observed in different vowels of different groups of sub-

jects as rated by judges.

It reveals that frequency variation was 3 to 84 Hz
in severe hoarseness group. |In noderate hoarseness group,
frequency variation was 1 to 17 Hz, where as in mld
hoar seness group showed 3 to 12 Hz and no hoar seness group
revealed 1 to 14 Hz frequency variation. Though nuch fre-
quency variation was not observed in the groups of no
hoarseness and mld hoarseness, the frequency variation was
nore in the group of severe hoarseness, and sone variations
wer e observed in noderate group. Thus, the hypothesis 3
is partly rejected and partly accepted. That is, no diffe-
rence was observed between no hoarseness and mld hoarseness
groups in terns of frequency variations. Were as in the
groups of nod. hoarseness and severe hoarseness showed the
di fference, when conpared with no hoarseness and mld
hoar seness groups. So, frequency variation could be one of
the contributing factors to the hoarseness of voice. The
findings of this study are simlar to the reports nmade by
Yanagi hara (1967 a, 1967 b), Liberman (1963), Iwata and
Vonl eden (1970) and Nataraja (1981). This variation in-

dicates the inability of the individual to control the voca



Tabl e V showi ng fundanental frequency variations of
di fferent groups of hoarseness.

No hoar seness group

Subj ect s Vowel s

a e [ u

17 4 0 1 3

18 5 4 5 1

19 5 5 10 9

20 10 14 9 5

21 12 8 11 4

22 8 9 7 7

23 5 2 2 4

24 3 5 2 1

25 4 1 8 4

26 6 5 4 6

MId hoarseness group

3 3 9 8 5

7 9 9 4 6

8 11 10 8 5




Moder at e hoar seness group

Subj ect s Vowel s

a e i u
1 5 5 3 7
4 10 5 5 6
5 10 7 3 1
11 5 6 17 7
14 7 5 2 9
15 6 5 10 7
16 12 11 11 10

Severe hoarseness group

2 3 9 8 5
6 35 30 17 84
9 21 13 17 24
10 6 7 4 17
13 10 10 7 18

Frequency in Hz.
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cord vibration, because of changes in the |arynx.

Thus, the results of the present study shows that
the irregular vertical striations, absence of hornonics
and presence of noise conmponents in the higher frequency
range, i.e., the spectrographs and the variation in funda-
mental frequency in a single phonation are indicators of
hoar seness. Physiologically these are related to a periodic
vi bration of vocal cords, in conplete glottal closure and

irregular vibrations of vocal cords.

Hence, it would be possible to describe the qualities
nore objectively using spectrographic analysis. It is re-
commended that the spectrographic analysis is used to des-
cribe other kinds of quality deviation rather than

descri bing them using subjective terns.



CHAPTER V

SUMVARY AND CONCLUSI ONS

There is no satisfactory definition for the term
hoar seness. Acoustically hoar seness has been said
to be a conbination of breathy and harsh voice. It is
apparent that hoarseness is a conplex concept and probably

not fully accountable on any one perceptual di nension.

Hence this study was an attenpt to reduce the con-
fusion involved in the term "hoarseness" by seeking

gquantitative nmeasurenent of hoarseness of voice.

The follow ng hypot heses were proposed:

1. There is no difference in the degree of perception

of hoarseness of different vowel s.

2. There is no difference in the spectrographs of

di fferent degree of hoarseness.

3. There is no difference in fundanental frequency

variation with varying degrees of hoarseness.
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To test the hypotheses, 17 hoarse voice subjects
and 9 normals were selected and their voice sanples con-
sisted of four vowels such as /al/, /el, /il and /u/. Voice

sanpl es were anal yzed subjectively and spectrographically.

Fromthe results of the present study, the follow ng

concl usi ons have been dr awn:

1. The vowel / e/ being perceived as having greater
. hoar seness
hoar seness than vowel /u/, vowel /u/ was perceived greater/

than vowel /a/ was perceived nore hoarseness than vowel /i/.

2. The spectrographs of different degrees of hoarse-
ness do differ from each other and difference depends upon
the degree of hoarseness. It was possible to find a comobn
pattern anong these spectrographs which were categorized
based upon subjective judgenent. In spite of these conmpbn
pattern, it was difficult to categorize sone of the spectro-
graphs. Thus it may be appropriate to view the results of
spectrographi c analysis as a continuum representing varying
degree of hoarseness ranging from no hoarseness to severe
hoarseness in lieu of categorizing them as discrete groups

like mld, noderate and severe hoarseness.

3. No di fference was observed bet ween no hoar seness
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group in terns of fundanmental frequency variation. Were
as in the groups of noderate hoarseness and severe hoarse-

ness showed nore fundanental frequency variations.

Further recomendati ons

1. To conduct the simlar study on |arge popul ation

wi th varied pathol ogi cal conditions of [|arynx.

2. The other paraneters |ike optinmm frequency,

anplitude variation in hoarse voice subjects, may be studied,
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Goup 'A

Subj ect 1:

Subj ect 2:

Subj ect 3:

APPENDI X |

BRI EF H STORY OF SUBJECTS

Name: M N. Age: 21 years
Sex: Male

Onset of problem Si nce one nonth

Di agnosi s:

a) OQolaryngol ogist : Hoarseness due to
pul monary tuberculosis and chronic
laryngitis

b) Speech Pat hol ogi st: Hoarse voi ce.

Name: N Age: 45 years

Sex: Male

Onset of probl em Since 20 days

Di agnosi s:

a) OQolaryngologist : Chronic laryngitis

b) Speech Pat hol ogi st: Hoarse voice

Name: C Age: 70 years
Sex: Mile

Onset of problem Since 15 days
Di agnosi s:

a) Qolaryngologist : Chronic Laryngitis
secondary to pul nonary tubercul osis

b) Speech Pat hol ogi st: Hoarse voi ce.



Subj ect 4:

Subj ect 5:

Subj ect 6:

Subj ect 7:

Name: V Age: 45 years

Sex: Mle

Onset of problem Since 6 nonths

Di agnosi s:

a) Qol aryngol ogi st: Chronic laryngitis

secondary to pul nonary tubercul osis

b) Speech Pat hol ogi st: Hoarse Voi ce

Nanme: G Age: 32 years
Sex: Ml e

Onset of problem Since 3 days
Di agnosi s:

a) Qolaryngol ogi st : Acute Laryngitis
b) Speech Pat hol ogi st: Hoarse Voice

Name: J. Age: 60 years
Sex: Male
Onset of problem Since one year
Di agnosi s:

a) Ool aryngol ogi st : Non-specific Laryngitis
b) Speech Pat hol ogi st: Hoarse Voi ce

Name: K Age: 45 years
Sex: Femal e

Onset of problem Since 3 days
a) QO ol aryngol ogi st: Acute Pharyngol aryngitis
b) Speech Pat hol ogi st: Hoarse voice



Subj ect 8: Nanme: L. Age: 62 years
Sex: Mile
Onset of problem Since one year
Di agnosi s:

a) Oolaryngologist: Chronic laryngitis secondary
to pul monary tubercul osis
b) Speech Pat hol ogi st: Hoarse Voi ce

Subj ect 9: Name: P. Age: 65 years
Sex: Male
Onset of problem Since 6 nonths
Di agnosi s:

a) Qolaryngol ogist: R ght vocal cord polyp
b) Speech Pat hol ogi st: Hoarse Voi ce

Subj ect |0: Name: P.U Age: 60 years
Sex: Female
Onset of problem Since 4 nonths
Di agnosi s:

a) Oolaryngologist: Chronic laryngitis secondary
to pul monary tubercul osis
b) Speech Pat hol ogi st: Hoarse Voi ce

Subject |l:Nane: B. Age: 50 years
Sex: Ml e
Onset of problem Since one week
Di agnosi s:

a) Oolaryngologist: Cironic laryngitis
b) Speech Pat hol ogi st: Hoarse Voi ce



Subj ect 12:

Subj ect 13:

Subj ect 14:

Subj ect 15:

Nanme: K B. Age: 30 years
Sex: Mle
Onset of problem Since 5 nonths
Di agnosi s:

a) Oolaryngologist: Chronic laryngitis
b) Speech Pat hol ogi st: Hoarse Voi ce
Name: VK. Age: 23 years
Sex: Ml e

Onset of problem Since chil dhood

Di agnosi s:

a) QO ol aryngol ogi st : R ght vocal cord
Par al ysi s
b) Speech Pat hol ogi st: Hoarse Voi ce

Name: K M Age: 26 years

Sex: Mile

Onset of problem Since 6 nonths

Di agnosi s:

a) Ool aryngol ogi st : Fi broma of left voca
cord

b) Speech Pat hol ogi st: Hoarse Voice

Nanme: M Age: 53 years
Sex: Mal e

Onset of probl em Since 15 years
Di agnosi s:

a) Qol aryngol ogi st: Si nger's nodul e

b) Speech Pat hol ogi st: Hoarse Voice



Subj ect 3:

Subj ect 4:

Subj ect 5:

Subj ect 6:

Subj ect 7:

Vi

Name: SNS
Sex: Fenal e
Di agnosi s:

a) (ol aryngol ogi st:

b) Speech Pat hol ogi st:

Name: A. D.
Sex: Fenmale
Di agnosi s:

a) Qol aryngol ogi st:

b) Speech Pat hol ogi st :

Name: A. V.
Sex: Fenale
Di agnosi s:

a) (ol aryngol ogi st:

b) Speech Pat hol ogi st:

Name: G R
Sex: Ml e
Di agnosi s:

a) O ol aryngol ogi st:

b) Speech Pat hol ogi st:

Name: S. H.
Sex: Ml e
Di agnosi s:

a) Qol aryngol ogi st :

b) Speech Pat hol ogi st

Age: 21 years

NAD
Nor mal Voi ce

Age: 21 years

NAD
Nor mal voi ce

Age: 20 years

NAD
Nor mral Voi ce

Age: 30 years

NAD
Nor mal Voi ce

Age: 25 years

NAD
Nor mal Voi ce



Subj ect 16:

Subj ect 17:

Goup 'B

Subj ect

Subj ect

1:

2:

Name: K Age: 32 years
Sex: Femal e

Onset of problem Since a week

Di agnosi s:

a) Oolaryngologist: Acute laryngitis
b) Speech Pat hol ogi st: Hoar se Voi ce
Nanme: V Age: 12 years
Sex: Femal e

Onset of problem Since one nonth
Di agnosi s:

a) Oolaryngologist: Acute laryngitis
b) Speech Pat hol ogi st: Hoarse Voice

Name: V. Age: 24 years
Sex: Mle
Di agnosi s:

a) Qolaryngol ogist: NAD

b) Speech Pat hol ogi st: Nornal Voice
Name: S. Age: 21 years
Sex: Fenmale

Di agnosi s:

a) Qolaryngologist: NAD
b) Speech Pat hol ogi st: Nornal Voice



Subj ect 3:

Subj ect 4:

Subj ect 5:

Subj ect 6:

Subj ect 7:

Vi

Nanme: SNS
Sex: Fenale
Di agnosi s:

a) Qol aryngol ogi st:

b) Speech Pat hol ogi st:

Nanme: A.D.
Sex: Fenale
Di agnosi s:

a) (ol aryngol ogi st:

b) Speech Pat hol ogi st:

Name: A. V.
Sex: Fenale
Di agnosi s:

a) O ol aryngol ogi st:

b) Speech Pat hol ogi st:

Name: G R
Sex: Male
Di agnosi s:

a) ol aryngol ogi st :

b) Speech Pat hol ogi st :

Name: S. H
Sex: Mle
Di agnosi s:

a) O ol aryngol ogi st:

b) Speech Pat hol ogi st:

Age: 21 years

NAD
Nor mal Voi ce

Age: 21 years

NAD
Nor mal Voi ce

Age: 20 years

NAD
Nor mal Voi ce

Age: 30 years

NAD
Nor mal Voi ce

Age: 25 years

NAD
Nor mal Voi ce



Subj ect :

Subj ect

9:

8:

vii

Name: KCR Age: 22 years
Sex: Male
Di agnosi s:

a) Ool aryngol ogi st: NAD
b) Speech Pat hol ogi st: Normal Voice

Name: P.J. Age: 22 years
Sex: Male
Di agnosi s:

a) Oolaryngol ogist: NAD
b) Speech Pat hol ogi st: Normal Voice
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SPECI FI CATI ONS FOR SERI ES 700 SOUND SPECTROGRAPH

SPECTROGRAM PAPER S| ZE - 123/ 4" x 55/ 8". Di splay is 41/ 4" high

ANALYSI S SEGVENT - 2.5 seconds of sound signal is analyzed
to 8,000 Hz in 80 seconds, directly from magnetic tape,

with no internediate recordi ng necessary.

TIME AXIS - Horizontal axis represents 2.5 seconds at re-

cording speed of 7.5 ips.

FREQUENCY AXIS - Vertical axis represents 25 to 8,000 Hz

with logarithmc scale.

DYNAM C RANGE - Better than 50 dB

CALI BRATION - internal crystal oscillator provides marks

at each 1 KHz point up to 8,000 Hz.

EQUALI ZATION - Fl at response, optimzed for speech. (12

dB/ per octave boost between 300 end 3,000 Hz).

TAPE ADVANCE - Automatic. Normally set at 2 seconds for

conti guous spectrograns.



D MENSI ONS - 23" high, 44" wide, 16" deep. The
wei ght is approximately 140 | bs. and shi ppi ng wei ght
approxi mately 250 | bs.

POMER SOURCE - 120 volts, 60 Hz A. C. power, 240 volts,
50 Hz on special order. 300 watts nom nal i nput

power .
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APPENDI X Il b

STANDARD FEATURES

Di rect spectrographic analysis from standard 1/4"

pol yster recording tape.

Standard unit uses a wide band (300 Hz) filter which
produces bar type spectrogranms, using a logarithmc

frequency scal e.
Automatic clanping and tensioning of tape.
Aut omat i ¢ advance of tape segnents.
Single switch start, plus automatic stop.
Crystal controlled frequency markings.
Aut omati c stylus engagenent.
Hgh fidelity, self-contained tape recorder.
All solid state el ectronics; nodul ar construction.

Safety interlocks in all nodes of operation (pro-

tects tape deck and scanner assenbly in case

i nproper node switches are activated).
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12.

13.

A VU nmeter for

noni toring pl ayback, marking and

record | evels.

Qut put

jacks are provided for external connection

to renote speaker, line output and headset.

The basic unit

includes a four-digit tape counter,
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OPTI ONAL FEATURES AVAI LABLE

Narrow Band Filter (45 Hz; other band w dths avail -
abl e)

a) Switchable frequency scales for LOG LI NEAR FI XED
EXPAND
b) sane as a) but with continuously adjustable

LI NEAR EXPAND capability

Quanti zer (for contour display)

Si gnal (Speech) Gate

Cross Section Anplitude Display (requires Signal Gate
feature)

Average Anplitude vs. Tinme Display

Performance Calibrator (includes 100 nsec timng
mar kers and 500 HZ & 100 HZ frequency narkers

Pitch Analyzer with Digital D splay

Scope output display (for use with Variable Persist-
ance type storage oscilloscopes only.
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Tabl e showi ng fundanental frequency variation for diffe-
rent vowels of the subjects of both the group A and group
B

Goup A
Subj ect 1: Subj ect 5:
a 115, 119, 120 125, 128, 135
e 109, 110, 114 145, 152
i 125, 128, 128 145, 146, 148
u 124, 127, 131, 128 149, 150
Subj ect 2: Subj ect 6:
a 104, 105, 107 125, 137, 138, 160
e 103, 109, 112 137, 147, 152, 167
i 108, 110, 118, 126 340, 348, 357
u 100, 102, 103, 105 200, 247, 281, 284
Subj ect 3: Subj ect 7:
a 187, 189, 192, 195 205, 207, 214
e 195, 199, 200 226, 228, 237
i 202, 204, 206, 210 228, 230, 232
u 190, 192, 195, 198 252, 256, 258
Subj ect 4: Subj ect 8:
a 130,134, 136, 140 144, 147, 155
e 130, 132,135 135, 139, 141, 145
i 135, 140, 140 140, 143, 148
u 131, 134, 137 130, 132, 135
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Subj ect: 9 Subj ect 14:
a 167, 168, 181, 188 140, 146, 147
e 267, 270, 278, 280 155, 156, 158, 160
i 157, 160, 168, 174 147, 148, 149
u 164, 177, 180, 188 160, 162, 168, 169
Subj ect: 10 Subj ect 15:
a 155, 161, 161 98, 99, 102, 104
e 180, 183, 184, 187 110, 111, 114, 115
i 177, 178, 181 99, 100, 109
u 187, 190, 194 140, 141, 145, 147
Subj ect 11: Subj ect 16:
a 135, 140 180, 188, 191, 192
e 159, 160, 165 201, 202, 205, 212
i 151, 152, 154, 156, 158 205, 208, 212, 215, 216
u 170, 175, 177 210, 213, 215, 220
Subj ect 12: Subj ect 17:
a 175, 180, 181 240, 241, 244
e 177, 179, 180, 181 248
I 169, 177, 180 248, 249
u 181, 183, 183 255, 257, 258
Subj ect 13:

230, 232, 240
225, 230, 235
244, 248, 251
230, 237, 239, 248

c = 0O Q2
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contd

Goup B

c — 00 o

cC — 0 o

S = 0o o

cC — 0 o

Subj ect 1
125, 128,
127, 130,
144, 147,
148, 149

Subj ect 2
245, 246,
264, 268,
254, 257,
281, 287,

Subj ect 3:
235, 238,

230, 238,

263, 269,

275, -

Subj ect 4:
242, 246,
248, 249,
252, 261,
262, 264,

Subj ect 5:
210, 215,
203, 212
211, 217,
217, 219,

130
131
149

250
269
264
290

245
244
272
282

259
256
263
266

218

218
224

Subj ect 6:

140,
144,
150,
152,

Subj ect 7:

119,
124,
145,

Subj ect 8:

130,
150,
149,
154,

Subj ect 9:

128,
150,
160,
159,

141,
144,
151,
153,

118,
125,
145,

131,
150,
152,
155,

130,
151,
161,
159,

144, 145
146
152
156

122
129
147

134, 134
151
157
158

131, 134
154, 155
164
165
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Tabl e showi ng fundanental frequency and frequency variation
of different vowels of each subject of group A and group B

Goup 'A

Sub- Fundanental Frequency Sub- Fundanental Frequency

ject frequency vari ation ject frequency vari ation
1 a 118 5 129 10
e 111 5 148 7
i 127 3 | 146 3
u 128 7 u 150 1
2 a 105 3 a 140 35
e 108 9 e 151 30
i 116 8 [ 348 17
u 103 5 u 253 84
3 a 191 8 a 209 9
e 198 5 e 219 9
i 206 8 | 230 4
u 194 8 u 253 6
4 a 135 10 8 a 149 11
e 132 5 e 140 10
[ 138 5 i 144 8

u 134 6 u 132 5



Sub-  Fundanent al Frequency  Sub- Fundanent al Fr equency

ject frequency variation ject f requency vari ation
9 a 176 21 13 a 234 10
e 174 13 e 230 10
i 165 17 i 248 7
u 177 24 u 239 18
14 a 144 7
10 a 158 6
e 152 5
e 184 _
I 148 2
i 179 4
u 165 9
u 190 17
15 a 101 6
11 a 138 5 e 113 5
e 161 6 i 103 10
i 154 17 u 143 7
u 174 7 16 a 188 12
e 205 11
12 a 178 6
[ 214 11
e 179 4
_ u 215 10
| 175 11
17 a 242 4
u 182 2
e 248 0
i 249 1
u 257 3



Goup 'B

Sub-  Fundanental Frequency Sub- Fundanental Frequency

j ects frequency variation jectsfrequency vari ation
1 a 128 5 6 a 143 5
e 129 4 e 147 2
i 146 5 I 151 2
u 149 1 u 154 4
2 a 247 5 7 120 3
e 267 5 e 126 5
i 258 10 | 146 2
u 286 9 u 149 1
3 a 239 10 8 a 132 4
237 14 e 150 1
i 268 9 I 153 8
u 279 5 u 157 4
4 a 247 12 9 a 131 6
e 251 8 e 152 5
i 259 11 I 162 4
u 264 4 u 161 6
5 a 214 8
e 208 9
i 215 7
u 220 7




