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CHAPTER |
| NTRODUCTI ON

"Al thoughts, feelings and action that may be enbodied or
suggested on vooal utterance, is expressed or appreciated through
t he medi umof one or more of the follow ng factors" (Brickson, 1926;
P.82-112). Erickson haa |istedthe basic factors of the human voice

as pitch, volume and tine.

"The one faculty which sets nman apart fromall |iving orga-
ni sns, whi ch makes hi muni que, is his abilityto communicate, using
hi s vocal tones for social interaction" (Fisher, 1966; P.3). Speech
is aformof |anguage that consists of sounds produced by utilising
the flowof air exhaled fromthe lungs. "The act of speakingis a
very special i sed way of using the vooal mechanism The act of speak-
ing demand a conbination of interaction of the nechani smof respira-
tion, phonation, resonance and speech articul ati on" (Boone, 1971

P.17)

Speeoh i s a neans or nethod of evoking meani ngful responses
fromsonebody. Wen one anal yses good speeoh, the speech that nost
adequately contributes to social interaction, it is discovered that
It possesses certain characteristics. Each of these characteristics
makes its peculiar contributionto the total inpression. These im
portant characteristics of speech are | oudness, accent, style, voioe
quality, articulation, stress, |evel of |anguage and ki nd of | anguage.
"The peculiar contribution of all of the above characteristics of
speech give rise to the final characteristic of speech, nanely 'style',

whi ch i s unique for each person” (N. P. Nataraja, 1972).

Larynx and the vooal cords are the vooal organs in the human

beings. Voice, whiohis the vehicle of comunication, can be defined
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as the laryngeal tone, and it is the result of the vibration of

the vocal cords. However, there are sone peopl e whose | arynx has
to be surgically removed, because of carcinona, of the |arynx or

for other reasons. |If it may be said that speech is our most im
portant characteristic, thenit follows that the surgical renova

of the larynx affects the nost human part of us. The patient who
has |ost his larynx and who makes an otherw se satisfactory physica
recovery presents a nunber of problens, that are always puzzling
and sometines discouraging. Baker (1954) states the situation
suocintly: "The loss of the larynx i n humans produces an oblitara-
tion of the speech function that is unique because it is so conplete.
The absence of the phonating mechani smmakes production of voice
for speech inmpossible. Mre than this the surgical interaction of
the upper airway al so makes it difficult for the patient to produce
t hose speech noi ses, which are inportant conponents of many speeoh

sounds" (as quoted in Van Riper and Irwi n, 1966).

There are two nmethods of rehabilitation of these patients:

1. Esophageal Speech and

2. Artificial larynx
Sni decor (1968) says 'by having devel oped the technique of esopha-
geal speech, the speech therapist has greatly | essened the degree
of disability incidental to the total renoval of the larynx'. In
the twentieth century and until a fewyears ago, surgeons and speech
t herapi sts were sonewhat over-enthusiastic, concerning the relative
nunbers of persons who coul d | earn esophageal speeoh. More recent
and realistio studies indicate that from12 to 33 percent of those
surveyed coul d not or did not devel op esophageal speech (Anerican
Cancer Society, 1951; Horn, 1962; Van Riper &lrwin, 1966; G eene,
1967; Snidecor, 1968). Geene (1964) has neatly summarized the fac-



tors, which render the acquisition of the esophageal speech
difficult or inpossible. Sonme of themare poor post-operative
results, damage to the nerve supply of the pharynx and tongue,
ol d age, deafness and inability to nonitor speech, lowintelli-
gence and real distaste for esophageal speech (D scussed in de-
tail in Chapter 11). Naturally for themthe choice would be to
use an artificial larynx. The presently available artificial

| arynges have many limtations. The chief anong themis that
the possibility of the pitch changingis limted. In none of
these artificial larynges, is there provisionto give the optinum
frequency and to change the output intensity (discussed in detai
in Chapter I'l1). Snidecor (1968) says "along w th over-optimsm
for the devel opment of the esophaged speech, there devel oped an
unwarranted critical attitude toward the artificial [arynx.
Geater tolerance, understanding and publicity mght well have

eased the way for those raluctant to use this aid". (P 199).

| MPORTANCE AND NEED FOR THE PRESENT STUDY

The maj or disadvantages of the presently available artifi-
cial larynges, are that, inall of them the pitch range provided
Islimted. The best of the available artificial |arynges, WE
Type 5A, has a frequency range of an octave, from100 to 200 Hz
only, whichis not sufficient to bring about normal inflectiona
and intonational change a in speech. Wth the above artificia
l'arynx, there is no possibility of giving the opti numfrequency of
the patient. Gving his optinmumfrequenoy is inportant beoause at

this level, the vocal tract of the patient gives the maxi mal response
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and it is hygienic to his renaining vocal nechanism The present
study ains to devel op a variable frequency artificial |arynx, which

can be varied from50 to 350 Hz.

Moreover, the output of the above artificial larynxis 75 dB
at a distance of three feet between the speaker and the |istener
and there is no provision to change the output intensity of the device.
But depending on the environnmental conditions (background noise and
the distance between the |istener and the speaker) the changing of

output intensity of the artifioial larynx is essential.

Anot her point of inportance is that these available artificia
| arynges are too costly, particularly in Indiai situations, where
peopl e cannot afford its costs. Hence an artificial larynx at a nuch

cheaper rate than the above, was felt essential.

About this WE type S5A artifioial larynx, Luchsinger (1965) says
"a significant perfection of the eleotrolarynx has been nmet inthis
artifioial larynx". And we have seen that this best artifioial |arynx
has got so many limtations. Hence, a nodification and devel opnent

of another artificial larynx is required.

Shantha (1973) has shown that dyaphonic cases can be treated by
way of the Isochronal Tone Stinmulation Technique. She used an artifi-
cial larynx and a Beat Frequenoy Oscillator. But since Beat Frequency
Gscillator is a costly instrument and not easily availabie, a substi-
tute for thisto feed the tones to the artificial larynx vibrator, is
needed. Awvariable frequency artificial larynx, whioh this study ained

to devel op, could be substituted for the Beat Frequency Gscillator and

thiswould sinplify the problemto a great extent.
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This brief discussionis elaboratedin the Il Chapter expre-

sses the inportance and the need for carrying out this study.

DESI GN GBJECTI VES FOR AN ARTI FI O AL LARYNX

Bef ore a choice can be nmade of a particul ar method of operation
of an artificial larynx, there are nunber of acoustic and el ectronic
circuit aspects of the problemto be considered. So far, no exhaus-
tive survey of opinions of post |aryngeotom sed patients has been made
to determne what woul d be an i deal type of artificial larynx. But
fromthe standpoint of achieving normal speech and the concensue of
sone patients and Speech Pathol ogists is that an ideal device shoul d

have the fol lowing attributes:

1) Qutput speech 'quality' and pitchinflection like that of
normal speech: An artificial |arynx should have A wider pitch range
than that provided at present (100 Hz to 200 Hz; VE type 5A) and that
it should be variable, sothat variations in stress, intonation and
inflection, Iike in normal speech or which sinmulates normal speeoh,
can be brought about. The optimumfrequency of the patient should
al so be given so that whatever is remaining of the vocal tract of the
patient gives the maxi numresponse to the artificial larynx. To
summarize, for the speech to sound natural, it shoul d have pitohin-
flection and |ike the normal voice, should have a suitable fundanmenta
frequency acconpani ed by harnoni cs, that can be used to produce the

various vowel sounds.

2) Qutput speeoh volunme of the artificial [arynx ahoul d be
equal to that of a normal speaker: For any comnunication to take

place, signals of sone kind nust be transmtted fromthe sender to
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the listener, that is, they nust be strong enough to stinulate
the listener. The artificial |arynges available at present, are
all limtedinthis respect. Even the WE Type 5A gives an out put
vol ume of 75 dB at a distance of three feet. In nost of the situa-
tions, depending upon the background noise and the distance between
the speaker and the |istener, the output volune of this artificia
| arynx proves to be di sadvantageous. The solution for this woul d
be to provide a provision for varying the output, say from60 to
110 dB, so that the patient can vary the output al so, depending on

the environnental conditions as is done by normal speakers.

3) They shoul d be inexpensive and shoul d have a | ow operating
oost: It is particularly inportant in India, where the VE Type 5A
costs about Rs. 650/- and hence a cheaper designis required. And
for this electronic devioe, the battery power consunption shoul d be
kept to a mninmum in order to reduce costs of battery replacenments.
The manufacturing costs can be mnimzed by the use of comercially

avai |l abl e transducers, transistors and other conponent parts.

4) Secondary to the above, but still of great inportance to the
user, the device should be inconapi quoua and hygeinic. It should be
unobt rusive, without visible wires, tubes or other oppurteneraces

and shoul d be small in size.

3) It should be reliable with sinple trouble-free operation for
| ong periods of time. Sinplicity of operationis very desirable, so
that the subject requires only a mninmumof training and as soon as
possi bl e gains the psyohol ogi cal benefit of vocal communication with

his famly and ot hers.
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I'n addition the device should be as free as possible of necha-
nical difficulties necessitating service and repairs. The device
shoul d i npede the paticnt as little aa possible in the use of his

hands at work, play and, the activities of the daily Iiving.

STATEMENT OF THE PROBLEM

The problemof the present study then was to design a variable
frequency artificial larynx, with a fundamental frequency which coul d
be customselected for each individual to match his optinmum and a
rich supply of overtones. The problemwas also to provide the patient
with the provision of ohanging the output intensity of the artificia
larynx. It was decided to develop such a variable frequency artificia
| arynx and check whether it woul d be used to train normal people in
terns of using intonation and infectional pattern, dyaphonics and | aryn-

gectones, if available.

LI M TATI ONS OF THE STUDY:

1. The study has to be limted because of want of time.
2. The study has to be limted because of the non-availability

of the cases.

| MPLI CATI ONS OF THE STUDY:

1. This is anore versatile artificial larynx, than the WE Type
5A, because it has the provision for changing the frequency
and intensity and has a wi der frequency range. The optinum
frequency of the patient can be customselected for each pati-

ent wth this artifioial [arynx.

2. Thisis auseful instrument, particularly in India, as the

production cost is very nuch |ess than the available artificial



| arynges.

3. The variable frequency artificial larynx is useful in
training the dysphonics, by the Isochronal Tone Stinulation

Techni que.

4. The intelligibility of the speech using this artificia
larynx i s very good. The oscillator interruptor provided hero

was extremely useful inincreasing the intelligibility of
speech.

DEFI NI TI ONS

In the present study the follow ng definitions have been used:

Pitch: Pitch is a Subjective auditory inpression of the nunber

of cycles per second of the oscillating waves and rare-
factions. Even though pitch ia not a direct correlate
of the frequency, it can be produced and nmeasured in

| aboratory by means of different instrunents.

Loudness: Loudness i s, in general, the psychol ogical correlate
of the intensity; the termrefers to the 'strength of
sensation reoeived through the ears'. In the present
study |oudness has been taken as a direct correlate of
the intensity, which oan be neasured in terms of Sound
Pressure Level, by using Sound Pressure Level Materr.

Opt i num Frequency: OptinmumFrequency is the fundanental frequen-

cy of the vocal cords whioh elicits the maxi numresponses
of the vocal traot
OF = NF x FFg where
NFg
OF = Optimumfrequency; NF = Natural frequency

NFg Nat ural frequenoy of the good voi ce;
FFg Fundanental frequency of thE good voice
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Intonation & Inflection: Intonation and inflection are two character-

Istics of normal speech, which go hand in hand with the pitch.
Inflectionia referred to as the shift in pitch during the utter-
ance of a syllable. It is acconpanied by mnute adjustments in

| ength or tension of the folds which produce expressive pitch
glides. Intonation is amexolusive termreferring to pitch as

a function of time and may be applied to a sinple inflectional

shift.

Stress & Accent: These are two other characteristics of speech. Wen

certain words in a pollysyllabic words are given an extra stress,
then it ia known as accent. Aocent ia primarily a matter of con-
vention: it is concerned with oorrectiveness in word pronunciation

It referato the relative stress of syllable in a word.

| sochronal Tone Stimulation: It ia Atechnique for correcting voice

by eliciting Isochronal matching of the laryngeal tone to a select-
ed tone produced by a vibrator; where the word 'lsochronal' means;
taking place (vibrating) in the sane tine or at the sane interval
of time, with equal anplitude, as sonething else (According to

Oxford English Dictionary).

Normal Speech: Normal speech is that which has proper intonation and

inflection pattern, which ia inportant in conveying the proper

meani ng and whi ch enpl oys optimumfrequency.
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REVI EW OF LI TERATURE

" Communi cation has |ong been recogni zed as one of the nost
fundament al conponents of human behavior" (Peterson, G E., 1958).
Mans primary nethod of communication i s speech. Speech is the

acoustic end product of the respiratory and masticatory apparatus.

Speech is a formof |anguage that consists of sounds produced
by utilizing the flow of air exhaled fromthe lungs. Wen one anal yzes
good speech, the speech that noat adequately contributes to socia
interaction, it ia discovered that it possesses oertain characteris-
tics. Each of these characteristics makes its peculiar contribution
to the total inpression. These inportant characteristics are pitch,
| oudness, intonation and inflection, rhythm voice quality, stress,

accent, style, level of |anguage and ki nd of | anguage.

Voice is the vehicle of comunication. Thus voice becones the
very basic factor of speech. Voice plays the nusical acconmpani nent
to speech, rendering it tuneful, pleasing, audible or coherent and it

I's an essential feature of communication

(ne of the most inportant or nost conspiquos characteristics of
speeoh, that is, the voice quality of the speaker, which depends upon
the patterning of the overtones and their intensities. The differing-
sizes and shapes of the many resonating cavities within different

human heads contribute to the quality.

The nost inportant characteristic of speeoh, however, is pitch.
For every voice there is a pitch level at which the voice is found

to be confortable or nost effective and this is known as optinmumpitch

[ntonation and inflection are two ot her characteristics of
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speech, which go hand in hand with pitch. Inflectionis the shift
inpitch during tho utterance of & syllable. There are tinmes when

it is appropriate to speak with a mninumof inflection, but a person
who consistently tal ks on a monopitch will find his |istener either

irritated or asleep.

Loudneas is another inportant characteristic of speech. For
verbal comunication to occur signals of sonme kind must be transmtted,
fromthe sender to the receiver, that i s, they nust be strong enough

to stinulate the |istener.

Stress and accent are two other characteristics of speech to be
considered. Wen certain syllables in a pollysyllabic words are given
an extra stress then it is known as accent. Accent is primarily a
matter of convention;, it is concerned with correctness in word pronun-

ciation.

Projection is another characteristic of speech. It arises in
part froma good voice mechanism used properly. Projectionis to
make the voice easily audible to all listeners, wthout apparent ex-
pendi ture of unnecessary effort. But nere |oudness doea not of it-
self constitute projection. Failure to provide an adequate breath
streamto activate the vocal banda with sufficient force may be a
cause of poor projection. Good apaeoh nust be more than clearly
audible; it nust be intelligible as well. Adequate projection con-

tributes to both of these desired effects.

"The peoul iar conbination of all the above nentioned character-
Istics of speech give rise to the final charaoteristic of speech,
namely style, which is unique for each person. Every individual has
a style of speech, which is unique and this ia due to his peculiar

conbi nation of all tho characteristics of speech".(Nataraja, 1972).
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Human bei nga produce voi ce by making the vocal cords vibrate
through the exhaled air fromthe lungs. A special problemof speech
rehabilitation is presented by the case in which, because of cancer
or other disease of the larynx, there has been a conplete surgica
removal of it. This operationisknownas |aryngectony (Larynx -
voi oe box and 'eotony' means cutting out and the patient who has
undergone this is known as | aryngeotonmee. The patient is unable to
use the breath for the phonation or even for whispered speech because
the expired air no |onger passes out through the mouth and nose,

If it may said that speech is our nost inportant characteristic,
then it follows that this surgical renmoval of the larynx affects
the most human part of us. The first |aryngectony operation was

done by Bilroth in 1874.

Though the larynx is relatively small, it is conplex in shape
and structure and the probl ens produced by malignant tunors arising
inthe various parts of this organ differ greatly. The patient who
has | ost his larynx and who makes an ot herw se satisfactory physi cal
recovery, presents a nunber of associated probl ens, which are many
times discouraging. Baker (1954) states the situation nost succintly:
"The loss of the larynx in humans produces an oblitaration of the
speech function, that is unique because it is conplete. The absence
of the phonating nechani smnakes production of vocal tones for
i mpossible. Mre than this, tha surgical interaction of the upper
- airway also makes it difficult for the patient to produce those speech
noi ses which are inportant conponents of so nmany speech sounds".

(As reported in Van Riper &lrwin, 1966).

The first synptomof the carcinomatic condition of the |arynx

I s hoarseness (Van Riper & Irwin, 1966; Boone. D, 1971; Snidecor 1971).
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To treat this synptomas a functional voice disorder would not only

be futile but death dealing.

Conpl ete recovery of the |aryngeotonized patients can only be
achi eved by an operation which allows the restoration of the el enen-
tary functions of the larynx and permanent abolition of the tracheos-
toma. Various clinical and experimental procedures have been reported
in the achievenent of the above. They are:

1. Use of prosthesis

2. Surgioal reconstruction of a sinplified but functionally

adequat e or gan.

3. Transplantation of the |arynx.

Arslamand Serafin (1972) report a technique of surgical recon-
struction of a sinplified but functionally adequate organ, in order

to achieve the follow ng three objectives:

1. Mintenance of respiration through nose and nout h,

2. Satisfactory swallow ng without aspiration of food and saliva
into the | ower respiratory tract.

3. Restoration of spontaneous phonation using the pul nonary ex-

piratory air stream

In this operation, the trachea is raised by about 4 cmand is
kept in this newposition during the scarring period by means of various
stichss fixing it to hypo-pharyngeal nmucous membrane, to the epiglottis,
to the body of tha hyoid bone, to the thyroid gland, to the externa
perichondriumof the larynx and by neans of this, to the pharyngol aryn-

geal nuscles and to the prel aryngeal muscles.

The 'neol arynx' obtained by this procedure i s, therefore, made up
of tha upper segment of tho trachea, of tho body of the epiglottis,

over the opening by tho external |aryngeal perichondriumwth a |ower
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constrictor nuscle of the pharynx. It occupys exactly the space

left enpty by the removal of the Iarynx.

Phonation, respiration and deglutition are all restored conpletely
with-inthe first week after the operation. |In all the patients pho-
nation was characterized by a slightly sonorous em ssion, but this
improved rapidly. Infact there was a marked increase in the funda-

mental tone of speech, inthe intensity of emssion and inthe tinbre.

El ectroacousti ¢ and speotrographi o studies, conparing the neo-
| arynx voi ce and the natural voice have been reported (Arslam 1972;
Arslan & Serafin, 1972). It was found in the neol arynx speech, the
presence of a fundanmental, 2 or 3 upper harnonics, and a regul ar arrange-
ment of the vocal formants. Arslamand Rossi's (1972) study indicated

greater resenbl ance between the neol arynx voi ce and normal voi oe.

Transpl antation of the larynx has been done on dogs and human bei ng:
(Qgura, Harvey, Mgi, Ueda and Chyama, 1970; Wrk L.P. et. al, 1965;
Li pi dot, 1965; Silver, Liebort&Sam1967).

Transpl antation of the larynx consists of five factors. They
are:
Techni que of vascul ar reanastonosis of small vessels
Bl ood circulation

Rei nnervation
Pitch and sound production

o & w0 o poe

Ti ssue typing.

The initial experiments wth dogs have succeded. However, sone
of the technical and physiopathol ogi cal problens are:
1. Msdirection of the regenerating nerve fibres

2. Reduction in the nunber of notor units
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3. Tropical changes of the nuscle figres

4. Retarded maturation of the neuromucular junction (Qgura, at.
at., 1970).

In a study on seven dogs by Silver, Idebert and Sam(1967) only
two dogs survived for two nonths. They report that the small size
of the laryngeal blood vessels and the post-Qparative infection were

t he mai n probl ens.

| mmunol ogi cal accaptance of the donor | arynx, matching of the
donor and the recepient satisfactorily, finding, preserving and sto-
ring of the donor larynges renain as continuing problens. Wrk WP.
(1965) concludes that |aryngeal transplantation is not possible to
data, with present day surgical techniques and i munol ogi cal and in-
fection probl enms. Evoked phonation studies (Ueda, et. al. 1972)
(unpublished article) showed that nost of the treated dogs regained
better functional control of the reinnervated vocal fold during voice

producti on.

The speech therapist is called uponto hel p those who have had
their larynx removed, learnto talk again. He is also called upon
to counsel the patient pre-operativaly. The patient whose |arynx
is going to be renoved should be told by the speech therapist about
the post |aryngectony speech. There are many nethods of rehabili-
tating the laryngeotonmes. The two major approaches are (1) Recommend-
i ng the esophageal speech and (2) Reconmending the artificial |arynx.

(Rafer Tablel).

There are four types of alaryngeal speech available to the
| aryngect ones depending on the surgical result (Diedrich and Young-
storm 1966; Sinmmons, 1971). The patient may | earn Buccal speech

whi ch requires trapping and conpressing of air between the cheeks
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and the teeth and possibly between the tongue and the al veol ar
ridge (D edrich and Youngstorm 1966). Thisisdifficult tolearn
and limted inits use as the intelligibility of the speech depends
upon high air conpression andexaggerated articul ation (S mons, 1971
and it is reconmended as an adjunctive with most of tho patients

(Luchsinger, 1965: Geene, 1968).

Anot her formof alaryngeal speech is known as pharyngeal speech
which i s produced by the air trapped in the meso or hypopharynx. It
I's not widely recomrended because it lacks intelligibility, as the

tongue is used both as a vibrator and articulator (D edrich, 1966).

Athird nmethod of alaryngeal ' speech production is known as gastric
speech, which involves stomach as the new air chanmber, and air is

brought as true bel ch.

Al aryngeal Speech Artificial larynx
1. PNEUMATI C ARTI FI O AL LARYNX:
1. Buccal speech 1. Gottstein's Reed Larynx - 1900.
2. Pharyngeal speech 2. Bell Lab. Reed Larynx Type | A-1925.
3. Gastric speeoh 3 DoP 6 vl Lunen
4. Esophageal speeoh 5. Resz's Reed Larynx - 1930
Met hods of air intake: 6. Mdification of the Bell Lab Reed
1. Swal | owi na met hod Larynx By Martin in 1930.
_ g 7. Tokyo Artificial Larynx - 1971.
2. Inhal ation nethod |1. ELECTRO LARYNX:
3. Injection nethod: A Externally Applied:
a) Gottal press 1. Sonovox - 1942
2. Kett Mark |

b) d ossopharyngeal press 3. Kett Mark 111

4. Aurex Artificial Larynx
TABLE | 5. Bell Tel. Artificial Larynx - 1959
6. VE Type 5A Artificial | arynx & 5B

Showing the different types .
of rehabilitation proce- B: Direct Activation of the oral Resonator:

dures used with |eryngecto- 1. Ticchinni's reed type artificial
nee's. | arynx - 1955.
2. Cooper-Rand speech aid - 1958

C. Intra Gal Sound Source:

1. Oal Type Artificial Larynx -1959
2. Oal Mibrator - 1959 el ectronic
3. Pichler's Wreless Speech Aid -1961
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However the major type of alaryngeal speech is known as eso-
phageal speech. Esophageal speech, |ike normal speech, is based on
a modul ated air stream(Van Riper &lrwin, 1966). The air supply
has been swal | owed into the stonmach, trapped in the upper portion
of the esophagus. The nodul ations or vibrations seem in nost
oases to be due to the action of the cricopharyngeal sphinoter, formed
by the lowest fibres of the inferior conatrictor muscles. |In place
of the vocal cords he |earns to use the esophageal sphinoter as a
vibratory reed or pseudolottis, and the upper portion of the eso-
phagus serves as an air reservoir or vicarious lung (Killanin, 1908;
Morrison, 1931; Geene, 1964.; VanRiper and Irwin, 1966). Wththe-
oretical and factual evidence, Beck (1956) has shown that after
| aryngectony, voice is produced with the esophagus as the source of
air and with the vibration fornerly produced by the vocal cords are
now produced by the structures near the top of the esophagus. How
ever various anatomcal structures can be used as pseudoglottis.

They are :

1. Between the base of the tongue and the posterior phar-
yngeal wal | (Stetson, 1937).

2. Back of the tongue and the soft palate (Martin, 1950)

3. Between the contracted portion of the inferior conatrictor
nuscl e.

4. Between the epiglottis and the two folds fornmed laterally
fromthe nuscles of the pharynx.

5. Between the folds of tha cricopharyngeua nuscle.

Tho | ast one seens to be the best one and it is formed between

the 5th and 6th oervical vertebrae in esophageal speakers.

Each type of al aryngeal speech requires sone nethod of getting
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airinto the newair chanber (Simons, 1971). There are three
maj or methods of air intake, which are known as (1) Air swal ow ng,
(2) Inhalation, and (3) the injection nethod. The [ast is the nost
commonly used technique. In |earning esophageal speech the patient
I's taught to bring back the inhaled air, to produce the vocal tone

and at the sane time to articul ate vowel s.

There wi || always be patients who are unable to acquire eso-
phageal speeoh by the above nethods. Al though Heaver & Arnold (1962)
advocate the use of artificial vocal aids during the time the patient
I's | earning esophageal speech, it is the general opinion that the too
early introduction of themmy discourage patients fromlearning to

speak by natural neans.

Sixty five percent of the laryngeotonee's learn to speak esopha-
geal speech (Horn, 1962). This percentage varies fromb50 to 75 per-
cent (Gardner, 1951; Nessel, 1963) Van Riper & lrwn, 1966). However,
not all can learn esophageal speech. Geene (1964) has neatly suma-
rized the factors that canbe expected to render the acquisition of

esophageal speech difficult or inpossible.

1. A poor post operative result with formation of scar tissue
which restricts facile dilation of the hypopharynx and cri -
copharyngeal sphinoter and stenosis of the esophagus (Levin,
1952).

2. Damage to the nerve supply to the pharynx and the tongue,
by surgery, producing paralysis.

3. Odage and frailty acconpanied by lack of drive to |earn.

4. Deafness and inability to nonitor speech (Levin, 1952;
Lauder, 1968).

5. Lowintelligence and inability to master the necessary new

muscul ar co-ordi nations.
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6. Real distaste for esophageal speech and preference for an
artificial vocal aid. There are a relatively fewyoung
peopl e who by reason of physical or physiological weakness
findit difficult or inpractioal to |earn esophageal speech,
which is after all hard work, unless one night use the plosive
met hod exclusively. The Artificial larynx may be a crutch
and a very useful one. Those who suffer a severe nental de-
pression nay be encouraged and hel ped by an artificial |arynx.

7. Suspected recurrence of the cancer, netastases and nultiple
| esi ons reoccur (Levin, 1952).

8. Conplications arising after the operation such as, edema, in-

fection, delay in healing, necrosis, etc (Parnell, 1968)

Anot her reason is that not all laryngectonees are able to deve-
| op esophaseal speech. "Despite the amount of know edge regarding the
esophngeal speech, which has accunulated in the past fifty years, one
of the inportant questions which remains to be answered i s why sone
individuals are able to learn to use the new vice w thout undue diffi-
culty, while others, who appear equally well motivated, fail intheir

efforts toacquireit" (Finklebeiner, 1968).

The next node of rehabilitation used with the |aryngeotonees is
that of artificial larynx. Recent and realistic studies indicate
that 12 to 33 percent of those surveyed could not or did not devel op

esophageal speech (Snidecor, 1968).

Artificial larynx Berves the purpose of giving the patient, a
substitute' built-in-voice' whichis nmade to pass through the remain-

ing of the vocal tract of the patient and then articulated in a normal

manner.

The firat artificial lanax was conceived by Czermark and execu-
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ted by Bruuk in 1859, fourteen years hefore the first |aryngeotony
and approxi mately ei ghteen years after Raynaud reported what may
be the case of esophageal speech (Luchsinger, 1965; Snidecor, 1968).
It is an interesting coincidence that both this invention and the
di scovery of the physiol ogi c phenonena of esophageal speech were
made | ong before the first surgical attenpts at |aryngectony.
Czermark's patient presented conplete |aryngeal stenosis. The in-

strument was actuated by a read and driven fromthe tracheal stom.

In 1873, Bilroth in Vienna acconplished the first successful
total laryngectony. Hs patient was fittedwth an artificial larynx,
whi ch was unique inits conplexity, for it oonsisted of three parts:
a tracheal, a pharyngeal and a phonation oannula. The conplexity
of the instrument was in doubt justified by the fact that the operation

of that day | eft a pharyngeal opening (Snidecor, 1968).

Basically all artificial larynges can ba divided into two types
(Bangs, et. al 1946; Gardner and Harris, 1961; Hayes & Martin, 1963
Di edrich & Youngstorm 1966).

1. Pneumatic artificial larynx (Refer Fig. 1 & 2)
2. Hectric artificial larynx (Refer Photograph 1)

REED LARYNX

The first mechanical aidto artificial speech that has been de-
vised was in the formof a snail chanber which oontained vibrating
rubber bands or reed. These were activated fromthe air expelled
fromthe stoma, the monotonous tone being transmtted by a tube into
the nmouth and vocal iaod there. In USA the first of such devices
(using rubber bands was manufactured by the Bol| Laboratories in

1925 (Martin 1973). 1n 1929, a reed type of instrument was devel oped

by that organisation and since 1930 it has been sold at the cost of



Figure 1' illustrating the method
of operation of the WE Type 2A
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Showing the different types of artificial lerynges .
A) WE Type 2A. B) Van Lunen DSP 8.
C) WE Type S5A. d) Kett Mark III.
E) Cooper Rand Add. ¥) Tait's Oral Vibrator.
G) Pichler's Wirelees Add.
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production. It was the only appliance for artificial speech
avail able, until the invention of the Wight Electro larynx in
1942. This reed, larynx in the hands of a skilled speaker givea
very good intelligibility (Snidecor, 1968), and according to a
study by Hyman (1955) it is nore pleasing to many ears thanis
esophageal speech. According to Snidecor (1968), there are two
di sadvantages: 1) The instrument is bulky andwithits |oop of
tubing fromneck to nouth, presents a strange appearance and 2)
Unl ess careful ly and regularly cleaned, unpleasant odors devel op
The VE reed larynx i s superseded by the new WE 5A and 5B, which

w il be discussed | ater.

The pneunatic type fits over or into the tracheal stonma and
Is activated by air fromthe lungs. It may require the attention
of the laryngol ogist regarding the adaptation of the stemof the
tracheostony tube worn by the subject, if this type of fittingis
to be used. One type, however, has a circular cup, that sinply

fits over the stona.

The tone that substitutes for the voice is produced by forcing
air past avibrating reed. (ne end of the instrunent is then held,
inthe mouth, so that the vibrated air is introduced well back into
the nouth cavity, andis then articulated in the usual fashion.

The advantages of this aid are: 1) it is cheaper, 2) it has a some-
what better quality (Martin, 1963), 3) it has the possibility of
pitch change and differentiation between sonants and surds by air
pressure changes. But it is nore conspiquos and because mucous

collectsinit, it has to be taken apart and cl eaned.

Through the efforts of Jewell, President of the Bell Tel ephone

Laboratories in 1925, resulted in an instrunent that enployed, rubber
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bands streched in a manner to stimulate the vocal cords and was
designated typo A Those rubber bands deteriorated rapidly and
ware a source of considerable dissatisfaction. Consequently during
1929, anewartificial larynx, designated type 2A, was devel oped t hat
incorporated several refinenments including the substitution of a
vibrating netallic reed for the elastic bands. The nmethod of ope-
ration of the WE type 2A artificial larynxia shown in Fig. 1.

The netallic reed is connected by tubing to the stoma in the throat,
so that the users breath can actuate the reed. The sound of the
vibrating reed i s conducted through another tube into the nouth and.

this sound is used in the production of artificial speech sounds.

H J. Van Lunen has described the devel opnent of a pneunatic
artificial larynx, known as DSP 8. This relies upon the expul sion
of air fromthe tracheal opening through a small round apparatus
containing a diaphragmwith a soft support ring which fits over
the tracheal opening. Aflap valve opens during the inspiration
and closes during expiration. Air causes the menbrane to vibrate
and its tension can be adjusted by a screwto a higher or |ow pitoh.
Vibrated air is then piped into the mouth by the tube attached to
the apparatus, while the individual articulates onthe artificially
produced voice. Thisis a sinple instrument and ia easily cleaned,
and as it is made up of polythelene can be Boilod and sterilized

(Reported in Geene, 1964).

Riesz (1930) has described the devel opnent of a Pneunatic arti-
ficial larynx (see Fig. 2). It consists of cyllindrical case divided
into 2 conpartnents by a cyllindrioal partition having one flat side
of which is covored with a sheet of rubber. Air can pass fromone

conpartnent to the other through an alongated hol e, cut through
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the flat side of this partition. Athin reed of spring netal,
clanped at one end, is hold in position over tha hole. As air is
bl own through this hole, it sets tho reed into vibration, which period-
ically varies the flowof air through the larynx and so superposes

a train of sound waves on the steady flow of air.

In use the input tube of the artificial larynx is connected
to the breathing of air by neans of a rubber tube and a coupling
pad hol d against tha front of the neck. The sound generated by
the steady flow of air fromthe lungs is introduced into the mouth
through a flexible rubber tube. In speaking the speaker goes through
a series of notions and nuscul ar adjustments that are practically sane
as those used before the removal of the larynx. The action of the
vocal cavities in converting the sound produced by the artificial,
larynx into articulate speech, is identical with that when a norma
larynx is used, with the exception that in the forner case the sound
Is introduced into the mouth while normally it is introduced into
the base of the pharynx. But this artificial larynx is unhygienic,

unesthetic and the quality of the tone is not good.

The Dell Systemneed type instrument was nodified at the Meno-
rial Hospital in 1930 s by Martin, by discarding the conplicated
apparatus that had beenprovided for attachnent to the tracheal stoma
and substituting a funnel or bell shaped contrivance that could bo
placed directly over the stoma. Though this device coul d have been
used by any |aryngectonmae to produce intelligible speeoh, it was
rejected by many asbai ng unhygienic and unesthatic, since it was
necessary to place the funnel over tho exposed Stoma and insert the

attached rubber tube into the mouth while speaking.

Vi nberg & R ckenna (1973) describe a recently devel oped Japanese

made Pneumatic artificial larynx. This is known as Tokyo artificia
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larynx. Tokyo artificial larynx consists of a stoma cover, a vi-

bratory nechani smand a sound conduction tube. The patient uses
the Tokyo artificial larynx by placing the cover against the stom,
directing pul monary air through a vibrator, to produce voice, and
transmtting the pseudoglottal vocal sound into the vocal tract

t hrough a sound conduction tube placedin his nouth. The vibratory
mechani smconsi sts of a atrip of rubber placed over a stainless steel
base and fastened to the base with a rubber band. The stoma cover
and the base of the vibratory mechanismare made up of stainless
steel, while the sound conduction tube is plastic. These materials
pernmt easy cleaning and sterilisation. Moreover repair, adjustnent
are easy, becacuse the conponents can be taken apart by hand. The
average fundanental frequency of speech with this device was 71 Hz.
Speech intelligibility was 98 percent for consonants and 95 percent

for vowel s.

In his survey of the historical devel opment in the perfection
of the artificial larynx, Arnold (1960) distinguished five categories

or principles of laryngeal substitutes (Arnold in Luchsinger 1965) -

1. EXTERNALLY APPLI ED REED LARYNX

In 1859, Czenaark devised the connection of the tracheostoma to
a tube containing the vibrating reed and hence to the nmouth. The
reed instrument is best represented by the WE | arynx devel oped in
1926. Although the prototype of artificial vibrators, it was highly
successful (Snidecor, 1968) and nowit is regarded obsolete and in-

efficient. (This has been discussed in detail earlier).
2. | NTERNAL, REPLACEMENT OF THE, LARYNX:

Czerny (1870) and his followers replaced the mssing larynx with

a nechani cal reconstruction of all laryngeal functions. These nodels
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of atruly artificial larynx included a novable netal epiglottis,

a respiratory valve and a phonation nmechanism created by rubber
bands or netal reeds. This typo of equipnent becanme obsolete with

G uck's (1899, 1930: duck and Sorenson, 1913) nodified | aryngec-
tomy; which obviated the greatest hazard in Bilroths original techni-

que for laryngectony, nanely aspiration pneunoni a.

3. EXTERNALLY APPLI ED ELECTRI C SOUND GENERATCR

In 1942, Geene introduced the first workable eleotrolarynx,
whi ch was devel oped by G Wight fromhis battery powered buzzing
devi ce known as the Sonovox. Oredit for conceiving suoh an instru-
ment goes to Wight, who chanced to know that hecould articulate into
speech, the buzzing sound of his electric razor which he hel d agai nst
his neck. Several forms of electric powered nechanical speech aids
have been devel oped since Wight's invention. Rare inthis, the
sound of the buzzer is transmtted into the pharynx through the soft
tissues of the neck through direct contact with the skin. The sound
wave thus transferred into the pharyngeal cavity is then nolded into
speech sounds by the ordinary novenents of the intact organs of arti-
culation. There have several nodifications including a rectifier
operated froma 115 Volt A.C. main line, directly attached cell battery
and finally a rechargeable battery. Inprovenent on the origina
bul ky sonovox nodel has resulted in two well known types of commercially
available artificial larynx. They are manufactured and distributed,
by two Amarican Conpanies, Katt engineeing Corporation and Aurex

Cor porati on.

The Kett Electro larynx has two types, Kett Mark | and Kett
Mark [11. The Kett Mark I'11 is cordless and is especially to be

reconmended when the larynx is to be used under conditions of noise
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or when the patient is talking tc someone with nodorate hearing
loss. It is apowerful instrument that also has tha advantage
of being rechargeable. On the heavy side it shoul d neverthel ess
be consi dered when conditions demand a relatively |oud and inte-

|'Iigibleinstrunent (Snideoor, 1968).

Aurex conpact electrolarynx has self-contained unit battery
inthe handle of tha unit and it has abuilt-in volume control.
The Aurex has been continually inproved and ia highly favored by

many | aryngeot onees.

But all these instruments have sone di sadvantages, such as
t he monot onous buzz, the constant tone during operation and certain

deficiencies in their frequency spectrum

Barney, Haworth and Dunn (1959) have devel oped a new artifi-
cial larynx, which nade use of transistors and mniaturised conpo-
nents to provide a voice for laryngectonees. This was subsequently
known aa WE | arynx, which was nade in two nmodel s, one of relatively
| ow pitch for men, designated 5A and one of higher pitch for wonan,
designated 5B. Both were streamlined in shape, contouredto fit-
the hand and include a battery switch and a pitch control knob which
extended outside the housing. It includedin one snall hand held unit,
a modi fied tel ephone receiver used as a vibrating driver that was
hel d against the throat, a transistorised pul se ganerating circuit
and a battery powered supply. Wen the pul ae generator was swtched
on, vibrationa were transmtted through the throat wall into tha

pharynx cavity and transformed i nto speech by the normal use of the

articulatory structures. The authors clained that the | oudness of

the speech obtained with this unit was conparable with that of a nornal

peopl e speaki ng conversational |y and speech was quite intelligible.

However, they agreed that the speech so produced sounded sonmewhat
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mechanical. 'By the use of an easily operated inflection control,
a degree of natural ness heretofore unobtained with other artificia

| arynges may be obtainedwith this' (Barney, et. al. 1959).

The transistor circuit is shown in Figure 3* It is essentially
a two stage relaxation oscillator followed by a power stage that
works into a transducer. The relaxation oscillator used a ' pnp'
transistor QL and an 'npn' transistor Q2, ooupled together with
regenerative feedback. The frequency of csoillation is determ ned
by the pitch control resistance M in conbination with a capacitance
Cl. The output of the relaxation osoillator appears across R5 as a
aeries of short periodic pulses. The width of these pulses is deter-
mned by R2 and C1. The values givenin the figure 3 give a pul se

wi dth of 0.0005 sec

The periodic pul ses generated in the relaxation oscillator are
transmtted through the sem conductor diode CR1, to the base of the
power transistor (B. The HAL receiver is connected to the base of
the power transistor and receives short periodic current pul se of about

0.45 anp. peak value at oscillation frequency.

The range of the oscillating frequency may be adjusted by changing
the range of resistance R1, available in the pitch control rheostat
to stinulate either a man's or woman's pitch range. For nen the range
Is from100 to 200 Hz and for wonen the range is from200 to 400 Hz.
This is an octave range in either case and 'is sufficient to duplicate
the pitch inflection used in normal speech’ (Barney et. al. 1959).
The on/off switch and the pitch control rheostat are arranged so
that the switchis closed at the |owest oscillating frequency and
further nmovement of the control causes the frequency to increase.

Two 5.2 volt batteries in series provide the necessary power to



¢o
+ MO} -
| 0%
_ww\y |1+
m -
3 . —— LJ | xorp Arddng
W L g S8 : Mgoom_ A4 AxsTTTXNY
sodkooey 17 B SN — | % 1®
gf@mﬁmOuox .g 5% 089 24 mZE0 1D //uuwu
_. |
m,_ D 6°0
. Tox3u0) YO W W, 330/%0
20 - A
006 |
0olz €4

YNAMYT TYIOLAIINY V6 EdAL “¥°M JHL J0 NYHOVIQ LINOYIO EHI SAMOHS ‘¢ WNoIL



30

operate tho circuit.

Qut put vol ume neasurenents on subjects who have acquired a
noderate amount of proficiency show SPL's on the vowel peaks of 70
to 75 dB s above 0.0002 m crobar at a distance of 3 ft. fromthe
speakers mouth. Though this is approximtely normal conversationa
|l evel, inin environment so noisy as to require a speaker to raise
hi s voi oe appreciably above the normal |evel, this volume woul d

bring the speaker and the listener to shorter distances.

A quantitative estimate of whether the sound spectrumof the
artificial voioe approximtes that of the natural voice was made by
conparing tho frequency spectra of 10 vowel s spoken by a subject
using first the nowartificial larynx and then his natural voice.
Haworth (1960 found that for some vocal sounds, the anplitudes of
the higher frequencies dropped nmore rapidly in the natural voice than
onthe artificial voice, and for others it was opposite with a nearly
even division. Haworth (1960) has oonol uded 'essentially thia neans

that the artificial tone souroe has a suitable spectrun.

It has al so been shown that the newartificial larynx is able
to transmt sufficient power into the pharynx throughout the fre-
quency spectrumto permt satisfactory devel opnent of the high am
plitude regions of the vowel sounds (Barney, et. al. 1959). It has
been indicated in the souroe spectrumof the natural voice are stron-
gest at the l[owest frequencies dropping in anplitude toward the high
frequency noices at the ratio of about 9 dB per Cctave (Haworth,

1960) -

The transistorised circuitry, carefully selected sound spectrum
and manual control of volume and pitch nodul ation represent the major

advant ages of the above |arynx (Luchsinger, 1965). Luchsinger (1865)
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concl udes by saying 'a significant perfection of the electrio

| arynx has been net inthis artificial larynx'. However, regard-
ing the pitch of the artificial larynx, the pitch range provided

la only one octave, that i s, from100 to 200 cps and the authors
claimthat this is sufficient to duplicate the inflectional patterns

found in normal speech, which is not true.

4. DI RBCT ACTI VATION OF THS ORAL RESONATOR

Czermark's classical idea of leading the artificial sound
directly into the oral cavity influenced the efforts of severa
investigators (Arnold 1960; Luchsinger, 1965). Nunmerous experi-
ments were perfornmed on the hope of realizing this ideain a prac-

tical manner

Ticchioni of Italy produced a reed type Artificial Iarynx.

I'n 1955, Tiochioni fitted a regular tobacco pipe with an electro-
magnetic vibrator, activated through a flexible cord by a battery
powered pocket generator. The pipe is heldin a sinmulated posture
of pipe snoking and the hand that hol ds the pipe also controls the
interruptor swtch. Soundis thus introduced into the oral cavity
as the carrier wave for articulated speech patterns. The advantages
of this instrument are 1) it is easily cleaned, 2) easy to operate,
3) it is fairly inconspiquos and the disadvantages are 1) repl ace-
ment of the batteries is difficult and 2) tone is not good (Martin,

1973) .

Anot her model, the Cooper Rand speech aid works by direct ora
activation. This was introduced in 1953 by the hand devel opment
Corporation. It consists of a hand operated oscillator, generated
by a transistor battery. The electrical signal fromthe oscillator

passes through a lead to a tone generator which is held in the
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ot her hand, and fromwhich a plastic tube pipes Bound into the
couth and on this it ia possible to articulate. The vibrator
i sheld in one hand and the other hand operates a vol ume control
knob on the generator case. Thus this contraption has the disad-
vant age of occupying both the hands. Volune and pitch are adj us-
table and tone ia good. (Geene, 1964). but care nust be taken not
to let the tongue block the end of the transducer tube when speak-
ing, as this interrupts the voice. The aged individual my find
this reed unacceptable for esthetic reasons (Martin, 1973). Accord-
ing to Snidecor (1968) this Cooper Rand aid gives reasonable inte-

I[ligibility and has a m ni numanount of extraaneous noi se.

5. | NTRA ORAL SOUND SOURCE

Cooper and MI1ler in 1959, invented an oral type of artificia
| arynx consisting of a small transducer affixed to a denture in the
buccal area. It is connected by a fine wire that |eads into the
mouth froma transistorised circuit and battery in the patient's
pocket. This mechanismis activated by a switoh that is secured in
the armpit. Another type of aid whichalso vibrates directly in the
mouth is the oral vibrator developed by R V. Tait (1959). "An
upper dental prosthesis containing an el ectro-magnetically vibrated
di aphragmis incorporated in an artificial palate. The dental plate
i's connected by a fine twinflexwire |eading out of the nouthtoa
smal | battery operated audio oscillator, conparable in size to a,
hearing aid and usual |y worn in a pocket. The dental applianoe is
constructed as an upper denture for patients who nornally wear one,
or may ba held in position by the natural teeth in cases where no

upper denture i s worn".

*By pressing a small switch on the radio oscillator, the dia-
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phragn in the nouth is caused to vibrate. The sound produced in
this way may bo nodul ated into speech by normal speech novenents
of the oral nusculature. The oscillator isprovided with a control
whereby vibrations in pitch of voice nay be obtained. The flex is
detachable fromthe dental plate 30 that it need only be connected
when the patient w shes to speak and is readily replaceable should

br eakage occur" (Snidecor, 1968).

Wth practice the patient can learn to use the oscillator swtch
to differentiate voiced and unvoi ced speech sounds (Luchsinger, 1965).
Sni decor (1968) says "The instrunent has good intelligibility and a
m ni mum of extranneous noise". All inall, the oral vibrator is
relatively inconspiquos and a very prom sing devel opnent, but some

woul d object to the use of wires that dangle fromthe nouth.

Luchsi nger (1965) describes a further devel opnent of thisbgichler
(1961), which was necessiated to overcome the objeotionable need for
wires leading into mouth. Pichler (1961) has constructed a wireless
speech aid. It consists of a mcrotransmtter | oop worn under the
patient's clothing. A 'speech contact' plug, built into the trachea
t ube, serves as an inpul se generator. The inpul se waves are received
inamniature |oud speaker, housed in an artificial denture over the
upper jaw, which emts the audible sound waves. The essentially new
goal of the device is to use the inborn phonorespiartory reflexes
for the control of artificial phonation. The advantages of this ar-
tificial larynx has been listed by Luchsinger (1965). They are:

1) it is conpletely inconapi quos

2) it requires no nmanual operation;

3) it transmts the normal rhythmof speech and

4.) since it is devoid of nechanical parts, that have to be

inserted into the mouth, it does not disturb the articulation
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of consonants.

However, he has admtted that further technical inprovenents
are necessary before the apparatus will be ready for standardized,

producti on.

Then cones the highly debatable question of which nmode of reha-
bilitationis nore effective; esophageal speech or artificial |arynx.
Sone of the factors which inpede the devel opnent of esophageal speech
have been discussed earlier. Usually in those situations, esophageal
speech is not reconmended. Now we shall see how effective esophageal

speech will be.

Greene (1964) says "The esophageal speaker can becone so fl uent
that strangers do not realize the true nature of the disability and
may ask whether the patient has cold or laryngitis. This is atribute
indeed to the natural ness of the voice which upto this time no artifi-

cial larynx has been able to emulate".

It seens as though Greene is exaggerating the issue, for a nunber
of studies have shown (Damate, 1950; Snidacor & Curry, 1959; Rollin,
1967; Shipp, 1967; Curry, 1968, Snidecor &N chols, 1968; Snidecor,
1968) that even the superior esophageal speakers lie far bel owthan
normal speakers, with respect to frequency, rate of speech (in terns
of nunber of word3 per mnute) |oudness, quality of the tone etc.

And according to the criteria of CG Berlin(1963), which are indeed

very sinple, no esophageal speaker will be rated as good.

One of the best measures of efficiency in speechis rate in
words per mnute (Snidecor, 1968). Darley (1959) established rate
norms of nornmals for a passage. His zero percentile was represented
by 129 words per mnute, 50th percentile by 166 words per mnute and
the 100th percentile by 222 words per mnute. Franks (1939) found.
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that critical listeners judge rate too rapidif it exceeds 185

words per mnute and too slowif it is |less than 140 words per
mnute. A previous study by Snidecor (1955) indicated a range

of 108-137 words/mnute with a nedian rate of 122.5 words per m nute.
Thus no speaker in this earlier study exceed Darley's 5th percentile
and no speaker woul d be judged as adequately rapid by the Franke
norms. The results of the Snideoor's study are shownin Table II.
Fromthis it is evident that only one speaker coul d achieve a rate
of 153 words per mnute (15th percentile) of Barley's study and with-
inthe limts of the satisfactory rate by Franke norms). Snidecor
(1967) has al so shown that speakers coul d often Speak as nmany wor ds
on one breath as normal speakers and nore words than coul d the eso-
phageal speaker on one breath stream

TABLE | |
GENERAL TEMPORAL RELATI ONSHI PS
Esophageal Speakers

2 Nor mal
le i % 3 |‘:1> \% speaker
M
1. Wrds/nin 152 128 80 122 | 96 |122  140-185
2. Syllables/mn 210 183 117 168 147 | 168 | 203-265

3. Ratio of phonated
to total time (% | 50.8 | 47.0 | 39.5 | 38.4| 44.0 57.4 60-75

4. Count with one air-

charge of breath 14 na** | na na na na 40 est.
5. Duration of /al 1.16 | na na na na na |12.3-59.0
range (sec) 4.25
6. Duration of /a/mean
of 10-12 trails(seo), 3.70 | na na na na na |25.7
7 Repetition of /bal 14 70 est.
8. Repetition of /ma/ 15 70 ast.

>*

This and ot her folloiwng numerals on the horizontal represent the
average rating of the esophageal speakers.

** Not avai |l abl e.
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The ratio of phonated tine to total time gives sone measure
of vocal efficiency. If the speaker has many or |ong pauses, his
speech either will be unduly staccato or hesitant, thus distracting
fromthe neaning (Snideoor, 1968). According to Black (1942) Hanley
(1951) and Snideoor (1944) nornal speakers phonate from60 to 75
percent of the time during contonuos speech. The figure of 38.5 to

57.4 giveninitem3, Table Il is obviously well belowthat of normals.

The relative |oudness of esophageal speech and the normal speech
has been studied by Hyman (1955). H's speakers included 8 who had
nornmal voice and 8 who used esophageal speech. The peak intensity
| evel s he reports, as approxi mate measure of their |oudness ievels
were 79 dB (normals) and 73 dB (esophageal speakers). Anore recent
study by Snideoor and Isshike (1965) shows that the normal speaker
can sustain the vowel /a/ at the Ievel of 95 dB, whereas only one
esophageal speaker in Snidecor's study (1968) coul d produce the vowel
[al at 85 dBlevel. Further the intensity increases and decreases
for the esophageal speakers are rough (abrupt crescendos and gradual
di m nuendos). Van Den Berg, Mool ennar-Bijl and Danste (1958) report
the sane value. And Nichols (1968) has shown this to be true onin-
tensity profiles of broad band sonagrams. Evaluating the effective
ness of esophageal speech, with respect to | oudness, N chols (1968)
says "only the rare esophageal speaker can 'Turn UPthe vol ume' of
his voice so that he oan project to everyone in the roomor in some
busy pl ace". Snidecor and Isshiki (1965) found that & normal speaker
made snmooth intensity changes which ranged upto 45 dB, whereas their
superior esophageal speaker nanaged a range of 20 dB. Hyman (1955)
puts this figure at 11 dB. Evaluating all these, Snidecor (1968)
says "we oan see that potential intensity |evels and variability are

much | ess for the esophageal speaker than the normal speaker. The
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ef f ecuency of the sound producing system though surprisingly effect-
ive is less effective then for the normal speaker. The intensity nodu-

lating systemis also | ess sensitive".

A N chols (1968) concludes the issue by saying "finally conside-
ration should be given to the relation between the actual magnitude
of the voice as a function of the intelligibility. The intelligible
voi ce need not be as loud as the unintelligible voice to be confortable
for the listener. Consequently an inprovenent in intelligibility may
provi de an apparent increase in |oudness. The tendency of sone speakers
to finish words, sentences and phrases in a whisper, rather than charge
nmore air behind the pseudoglottis, also has an effect on apparent |oud-
ness"(P.113). The pitch of the effective male eacphageal speaker is
substantially | ower than that of normal voice. Both the Danste (1958)
data and Curry and Snidecor (1961) data reveal that mean frequency
| evel s are about one octave bel ow those for normal speakers. The Curry-
Sni decor data reveals that superior esophageal speakers have a speaking

range from2.0 to 2.50 octaves with an 3D in tones of 2.30.

A spectrographic study of the esophageal voice by Arslam and
Serafin (1972) showed the conpl ete absence of regular succession of
fundamental s and harnonics with a typical aspect of 'noise' even if

there is a fairly regular arrangement of vocal formants.

Table 111 presents some physical nmeasure of the frequency usage
among al aryngeal speakers from studies of Danste (1953), Snidecor

and Qurry (1961), Shipp (1967) and Rollin (1967).
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TABLE | ||

MEASUREMENTS OF FUNDAMENTAL VOCAL FREQUENCY
USAGE

Canst e 8SLniO<jecor Shi pp* Rollin
(1958) ( 196&3 y (1967) (1967)

Fundanent al Frequency

Mean(i nHz) 94. 38 65. 6
Medi an (in Hz) 67.5 63. 3 86.1

SD(i n tones) 2.3 2.56
90%Range (in tones) 6.5 8.25

H ghest frequency (in Hz) (1357) 135.5
Lowest frequency (in Hz) 17.2

FromSni decor, 1968.
The conbi ned data fromTable Il woul d appear to substantiate the con-
ol usion fromSni decor & Qurry (1961) that the nean froquency |evel s for
nost al aryngeal speakers is alnost exactly one full octavs bel owthe

| evel for nornal speakers. This is further evident fromthe Fig. 4.

Sni decor & Qurry (1960) have described their experinental results
with carefully sel ected al arygeal subjects judged to be reading a stan-
dard passage in a highly superior manner. The neasurenents of funda-
nental vocal frequency were obtained by utilising the phonophot ogr aphi o

t echni que descri bed by Cowan (1936).

The fundanental frequency vocalizations of the al aryngaal speakers
are produced i n a frequency range whi ch has speci al perception probl ens
(Qurry 1968). These rather obvious perceptual aspects of al aryngeal
speech (that i s, the '"pitch' aspects) have been consi dered by nany
aut hors. A passage fromVan Den Berg (1954) is of particul ar inpor-
tance. "The variations in pitch which can be produced by the pati ent

are much Uni t ed then those whi ch caa be nmade in | aryngeal speech.
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FIGURE-L

C 132.1

2 63.3

Superior
Alaryngeal
G Superior adult Speakers.

1 laryngeal T
32.7 spe akers

16.35 —

Distribution of frequencies measured for two groups of
super speckers (From Snidecor 1963)
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The reasons are obvious. In the larynx, we have a very conplicated
and del icate conpl ex of muscles, which allowfor conpensatory mecha-

nism while in the pseudo larynx only one nuscle is present".

Wth reference to quality or wave forminformation, spectro-
graphic analysis of esophageal voice reveal ed that although the
voi ce contains a noi se conponent upto a high frequency region (6000
Hz), the harnonic conponents are still clear and easily distinguished
fromeach other. Wen the voice is highin pitchy the noise conpo-
nent is relatively great and the pitch is unstable as noted in
irregular 'vertical atraitions' of aw de band sonagram ( Sni decor,

1968) .

The voi ces of esophageal speakers are often hoarae, and they are
frequently thought to have cold (Geene, 1968; Shrynek, 1957; N chols
1968). N chols (1968) has devel oped voice quality ratings of the
Asai and esophageal voices, using paddock scal es.

TABLE I'V

VO CE QUALITY RATINGS FOR SPEAKERS USI NG THE
ASAl ESCPHAGEAL VO CES.

(Paddock scal es)

Breathin Hoar sen
Har shness. eatni ness oar seness

Asai speakers:

Mal e:
one nont h 4.9 2.9 5.5
Three nont hs 5.7 51 6.3
Four nonths 5.3 6.5 6.7
Femal e 6.1 6.5 6.6
Esophageal Speakers:
Mal e 2 Begi nner 6.3 2.0 6.7
Mal e 3 begi nner 6.8 2.3 6.9
Mal e 4 Good 6.1 31 6.5
Mal e 5 good 6.3 2.9 6.8

FromSni decor, 1968.
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Fromthe Table IVit is evident that harshness ratings indi-
cate a better vocal quality for the Asai voice. The hoarseness
ratinga do not show clear cut differences. However, nost striking
Is the fact of the growth of the breathineas ratinga for the nale
Asai speakers, over the nonths in which he has acquiring control

over his voice and the femal e speakers breathineaa (N chols, 1968).

Ni ohol s (1968) concludes by saying 'in a general senae, refe-
rences to effectiveness have sone relavance to the topic of voice
quality. For exanple, Levin (1940 says that 'The quality of speech

depends upon early training after the operation".

Comng to the effectiveness of artificial larynx, it is inter-
esting to reviewthe results of Hyman's (1955) study. He found,
In conparing the voices of the artificial |arynx, and esophagea
speakers, that the artificial larynx speakers were al ways preferred.
This study indicates that acoustically speeoh production by means
of the artificial larynx was preferred over esophageal speech. Hyman
says 'there is probably no significant difference inintelligibility
bet ween good speakers who enploy the artificial |arynx and esophagea

speech'.

Hyman's study showed that the reed type artificial |arynx was
often | ouder than the normal voice under controlled conditions.
However, according to Nichols, with the eleoctrolarynx, |oudness is
a matter of adjusting the power to an adequate level or trying a
nmore powerful instrument. Barney, Haworth and Dunn (1959) studied
this problemat Iength. The |oudness of the artificial larynx they
devel oped was felt adequate for conversational purposes although

In situations in which the normal speaker woul d increase his intensit;
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they advised that the speaker nove closer to his listener. The
vowel peaks with this instrument was 70 to 75 dB at a distance of

three feet fromthe speakers nouth.

The |oudness of the esophageal speech is so |ow sonetimes
that anplification becomes necessary (G eene and Watson, 1967)
Bird HM 1965). Bird' s anplification systemincludes a anplifier-
| oudspeaker unit. Geene and Vtson (1967) say that all esophagea

speakers wi Il find anplification useful.

G eene (1967) reports that artificial larynges shoul d be tried
by a client for each speaker has different needs. She wites 'after
extensive experinentation we retain the WE Type 5, the Aurex Neovox
and the Dutch DSP 8, By far the nost successful and popular is the

Aur ex" .

Ni chols (1968) is of the opinion that probably in terns of the
general effectiveness of the voice the artificial larynxis so con-
siderably derogated in the literature. Further he continues "A
Common thene is the monot onous, neochanical, netallic voice produoed
by the reed type instrument. Hectronic |arynges produoed in the
1960" s have considerably better tinbre. However, the nonotony re-
mains in nost instrunents; in others, the buzz of the carrier fre-
quency may detract fromthe quality and may mask the speech of the

user".

Saku Y (1954), by neans of a frequency anal yzer, made conpar a-
tive studies of normal and artificial |arynx speech and concl uded
that "these showed reductions in overtones in the speech of the arti-
ficial larynx, as well as indistinctiveness fromthe formnts".
The aut hor believes that this may be one of the reasons that voice

with the artificial larynx is not clear and sounds |ike a nonotone.
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The experinents of the Barney, Haworth and Dunn (1959) show
that the introduction of tha vocal source into the articulatory
systemin the pharynx produces & batter voice than the sane source
introduced into the oral cavity. They uae this evidence to justify
the use of the throat tissue vibration principle in the VE Type 5
electric larynx. A atudy by Wallaoh (1960) confirmed that a throat
vibrator artificial larynx, an Aurex conpact, was both more intelli-
gible and nore preferred', than a mouth vibrator, a Cooper Rand
el ectro larynx. However, WE type 5 was not included in this conpa-
rison. Geene's (1967) report of the clinically established prefe-
renoe for the Aurex Neovox, athroat vibrator, has already bsen nen-
tioned. Barney, Haworth and Dunn (1959) did a series of conparisons
bet ween vowel s produced by speakers using his normal voice and while
using the artificial larynx. Certain of the vowels had too nuch
power in the upper harnonics, others too little. The experimenters
concl uded that the spectrumof the vibrator was, on the average, ade-

quate as a source of harnonica of vowel production

Schonaur| (1962) says that the [imtations of WE Type 5 artifi-
cial larynx are due to the reduction of the 'resonance cavity' be-
cause of the anatomcal alterations follow ng surgery, the thickness
of the external |ayer of the neck, an uneven surface for the applica-

tion of the sound head and the |imt of |oudness.

Hyman's (1955) study of the esophageal speech and air driven
artificial larynx deals at seven point with |istener preferences.
In a series of paired conparisons, the artificial speakers were chosen
as 'nore pleasant to listen to' then the esophageal speakers, in
every case. However, the judgenent of the quality, may |ogically
depend upon the criteria, other than the perception of quality per

se. For exanple, it has been found by MCr owsky and Mil | i gan(1963)
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that the artificial larynx is more intelligible than esophagea
speech to the naive listeners. The opposite was true for |iste-
ners who had training in speech rehabilitation (Speech Pathol ogists and
students intraining). The latter result was al so noted by Shames,

Font and. Mathwes (1963).

Taking all of the factors into consideration, i.e., |oudness,
quality, intelligibility etc., it can be saidthat the artificia
larynx is a nore effective nmode of conmunication than eaophagea
speech. One failure of the artificial larynxis the failure to pro-
duce the harnonic atructures of all vowels. Snidecor (1968) says
"along with the overoptimsmfor the devel opnent of the esophagea
speech, there devel oped an unwarranted critical attitude toward the

artificial larynx".

Those who advocate esophageal apeech, claimthat it has a be-
tter voice quality than the artificial larynx (Geene, 1964; Luch-
ai nger, 1965; Van Riper and Irwin, 1966; Snidecor, et. al., 1968)
Further they think that the use of this instrunent is an unnecessary
crutch and interferes with the devel opment of esophageal speech
Hynen (1955) says that people who start out with artificial [arynx
wi || generally be poor speakers. Here it is interestingto see
G eene's statement: "The advantages of esophageal speech are so great
that every patient nust be encouraged to persevere for sone months

in learning the new skill before giving up the attenpt”.

Broadnitz (1962) asks therapists not to reconmend an artificial
larynx until we are sure that the patient can not |earn eaophagea
speech. He says early introduction of the artificial larynx dimni-
shes the notivation of the patient to | earn eaophageal voi ce.

Furr (1968) agrees with Broadnitz.
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Edel man (1967) al so recomends that artificial [arynx shoul d
not be introduced during the immedite post operative period. The
reasons he gives are that the pattern of air intake is not the
sane indeed for esophageal speech and if the greater part of the
conmuni cation efforts are dependent on a button instead of on the
00- ordi nat ed novenents of the oral nusculature, that person will
establish bad habit patterns for voice production which are opposed

to those needed for esophageal voice.

Those who oppose the use of artificial larynx assert that the
instrument has too many limtations, not the least of whichis the

unacceptabl e sound it makes.

The factors which inpede in the devel opment of esophageal speech
have been discussed earlier (Page ). And also it is known that
many | aryngactonee's do not |earn esophageal speech. Usually in

these situations an artificial larynx is recommended.

In a recent study of 3366 | aryngectonees, Horn found that only
64%spoke wi th esophageal speech. Gardner and Harris (1961) re-
ported that 40%of all |aryngeotonees never acquire intelligible
speech and an artificial aid should be reconmended for them Putney
(1953) found in a survey of 446 |aryngectonees that 38%failed to
devel op an useful voice. Mrtin (1963) says "Despite optimstic
clains (sonetimes as high as 80% , | would estimate that |ess than
1/2 of all laryngeotonees ever acquire a reasonably adequate and so-
cially acceptabl e esophageal voice, that i3, better than'indiffierent",

"poor", 'offensive' or 'absent'.

Lueders (1956) maintains that approximately 1/3 of all patients
do not | oamto speak and that based en his judgement of sone patients

who consi der thensel ves abl e esophageal speakers, the proficiency
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of the remaining 2/3 mght be questioned.

Kal I en (1934) reports of the acute depression which often in-
terferes with speech progress."A pathol ogic reactive depression is
the usual sequela to the doctor's dictumthat the larynx i s cancerous
and that it has to be renoved at once: and that natural speech will
no longer be possible". (Heaver and Arnold, 1962: as quoted in
Geene, 1964). And even after the operation, when the patient
can't speak, however effective our counseling may be, this depre-
ssion will persist. For this reason Heaver &Arnol d(1962) advocate
the use of artificial larynx until the esophageal voice is nastered.
Lueders (1956) states further: "The psychol ogical inportance of an
early return or communicative ability shoul d be considered, speech
being the nost inportant social function, should be restored to the
patient as soon as possible. The psychol ogical effect of enforced
silence during a protracted | earning period for the esophageal speech
is the building up of resentments and frustrations that tend to make
the patient uncooperative. It is perhaps better to offer himthe help
of electrolarynx, with which he can atleast satisfy his all inportant
sense of speech". Another paragraph fromLauder (1968) is interest-
ing: "Many speech pathol ogi sts, physicians, |aryngectonees and par a-
medi cal specialists claimthat the early econom c bal ance is a nece-
ssity for the newlaryngectonees; that esophageal speech can be
devel oped | ater when the patient has recovered fromthis traumatic ex-
perience". They assert that the instrunment is nuch more understand-
abl e then the esophageal voice and it enables the user to communicate
nmuch sooner and nore effectively, particularly in situations invol-
ving emotional stress or nmore volunme then is normally possible with

esophageal voice is required.
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In a questionaire study De Beule and Danste (1972) have
shown that 50%of the |aryngectomees |earnt speaking through an
artificial larynx. They also say that only 5%of the artificial

| arynx speakers did not |earn to speak withit.

I n conparing esophageal speech with eleotro |arynx speech
Martin (1963) asserted that the el eotrol arynx voice tends to be of
uniformquality; that it is far rasping in tone than many ot herw se
accept abl e esophageal voices and furthermore, that it always devoid
of intake burps, facial grimces and concomtant forced expul sion
of air fromthe stoma. Mrtin (1963) clains that even the best
esophageal voice is monotonous and sonewhat hoarse. He al so has
a difinite opinion as to when the electrolarynx shoul d be introduced
to the |aryngeotomee. He states "furthermore, contrary to the pro-
nouncement of many esophageal voice teachers, resorting to such a
device pronptly after operation, in ny experience, does not preclude
or discourage the patient fromlatter efforts to the attai nment of
esophageal speech, nor does it |essen the chance of ultimte success
inthat endeavor. It can serve, however, as a stop-gap, inall the
cases and give the laryngectonee an unprejudi ced eventual choice bet -
ween the two methods. Also it makes it possible that use of either
one as a supplenent to the other, depending upon the requirement of
tha occasion. Elimnation of any unnecessary delay in aohieving a
practical means of communication transcends any and all other consi-

derations".

No research has yet shown that an artificial |arynx precludes
or sl ows down thel earning of esophageal speech (Diedrich, 1966;
Grant, 1963: as reported in Lauder 1968). Further Diedrich (1966)

continues: "it mght showthat the artificial |arynx as a means of
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comuni cation, theclinician should feel rewarded that he has pro-
vi ded a neans by this was acconplished and not feel guilty that

ho was unable to teach tha person esophageal speech. It was a de-
cision for the client to make, not the clinician". And the advo-
cates of the artificial larynx claimthat the use of the artificia
larynx need not interfere with the devel opnent of the esophagea
speech, so long as the patient's teacher perseveres in teaching

tha proper technique for esophageal voice.

D edrich (1966) says that articulation skill is an additiona
speech benefit which mght occur fromthe use of the artificial |arynx
during the inmedi ate post-operative period. The user of the artifi-
cial larynx nust articulate precisely or the speech will be uninte-
[ligible. He nust learn, for exanple, to nake voi cel ess consonant
sounds with intrapharyngeal air pressure and not wth pul monary air.
Tho | earner of esophageal phonation nust also learn to articul ate
voi cel ess sounds in a like manner. dinical observation indicates
that the laryngeotonees learn to articulate well if they had success-

fully used the artificial l|arynx before acquiring esophageal speech

Anot her secondary benefit of good articulation ia its influence
on air intake precision in articulation. This novenent aids in the
i njection process especially during the syllable pul se of plosives
and sibilants, Because of these possible speech gains through the
use of the artificial larynx, it is suggested that the esophagea
speech | earning period can bo shortened, not |engthened. (D edrich

1966) .

Laupher (1968) says that artificial larynx is no deterrent to

the learning of effective esophageal speech. In fact it may be an
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aidinas much as it permts the person to keep his comunication
alive, to return sooner to his job: it helps keep his norable high
and tension |ow and this hel ps establish a favourable climate for

| earni ng esophageal speach.

Summers (1973) says that electrolarynx can al so bo beneficia
and useful for thosa patients who have tenporary tracheostomes, in

whomthe primary problemis the inability to phonate.

The entire subject was summarized by Diedrich & Youngstorm
(1966) who say: "The philosophy with which the speech clinician should
mai ntain does not appear to sinple division between esophageal speech
or artificial larynx. They are not mutually exclusive. The question
I's not which nmethod is better, but which methods are best, not only
for any given patient but also for any giventime, within the rehabi-
litation time. What may be appropriate just after surgery may not
be appropriate in aysar; what is adequate speech at home nmay not be
adequate at work. Also the clinician's nethod of choice may not be
in harmony with the wishes of the patient. Herein, he has a profe-
ssional ethic which should not be ignored - the patient must have
freedomof choice after he has been provided with the best available

i nformation about his problent.

Pitch plays a very inportant role in speech. There is a great
amount of variation of pitch fromindividual to individual. How
ever, in the ganut of pitch scales of each individual subject there
la one level atleast (usually 2 in adult nales) at which the chambers
of mouth, throat and chest have a relatively high potential, for the
resonance of the laryngeal tone. That is, there is apitch |evel
at which the individual phonate nost efficiently and makes tha | oudest

tone possible, with the |east expenditure of energy - a pitch at
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which the greater amount of energy carried in the air colum

Is transmtted i nto sound waves (Vést 1968).

Apart fromthis the individual uses his own pitch [evel which
I's known as habitual pitoh |evel, nakes considerable variations from
this general |evel, which breaks the monotony of the speech and al so
gives the intended enmotional as well as cannotative meaning, if it

I's used property.

According to Wl bert, variation in pitoh in speech are mainly
instrumental in the expression of |ogical aspect of neaning. They
al so contribute; signifioantly in the expression of enotional mean-
ing. Lynch found by experinmentation that both experienced and the
I nexperienced speakers use the wi dest inflections for anger and the

narrowest for grief.

According to Fry, for the conprehension of speech, not only dis-
crimnation of consonants are neoessary, but also cues |ike stress
and inflectional patterns, the nelody of the | anguage are neoessary,
whi ch are conpared against the fixed patterns that have been | earned.
Stress, intonation and inflection are the words which denote the va-
riations in pitch continued with the other attributes of voice |ike

| oudness and ti ne.

Wncle (Reported in Geene 1964) has shown that stress in
speech is dependent upon increase in breath force or a fuller use of
resonance. Inflection ia acconpanied by mnute adjustnents in |engths
or tension of the folds which produce expressive pitch glides. The
moaning of speech is utterly dependent wupon tho factors of stress,

pitch or pace, which are conceived intellectually as a rhythmc

quence of events or coherence of what would otherwise be the utterence

of a disconnected series of vowels and ¢ o n s 0 n a n t s
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Fai rbanks defining intonation and stress in the light of the
know edge gained in the acoustic laboratory states that intonation
s an exclusive termreferring to pitch as a function of time and
may be applied to a sinple inflection or tolong termvariations
i n phrases over nunerous inflectional shifts (Geene, 1968).
Fai rbanks in defining rhythmin speech as a 'pattern of vocal change',
says that "it is inherent in speech to be rhythmatic' or draws
attention to the need for regular ventilation or breathing pattern
whi ch underlie pause, stress, rate, pitchor intensity. Accent
refers to the relative stress on syllable in awrd. Accent also

plays an inportant role in speech.

"One of the most inportant and most conspiquos characteristic
of speechis the voice quality of the speaker" (Nataraja, 1972).
When the voice becones disordered the inplication to comunication
Is inmense. The abnormal voice can be a serious handi cap and enba-
rassment to the speaker, if he is aware of the effects on the |ist-
ener. Mre than this the vocal hygiene of the patient will be dis-
turbed. Perkins (1971) while eval uating optinumphonation says
that the domnant criteria for the Speech Pathologist is vocal

hygi ene.

"Mbst of the therapies of voice disorders are based on the
belief that a person has an optimumpitch, at which the voice wll
be of a good quality and will have maxi mumintensity with mninmm
expendi ture on energy and they concern mainly with altering the habi-
tual pitch level or making the patient to use optimmopitch"

(N.P. Nataraja, 1972).

Shantha (1973) in her study of treating the voice disorders

by the Isochronal Tone Stinulation Technique found that this tech-
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nique was effective with a majority of voico disorders. By chang-
ing the pitch and by providing optinum frequency she coul d treat

voi ce problens such as 'puberphonia', 'nasality', 'hoarseness' etc

The instruments which Shantha used in this technique were a
Beat Frequency Oscillator and the vibrator of the WE Type 5A arti -
ficial larynx. The vibrator was kept at the neck region tuned to
the case's optinumfrequency first. They were asked to match their
voice to the frequency of the vibrator. Next the vibrator frequency
was changed toward optinumfrequency, step by step, follow ng the pro-
gressive approximtion technique. During the matching procedure
cases were guided by the appearances and di sappearances of beats,
i.e., when the laryngeal tone and the tone through the vibrator di-
ffered slightly (within 10 cps) they resulted in beats. The cases
were instructed first to match for the di sappearances of beats, thus
achieving the desired frequency at each stage till the optinmumfre-

quency of the case was achieved.

Since the Beat Frequency Oscillator is a very costly instrunent
and not easily obtainable a substitute for this to feed the tones
through the vibrator becomes essential. For this it is hoped that,

a variable frequency artificial larynx, the devel opnent of which this

study ai ms, can be used.

Here it is ained to develop a variable frequency artificia
| arynx, so that depending upon the optinmumfrequency of the indivi-
dual patient the frequency of the artificial larynx can be changed
and thus the patient can be given the optimumfrequency and the needed
harnoni cs to bring about the inflectional patterns found in nornal
speech. Hataraja (1972) has devel oped a method of |ocating tha optinmum

frequency objectively, where he defined optimumfrequency operationally



53
as the fundanmental frequency of tho voice, which elicits tho maxi-
mum response of the vocal tract. Aa Perkins (1971) states the
mai n goal of Speech Pathologists is to maintain vocal hygiene.
Host of the tines maxi mumrealisation of tha acoustical and
esthetic goals is achieved when the voice is produced efficiently,
therefore effectively, therefore hygienically - (Perkins 1971). Perkins
(1971) continues: The specification of the optimal functionis quite
different fron the specification of the normal; optimumis boat,
normal is average. Thus the clinician by giving the optimumfre-
quency is nmaking the case to use the best voice, which is hygienic

to his vocal nechanism (N P. Nataraja and H Jayarama, 1974)



CHAPTER | I |
VETHODOLOGY

The aimof the study was to develop a variable frequency art-
ificial larynx with a pitch range of 50 to 350 Hz. It was al so in-
tended to provide provision for ohanging the output intensity of the

artificial larynx.

The Bl ock Diagramof such an artificial larynx is shown in

Fi gure. 5.

TEST ROOM

Al'l the experinments were carried out in the E ectronics Labo-
ratory of the All India Institute of Speech & Hearing. Frequency
and intensity neasurenments and recordings were carried out in the
El ectro acoustic room a roomwhich is an ordinary roomset apart

for such work and equi pped for such work.
EXPER MENT - 1
STUDYI NG THE | NFLECTI ON PATTERNS | N NORVALS:

Five good speakers wore selected fromthe popul ation of the
Institute (those who had experience in dramas as actors and those
who were using optinum frequency). Good speakers were selected,
because it was assumed that they woul d have good intonation patterns

The age range of the subjects selected were from21 to 35 years.

The instruments used were:
1. Condenser microphone
2. Sound pressure level meter with an octave filter set
3. Stroboscope
4. Tacho Unit.

These instrunents were arranged as shoen in Figure 6
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Three sentences were selected. The sentences selected were all

marked with respect to pitch levels. For example,

naa mane gho kti:ni

1. Low pitch level

2. Normal pitch

3. High pitch level
Falling pitch

Rising pitch

The sentences selected were;
1.naa.:mane:ghokti:ni.
2. adu: bahala chennaagide

3. ni bengal rige h gti:yaa

As the speaking fundamantal frequency could not be measured using
the available instruments, it was planned to measure the frequency at
the beginning, medial and final positions of the sentence, as the sub-
jects were asked to prolong the vowels. The corresponding freqguencies

were measured directly on the Tacho unit.

This experiment was carried out to have an idea of how much of fre-
quency variation from the level of optimum frequency should be made to
convey the given meaning and also how much of frequency range should be

provided in the artificial larynx.

EXPERIMENT 2

CONSTRUCTION OF A VARIABLE FREQUENCY ARTIFICIAL LARYNX:

A) Sound Source & the Variable Frequency Oscillator:

In the present study, a sinusoidal wave which equals the optimum
frequency of the case is selected as a sound source. The sinusoidal

wave consists of higher harmonics to obtain the quality of normal speech.
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The varuiable frequency oscillator concists or a sinple Hartley
oscillator circuit. The frequency variation is achieved by sinple
circuit modification. The higher harmonics were obtained by nodifying
the negative bias. The stability of the oscillator frequency is achi-
eved by Using appropriate ratio of Rl and R2. The circuit diagram of
the oscillator is shown in Figure 7. The frequency range of the osoi-
|lator is 50 to 350 Hz. The output of the oscillator over the entire
range was measured by using a AC MIli Volt Meter, Philips type GV
6012.

The oscillator output characteristics for different frequencies
(Harmoni cs) were neasured by using AF Anal yzer, Bruel and Kjaer, Type

2107 and Level Recorder, Brual and Kjaer, Type 2305.

Gscillator Interruptor:

A power interruptor was introduced in the oscillator circuit to

stop tho power to the circuit.

Frequency Anal ysis:

The oscillator output, for different frequencies was fed to an

AF Analyzer as a direct input. The AF Anal yzer was connected to the
Level Recorder by nmeans of a flexible shaft for automatic anal ysis.
The output of the AF anal yzer was fed to the Level Recorder (See
Figure 8). After making the prelimnary adjustnents, the signal was
anal ysed in the fol | ow ng bands:

20 Hz to 63 Hz

63 Hz to 200 Hz

200 Hz to 630 Hz

630 Hz to 2000 Hz
2000 Hz to 6300 Hz

Tho frequency anal ysis recording was obtained on the recording
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paper of the |evel recorder

Frequency anal ysis of the acoustio output of the transducer
used in the present study was al so anal yzed as described above.
Here the output of the transducer at different frequencies were
fed to the AP Anal yzer (Type 2107) through a condenser m crophone,
keeping the transducer at a constant distance fromthe condensor
m crophone. As above, the signal was anal yzed in five bands, from

20 Hz to 6300 Hz.

The frequency anal ysis of the output of the WE Type 5A arti -

ficial larynx transducer using that circuit was done in two ways.

1. Feeding a oonstant frequency signal of 125 Hz fromthe
Beat Frequency Oscillator.

2. The actual osoillator output of the WE Type 5A artificial
| arynx, keeping the pitch control knob at the m ni num
and the maxi mumpositions. The frequency anal ysis was

done in the sanme way as above.

Al 'so frequency anal ysis of the normal human voi oe, when the
subj ect phonated / a/ was carried out as described above. First
hi s optimumfrequency was found out and the subject was asked to
phonate at that |evel keeping the intensity constant aa far as
possible. The tacho unit was used as a clue in maintaining the

sanme pitch | evel

In a simlar way the frequenoy anal ysis of the transducer output
was carriad out. The sanme subject selected in the above experinent
was sel ected again. The frequency of the present artificial |arynx
was fixed at the optinmumval ue of the subject and the transducer

out put was resonated through the vocal tract in the vowel /a/ posi-
tion. The results were anal yzed.
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B) Amlifier Qrcuit

The anplifier circuit used to drive the transducer consists of

two stages:

1) Voltage anplifier, and
2) Power anplifier.

The voltage anplifier consists of a single transformer coupled
anplifier. The power anplifier oonsists of a single stage power
transistor circuit. The voltage and the power anplifiers are coupl ed
through a potentiometer to control the intensity of the transducer
The transducer is directly connected to the collector circuit of the
poster transistor. The circuit diagramof the anplifier devel oped

i's shown in Figure:9.

The anplifier is directly coupled with the oscillator circuit

(Refer: Figure 10).

The frequency and power characteristics of the anmplifier were
measured by using the AF Watt Meter, Radart Type 930-A, AF Generator
Philips TypeGM 2308. The arrangenents of instrunents to nmeasure the
frequency and power characteristics of the anplifier devel opedis

shown in the Figure 11.

A constant voltage of 0.1 volts, for range of frequencies
50 Hz to 4 KHz, fromthe AF Generator waa fed as input to the am
plifier. The gain control of the anplifier was placed little above
mddl e val ue. The output of the anplifier was fed to the AF Wtt

Meter and the power output was obtained for different frequencies.

The power consunption of the whole circuit (both oscillator &
amplifier) was measured using 2 nulti-meters (Goerz El ectronics,

Unigor Type4dP).
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Intensity Control:

To control the output of the transducer, a potentioneter of
5 K ohmval ue was introduced in between the Voltage and power am
plifier stage. This potentiomater gives |inear rise and decrease

inintensity.

C) Transducer:

In the present study, the transducer of the WE Larynx, Type
SA, was used. This transducer handles a power of 400 mlli watts.
The mechani cal inpedance of the transducer matches with the i npedence
of the throat muscles, and al so matches with the inpedance of the

anplifier devel oped.

D) Power Supply:

The D.C. Power required for the whole circuit is supplied by
means of a 9 volts battery. The current drain through the circuit
at the maximumwas 200 m|li anperes. The voltage was constant for
a continuos operation of fifteen mnutes. After fifteen mnutes
the drop in voltage was 0.1 volts, which was ineffective to the

circuit interns of quality and power output.

E) QO Switch:

A small on/off switch was introduced in the battery circuit

to switch of tha power, whenever the instrument is not in use.

F) Mechani cal Construction:

The whol e oirouit was mounted on a 5 inch by 11/2" printed cir-
cuit board devel oped for this purpose. The printed circuit board
was made taking a copper/ebonite board. The design of lay out of

conponents was drawn on the copper side of the Board. Lines were
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drawn with white paint on the board where copper linings were re-
quired. Then the extra copper was dissolved by dipping the board in
Forric Chloride solution. Suitable holes were nmade for nounting and
sol dering the conponents. Two knobs, one for ohanging the frequency
and one for changing the intensity were provided. They were arranged
on the body of the panel in such a way aa to enable the patient to
operate the frequency knob with the thunb and the intensity variation
knob with the forefinger. These two were arranged on the upper por-
tion of the artificial larynx. Just above the frequency variation
knob, on/off swtch knob was provided. Belowthe intensity variation
knob and in the |ower portion of the artificial larynx, an oscillator
interruptor was provided in such a way that the patient can operate it

with his little finger. The panel of the artificial larynx i s shown

in Figure 12.
CALI BRATI ON OF THE FREQUENCY DI AL;

A knob with a fixed marking was connected to the shaft of the
anplifier to change the frequency. Frequency val uea were marked on
the body of the panel. The fixed mark on the knob ahowa the frequency
of the oscillator, corresponding to the nunber on the body of the
panel . Those nmarkings wore made by neasuring the actual frequency

of the oscillator by using Frequency Counter, ITI Type 702.

CALI BRATION OF THE I NTENSI TY DI AL

The intensity dial was fixed to the sane panel. The potentio-
meter shaft was provided with a fixed mark. Reference nunbers on
the panel were made with respect to the knob marking. The whole in-
tensity range is divided into five levels on the grounds of the out-
put of the vibrator in an open field. The intensity nmeasurements
were made by using a sound Pressure Level Meter, Brual & Kjaer,

Type 2203.



68

YOIIMIMIINT MOLVITIOSO

IAI...I:
ZTISNEINT (sd0 ur) xoNEn Fud
¢ 0 05¢ 0§
. ; 00€ ol
o > 062 051

00¢

ZIOYNO

SEONM DNID:VHO ATISNEINT QNY ACNENUYEE FHI BIIY YNAYVT TVIOIAIINY EHI £0 TENV :21 CHODIE



10
Tho intensity neasurements were al so made when the transducer
was pressed against the throat. The intensity control was kept at
the maxi mm position and the condensor m crophone was kept at a dis-

tance of 1 ft. The neasurements wore carried out in the sane way.

EXPER MENT: 3

TRAI'NING NORVAL SPEAKERS TO ACH EVE THE | NTONATI ON PATTERN FOUND I N
NORMAL SPEECH COR TO SI MULATES NORMAL SPEECH, USI NG THE ARTI FI CI AL LARYNX

The follow ng instrumentS were used:
|
1. Sane as in experinment one.
2. Variable frequency artificial [arynx (devel oped)

Sentences used were sane aa in Experinent. 1.

Five normal speakers were selected fromthe population of the
Institute and their optimumfrequencies were found out (using the me-
thod given by N P.Uataraja, 1972, Refer Figure 13). Then the purpose
and use of the different knoba of the present artificial larynx were
explained to themin detail. They ware asked for any doubts they

had about using the present artificial |arynx.

Then the subjects were asked to dramatize the sentences seleCted
in the earlier experiment, making necessary pitch variations. The

speaki ng fundamental frequency WAS found as in experiment one.

Than the subjects were shown howto operate different knobs.
Then the frequency knob was set at their optinmumfrequency |evel, and
the subjects were asked to dramatize the sentences selected, using
the artificial larynx, making necessary pitch variations. Tho speak-
i ng fundamental froquency, when using the artificial larynx, was

found out in the sane way.
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EXPER MENT 4

FINDING THE INTELLIG BI LI TY OF THE SPEECH PRDUCED
WTH TH S ARTI FI O AL LARYNX

Five subjects were selected fromthe popul ation of the Institu-
te. Some of themwere there in the First and Third experinents al so.
Their optimmfrequencies were found out. The output of the artifi-
cial larynx was kept at the mddle value. The artificial larynx was
set at that level for each subject and they were asked to speak spon-
taneously for two minutes, making necessary variations in frequency,
fromthe level of the optinumfrequency, and al so they were asked
to read a passage. At the sane tine the speech was recorded. The
recorded material was |ater given to four judges who consisted of
two trained Speech Pathol ogists to rate the intelligibility of the
speech. They were asked to rate the intelligibility of speech on a.

three point rating scale, interns of "poor', 'fair', or 'normal"'.

EXPER MENT 3

TRANNG THE DYSPHON CS BY | SOCHRONAL TONE STI MULATI ON TECHN QUE
WTH THS ARITFTTO AL TARYNX

Three cases who were coming to the Institute dinic were selec-
ted. Al of these cases were diagnosed clinically as 'high pitched
voice with pitch breaks' by trained Speech Pat hol ogi sts. Their opti -
mum f requency was found out and by the Isochronal Tone Stinulation

Techni que (described by Shantha, Y.S., 1973) they were treated.



CHAPTER |V

In the present study the follow ng instruments were used:

1
2.

10.
11.
12.
13.
14.

Condensor M crophone, Bruel & Kjaer, Type 4131

Sound Pressure Level Meter with Cctave Filter Set,
Bruel & Kjaer, Type 2203

Stroboscope, Bruel & Kjaer, Type 4911

3
4. Tacho Unit, Bruel &Kjaer, Type 5527

5. A C. MIIi Volt Meter, Philips, Type GM6012/90
6.
.
8
9

A F. Analyzer, Bruel &Kjaer, Type 2107
Level Recorder, Bruel & Kjaer, Type 2305

. A F. Wtt Meter, Radart Type 930-A
. A F. Generator, Philips, Type GV 2308

Frequency Counter, |.T.1. Type 702

Beat Frequency Gscillator, Bruel & Kjaer, Type 1022
Hearing Aid Test Box, Bruel &Kjaer, Typo 4217

Tape Recorder, Bush Type

Milti Meters, Unigor Type 4P. Coerz El ectronics.

CONDENSCR M CROPHONE.  BRUEL & KJAER TYPE 4131

The B & K one inch condensor m crophones are designed for pre-

oi sion sound pressure measurements. Their range of application covers

the whole of the audible frequencies (20 Hz to 18 K Hz) and of pre-

ssure levels (15 dBto 146 dB). Their nost outstanding feature is

excellent long term stability under a great range of environnenta

conditions and especially to their insensitivity to tenparature varia-

tions.

They are, therefore, well suited for field neasurements,

though the accuracy of the calibration Hatches |aboratory standard

requirenents.
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The one inch mcrophones are of ths omidirective type, with
a relatively high sensitivity. They are designed for permanent ex-

posure outside unless special precautions are taken.

Thi s m crophone al ways used with the SPL neter was used in
the present study to neasure intensity and was al so Used in find-
i ng the speaking fundanental frequency and optimum frequency of

t he subj ects.

SOUND PRESSURE LEVEL METER BRUEL & KJAER
TYPE 2203 WH AN GCTAVE FILTER SET. BRUEL & KIJAER
TYPE 1613

The precision SPL Meter is ahighlyaccurate instrument designed

for outside use as well as for precise |aboratory neasurenents.

SPL Meters are required to measure noise at different |evels,
spectra and wavef ornms under widely varying conditions of sound source
distribution and reflections at the sound field boundaries. It con-
sists of three weighting networks, called A, B, and C and covers a fre-

guency range 20 to 20000 Hz within certain tol erances.

Type 2203 covers the range of 18 to 136 dB. Eectronically the

Instrunent consists of the followi ng nain parts:

1. Condensor M crophone and source fol | ower
2. Input aaplifier with input attenautors.
3. Wi ghting networks.

4. Qutput aaplifier with out attenuators.

5. Motor rectifier and indicating neter.

6. Power supply.

In the present study the instrument was used to find tho spoak-

i ng fundanental frequency and also in all the intensity measurenents.
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STROBOSCOPE, BRUEL AND KJAER TYPE 4911

The Mdtion anal yzer, type 4911, is designed for use in obser-
ving and neasui ng periodi ¢ mechani cal phenonena such as mechanica
resonances, vibrations, slip between machines. It is also usefu
for observing the functioning of the Iarynx and many other conpli -

cat ed nmechani sns.

TACHO UNI T. BEUEL & KJAER TYPE 5527

Wth the additional Tacho Unit, the nunber of the input pul ses,
as received fromthe stroboscope fromsone kind or triggering device,

is measured and indicated i n RPM

In four speed ranges: 0-1000, 0-3000, 0-10000, 0-30000 RPM
the spaed is sinply read on the instrument w thout the need for the

usual continuos readjustnent to follow possible variations in speed.

The Tacho Unit is connected to the Stroboscope by a cable from
the '"output f' socket, the sawtooth signal fromwhichit is in eaact

synchronismw th the input pul ses fed to the Stroboscope.

The unit nornally obtains the necessary current supply via a se-
cond cable fromthe Stroboscope. Masuring accuracy of the instru-
ment is + 2% It gives a direct reading of the fundanental frequency

of the voi ce.

In the present study, thia instrument was used to find the
speaki ng fundanental frequency of the subjects in experiments one

and t hr ee.
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BROADBAND A. C. M LLI VOLT METER. PH LIPS GM 6012/ 90

The Philips electronic voltmeter is suitable for neasurenent
of alternating voltage3 fromO.1nmV upto 300 Vin the frequency range
from2 ops to 1 Mcps.

The extensive neasuring and frequency range makes the apparatus
emnently suitable for voice in |aboratories and el ectro-technica
wor kshops.  The instrunent is indispensable for carrying out measure-

ments in the audio and ultrasonic frequency range.

The instrument is equipped with scales calibrated both in volts
and dB. For calibrating the meter, two voltages are available, viz.,
a voltago of 30 nV and a voltage of 10V. The built-in anplifier can
al so be used separately. If used as an anplifier, the anplification

factor is 30-70.

The apparatus is suitable for connection to A Cnains of 110,

125, 145, 200, 220 and 245 V. The power consunptionis 55 Watt.

In the present study this instrument was used to find the out-

put voltage of the oscillator, over the entire range.

AUDI O FREQUENCY ANALYZER. BRUEL & KJAER TYPE 2107, .

This is an AC operated AF Anal yzer of the constant percentage
bandwi dth type, It has been designed especially as a narrow band
sound and vi bration anal yzer but may be U3ed for any kind of frequenoy
anal ysis and distortion nmeasurenent within the specified frequency

range.

The anal yzer can al so be used as a linear anplifier and a

vaccumtube volt meter. In additionit is suppliedwth the weighting
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networks for sound | evel nmeasurements, A, B, D, C the character-

istics of which are recomrended in the | EC Publication.

The instrument is supplied with an output switch, by neans
of which the rectifier and the neter circuit can be switched to
measure either the peak, the arithnetic average or the true RVS
val ue of the input signal. To enable easy and accurate neter read-
ing for both high and | ow frequency signals two different standard-

i zed neter danping of characteristics can be selected.

Electronically the anal yzer consists if an input anplifier
a number of weighting networks, a selective anplifier section, and

an output anplifier.

In the present study, this instrument was used for the osci-
| 'ator frequency analysis and al so for measuring the optimmfrequ-

ency.

LEVEL RECORDS. BRUEL & KJAER TYPE 2305

This level recorder has been designed for use in accurate re-
cording of signal levels in the frequency range 2 Hz to 200000 Hz.
Typical fields of application are the recording of the frequency res-
ponse characteristics, reverbaration decay curves, noise and vibra-

tion | evel s, spectrograns and pol ar diagrans.

The operation of the recorder is based upon the Servo principle.
When the magnitude of the voltage applied to the input termnals is
changed, a current will flow through the driving coil of the witing
system thus moving the stylus, which is mechanically coupled to the
range potentiometer. By the novement of the stylus the voltage deli-
vered fromthe potentioneter to the input anplifier will be altered

until a stable conditionis regained. Inthis way it is possible to
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obtain recordings for different ranges of voltage variations by

enpl oying different ranges of potentioneters.

In the present study, the level recorder was used for neasur-
ing the optinumfrequency and also for the frequency analysis of

the oscillator

A F. METER. RADART TYPE. 930 A

Tha Radart A F, Watt Meter is an extremely useful and ver-
satile instrument for neasurements of unknown inpedance and power

levels in the audio frequency range.

The power delivered into any chosen load is neasured by a
sensitive rectifier voltmeter. Power levels in the range of 20/
uWto 10 Ware read by the meter to a fair degree of accuracy, at

very low as well as high frequencies.

The instrument essentially consists of an input, transforner
woul d on a "English Electric' strip would C core made of an m so-
tropic nagnetic alloy. It has a nunber of taps on the primry side
to enabl e various inpedances to be provided across the input termnals)
The central taps and the symmetrical taps are brought out separately
to provide facilities for balanced as well as unbal anced operation
A separate ground termnal has been provided for screening, if found

necessary.
A switchable resistive matching pad is enployed for transformng
the necessary anount of power to the neter circuit.

In the present study, this instrument was used for anal yzing

the power & frequency characteristics of the anplifier devel oped.
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A F. GENERATCR. PHI LIPS TYPE. GV 2308/ 90

This is a generator operating in the 0-16000 cps frequency
range. It conprises of two oscillators, both variable in frequency
one from85 to 100 K cps and the other from1000 to 101 K ops. The
two osoillators output voltages are mxed, the resultant output signa

frequency being variable between 0 to 16000 cps.

The generator output voltage can be derived fromeither of the

two sets of output termnals (I and I1).

The output | can be matched to various inpedances: the voltage
supplied to the | oad nay be either earthed or free fromearth. The

out put power can be varied continuously between O and 1 Watt.

Ths vol tage available on output H can be adjusted accurately to
any val ue between 0 and 25 Vwith the aid of a continuous control

attenuator and a step attenuator.

The following are the exanples of the different possibilities of

appl i cation:

1. Measuring the sensitivity and the frequency of the audio am
plifiers and | oudspeakers.

2. Measuring with great accuracy small frequency deviations and
frequency drift.

3. Measuring distortion and internodul ation in receivers, anpli-
fiers and | oudspeakers.

4. Accurate determnation of the frequency of the electrical osci-

|lators (with the aid of a onthode ray Oscilloscope).

In the present study, the generator was used to neasure the fre-

quency and power characteristics of the anplifier. A constant voltage
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of 0.1 volts, fromthis instrument was fed to the anplifier and the
output of the anplifier was in turnfed to the AF. Watt Meter and

the power output was obtained for different frequencies.

FREQUENCY COUNTER | TI TYPE 702

The digital frequency counter, is a portable instrunent designed
to make direct frequency and period neasurenents, upto a frequency

of 1 MHz.

H gh accuracy in neasurement is obtained by an internal crystal
oscillator, which would be further inproved by housing it inatem

parature controlled from

The frequency counter is conpletely transistorized to have |ow
power consunption, |ow heat generation and portability. Plugin
printed card construction is enployed for ease of servicing and main-

t enance.

Measurenents are displayed by 6mmcharacters illumnated by fila-

ment |anps arranged in a 'ladder' pattern

The controls are very sinple so that the counter can be operated

by even semskilled persons. Self check facility i s provided.

The instrument nmay be operated froma mains supply of 230 volta,

+ 50 cps A C

In the present study, the instrument waa used for the frequency
calibration and for finding out the frequency range provided. The
unknown signal was connected to the input sockets. After prelimnary

adj ustnents, the displayed readi ngs were noted down.
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BEAT FREQUENCY OS5C LLATOR BRUEL & KJAER TYPE 1022

The beat frequency Gscillator is a precision signal generator,
using solid state circuitry throughout. It covers the range 20 to
20000 Hz and i s designed for acoustical,vibrational and el ectrica

measur enent s.

The 1022 works on the heterodyne principle, using two highfre-
guency oscillators one of which operates at a fixed frequency while
the frequency of the other can be varied. The required audi o-frequency
is then obtai ned by m xing these frequencies to produce a beat fre-

quency.

The instrument contains several features that aid experinental
work. A regular stage is provided so that for instance constant sound

pressure or vibration |evel nmay be maintai ned.

The output signal can be automatically frequency nodul ated by
an internal generator to produce a warble tone for use during rever-
barati on neasurements. Aternatively the output signal can be exter-
nal Iy nodul ated to.all ow w der choi ce of nodul ati on frequency and fre-

guency devi ation

The out put attenuator has a range of 100 dBin 10 dB steps and
the output inpedance can be varied to give maxi numpower (2.5 W in

aload of 6 - 60 - 600 - or 6000 ohns.

The 1022 nay be swept continuously through its frequency range
by neans of an external notor drive. Aternately, parts of the fre-
guency range nay be bl ocked with adjustable cans to suit any particul ar
sweep program |If it is driven by the |evel recorder 2305, it can

al so be autonatically synchronized with frequency calibrated paper.
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Qutputs of 100 - 120 K Hz variable and 120 K Hz fixed frequenci es
are available for use as control frequencies for the Heterodyne Sl ave

filter 2020.

Renote control facilities are provided to start and stop the
scanning and the oscillator and for instance to lift the pen on the
Level Recorder when the oscillator is sweeping outside the frequency

range of interest.

In the present study, the Beat Frequency Oscillator was used in

finding the optinumfrequency of the subjects.

HEARI NG Al D TEST BOX. BRUEL & KJAER, TYPE 4217

This is an easily operated chanmber for reproducible testing of

all types of hearing aids in the frequency range 250 to 5000 Hz.

This consists of a mniature anechoic enclosure with a built-in
| oud speaker and a transistorized oscillator and anplified section.
Wth the Bruel and Kjaer precision SPL neter and one inch condensor

m crophone, the set up is conplete and ready for neasurements.

In the present study, the instrument was used for finding the op-
timumfrequency of the subjects. Here only the anechoic part of the
hearing aid test box was used to keep the mcrophone and the speaker
whi ch were connected to the Beat Frequency Gscillator and neasuring
anplifier and the speaker to obtain a conpressor voltage for the Beat

Frequency Gscillator.

BUSH CASSETTE TAPE RECCRDER TYPE T.P. 100

This is a conpact cassette magnetic tape recorder and this works

both on A.C. and D.C. of 6 volts. This recorder is provided wth auto-

matic gain control which provides a uniformrecording. The response
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of the tape recorder is 10 Hz to 4 KHz which galls within the speech
range. The recorder was used in the present study, by using Philips
G 90 Cassette, the sanpleswere presented to judges using the sane re-
corder for evaluation. To keep the speed constant the recorder was

operated on mains (A C. 230 Volts, 50 Hz).

MULTI METERS. UN GCR TYPE 4P. GOERZ ELECTRON CS

This is a sensitive multimeter used to measure vol tage, current
and Resistance. The sensitivity of the meter 100000 ohns/volt. In
the presentfgxgyneters of the above type were used to measure voltage
and current of the circuit. Fromthe voltage and current rating the

power drawn by the circuit was calculated using formula P=E x I.



CHAPTER V

ANALYSI S, RESULTS & DI SOUSSI ON

Studying The Inflection Patterns in Nornals:

The results of this experinment are shown in Table 5. The sub-
jects speaking fundarmental frequency was directly observed on the
Tacho Unit, as the subjects prolonged the vowel s at the begi nning
and end of the sentence. As the deflation of the Tacho Unit needl e

is not fast, it could easily be observed

The opti numfrequencies of the subjects wore alnost sanme (120-130)
The frequency range, for different subjeots, for different sentences,
were al nost sanme, except for 5 or 10 Hz differences. However, one sub-
ject on the first sentence reached a hi ghest frequency of 330 Hz, which
no ot her subject reached on the sane sentence. Al other subjeots rea-
ched a hi ghest frequency of 250 Hz on this sentence. However, the mean-
i ng conveyed by the subject, who achieved this highest frequency of
330 Hz was in no way different fromthat of other subjects. A trained

speech therapi st observed for the differences in nmeaning, if any.

Fromtable 5, it is seen that the discrepancy in frequency for
different subjects, for different sentences, apart fromthe above one,
isonly 5to 10 Hz. This may be due to the difference in their opti-
mumfrequency. Al the subjects varied the frequency fromthe |evel of
opti mumfrequency. The average drop fromthe level of optinumwas
20 to 30 Hz bel ow the optinmuml evel, whereas it increased by 100 Hz

to 205 Hz above the opti numl| evel .

Tabl e 5 shows that the | owest frequency reached was 100 Hz and
t he highest frequency was 330 Hz. So the pitch range of 50 Hz to 350

Hz provided in the present artificial larynx will be sufficient for
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the adult nmales to achieve the needed inflection and intonation pattern.

subj ect/ 2 Qpt i num
sent ence I1Mn Max M n Max M n VX f requency
1 100 330 105 200 100 190 125

2 125 240 100 190 120 180 130

3 110 220 100 180 120 160 120

4 105 250 110 190 115 170 125

5 100 240 105 175 110 170 125

TABLE 5

Showi ng t he Speaki ng Fundanental Frequency ranges of
five subjects.

EXPERI MENT - 2

Construction of A Variable Frequency Artificial Larynx:

In the present study, a sinusoidal wave which equal s the opti num

frequency of the case was selected as a sound source.

The audi o frequency oscillator used in this circuit is sinplein

it3 design and operation. The frequency was stabilised for the entire

range of frequenci es.

The variabl e frequency oscill ator devel oped here consists of a
sinple Hartley Gscillator. It is easy to make a conpact Wi nsbridge
oscillator in place of the present oscillator. However, in the present

study, the Wi nsbridge oscill ator was not used because of the foll ow ng
reasons.
1. Non availability of |ow voltage |owcurrent bul bs, which

act as negative feedback el enents, in the Winsbridge osci -

Ilator, to control the anplitude of the oscillations. For
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this purpose, a 20 mA, 2.5 volts bulb was needed, And also a
vi variable condensor of a suitable value (300 pf) was not available.
2. Tho output of the weinsbridge oscillator is low. It needs

atleast two or three stages of amplification to obtain enough
signal strength to drive the amplifier. Since one of the
design objectives here was to minimize the cost of the arti-
ficial larynx and also that it should be as miniaturised as
possible, which may not be possible using the Weinsbridge osci-
llator.

3. Since a frequency range of 1:7 ratio can be easily obtained,

an Hartley oscillator was used.

The frequency of the present oscillator is given by the Formula
f = 1/2n LC. The values R1 and R2 provide necessary forward and re-
vorso bias for the transistor. The necessary positive feedback is fed
through the condensor Cl to the base of the transistor (AC 132). The
transistor AC 132 used here is a general purpose low frequency transis-
tor used as an oscillator or as an amplifier. The necessary frequency
and harmonics were obtained by changing the negative bias (by changing
the resistance R1). The necessary inductance value is obtained from
the primary of a transformer. The necessary oapacitance was introduced
by using ceramic condensor C2 , connected across the primary of the trans-
former. The tank circuit was connected as a load in the collector. The
output of the oscillator was obtained from the secondary of tho trans-

former.

The frequency range of the oscillator was measured using a frequency
counter and it was found that the oscillator gives a frequency range of
50 Us to 350 Hz. It was found that the frequency range was stable at

fixed values, The output of the oscillator was measured with AC Milli
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volt mater md it was found that the output varies from1.9 volts
to 21 volts. The variationis only 0.2 volts over the entire range
of frequencies. And also this variation does not bring about any-

large variation in power output of the transducer.

FREQUENCY ANALYSI S O THE G50 LLATCR QUTPUT:

The oscillator output was fed to the AF Anal yzer as a direct
output and the output of the AF Analyzer was in turn fed to thel evel
Recorder and the Anal ysis was nade for the frequencies 100, 120, 130,
140, 150, 160, 170, 180, 190, 200, 225, 250, 275, 300, 325 and 350
cycles. The results of this frequenoy analysis is given in Table 6.
It was found that at each of these frequencies, the fundanental tone
and the harnonics in the frequency range of 63 to 200, 200 to 630,

630 to 2000 and 2000 to 6300 were observed:

Band/
freg-| 20-63 63-200| 200 - 630 630 - 2000 2000 - 6300
uency.
100 100 Fo| 200 Hz, 2nd| 700 Hz to 900 Hz conpo- 2K t o 4K conpo
Hz har noni ¢ nents with increasing nents w th de-
intensity and conponents| creasing in-
between 900 Hz and 1.2 K tensity
Hz with decreasing inter
sity.
120 120 Fo| 240 Hz,2nd | 700 Hz to 800 Hz conpo- | Veak conpo-
Hz Har noni ¢ nents. 1K Max. peak. nents.
1.8 K conponents.
130 130 Fo | 2nd & 3rd 4t h and 8th harnonics weak conpo-
Hz Har noni cs 1.5to 2K rich com nents.
with incr- ponent s.
easing in-
tensity.




87

Band/
frequr 20-63 63-200 200- 630 630- 2000 2000- 6300
ency.
140HZ 140 Fo 2nd & 3rd _
Har noni cs Maxi mum peak at 1150Hz
with incre-
asing in-
tensity.
mld Peak
at 630 Hz.
150Hz 150 Fo 3rd harnmonic | Harm between 1150 Hz &| 4K conponents
1300 Hz with increasing| with increasin
intensity. intensity
160H2 160 Fo 3rd harnonio | 1300 Hz to 1450 Hz harm| 3K conponents
with conpo- |with increasing inten-
nent a sity,wth conponents.
170Hz 170 Fo 2nd harnonic | Maxi mumpeak at 1400 2.6 K conpo-
wi th conpo- Hs nents.
nents
180Hz 180 Fo 2nd harnoni o | Maxi numpeak at 1500 2.1 K conpo-
wi th conpo- Hz nents.
nents.
190Hz 190 Fo No conponenta| 740 Hz, 4th Hanonic 5K conponent s
925-1000 Hz harnonics
with increasing in-
tensity.
200Hz No 3rd harmonic | 1000 to 1100 Hz harno- | Ko conponents
nics with Increasing
intensity.
2 225 Fo. 2nd Max. peak at 1150 Hz
5 har noni ¢ 700 1500 conponents. No conponenta
250 Fo. Third harnoni c max. No conponent s
250He peak at 1300 Hz P
1100 to 1500 conpo-
nents.
maxi mum peak at 1400
275Hz 275 Fo. Hy 4K conponent s
300Hz 300 Fo. 2nd naxi mum poak at 1600
Har moni c.. Hz. 2K Conponents No conponents
2nd harmoni c, 5th Har -
325Hz 325 Fo moni ¢ with nmax.inten- |No conponents
sity.
FABLE 6

Showi ng the results of the Frequency Analysis of the Gscillator Qutput.
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The intensity of the harmonica in the frequency range 2000-
6300 Hs were found to be weak conpared to the intensities in 200-
630 Hz and 630-2000 Hz ranges. The general trend of the harnonics
was decreasing with increase of frequency. The harnonic conmponents
were dear and easily distinguishable. Frequency analysis of 120,
130, 140, 170 and 180Hz showed cl ear peaks at 8th harmonic. Above

frequencies 200 Hz cl ear peaks were observed at the 5th harnonics.

TRANSDUCER CHARACTERI STI CS

The Characteristics of the Transducer for a Pure Tone:

The transducer used was connected to the Beat Frequency Osci -
| lator and a fixed frequency of 125 Hz was fed. Mbderate power was
fed until the tone was audible fromthe vibrator. This audible tone
was anal yzed using the Condensor M crophone, AF Anal yzer & Level Re-
corder. It was observed that the transducer produces harnonics upto

6 KHz of uniformintensity along with the fundanmental tone of 125 Hz

Al so the transducers acoustical output, withthe original circuit
(VE Type 5A) was anal yzed at different positions of the Pitch Control
Knob. At the mninmumposition of the pitchcontrol knob the analysis
reveal s that the harnonic conponents are weak in intensity over a
fundamental note and the intensity is falling with increase of fre-

quency.

When the pitch control knob was placed at a higher position, it
was found fromthe anal ysis that the harnonics were strong in inten-
sity upto 6 KHz and the fall of intensity with increase of frequency

is vary |ow

This transducer's acoustical output was anal yzed, using the

circuit developed in the study. The analysis was made as nentioned
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above Analysis was nmade at only two frequencies - viz, 125 Hz and
150 Hz. This selection is only arbitrary. Fromthe analysis it

was found that the fundamental was at 125 Hz and tho tone was rich

in harmoni cs and the frequency conposition upto 6 KHz. The frequency
conponents were nore at 1K, 2K, 4K and 6K. The conponents were nore
at 1K and 2K were strong. Also sinilar analysis was nade keepi ng
the frequency at 150 Hz and sinilar results were obtained as with

125 Hz.

A conparison of the analysis of the /a/ using artificial Iarynx
and natural voice was made. Table 7 gives the results of the conpa-

rison bettveen them The results of the analysis show sinmlar findings.

Fundanent al of | 125 Hz
BANDS using artificial |arynx Usi ng natural voi ce.
63 - 200 125 Hz Harnoni ¢ conponents 125 Hz Har noni cs
at 200 Hz.
200 - 630 250 Hz Harnonic 250 Hz harnonios rich com
400 Hz conponents ponents between 300 to 630
Hz with increasing inten-
sity
650 Hz Harnoni c. Max. poak Maxi mum poak at 1K
630 - 2000 at 1K 1. 4K conponents.
>000- 6300 2. 1K conponent s decr easi ng Ri ch conponents between
intensity. 5K conponents. 2.2K to 5K decreasing
intensity
TABLE 7

showing the results of tho frequency analysis of /a/ using artificial
I arynx and using natural voice.
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O8Q LLATOR | NTERRUPTOR

A mniature noi sel ess nechanical switch was provided in the
power supply circuit of the oscillator. This serves as a on/off

device for the oscillator

AVPLI FI ER AND | NTENSI TY CONTROL

The anplifier consists of two stages:
1. Asingle stage voltage anplifier using a AC 132 transistor. The
AC 132 was selected here as it is a general purpose |ow frequency
voltage anplifier. The transistor was provided with forward and
reverse biases by using suitable values of R3 and R4. Necessary
stability was obtained by using suitable ratio of R3 and R4 of 4:1.
The forward bias in the emtter circuit was provided by using R5 and
bypass capacitor C3. The transformer was used in the collector
circuit as aload. The input signal to the transistor was fed direct-

ly fromthe output of the oscillator as shown in Figure 10.

| NTENSI TY CONTROL

The input obtained fromthe secondary of the transforner of the
voltage anplifier was fed to a 5K ohns | ogarithmc potentioneter
The variable anplified signal output fromthe oscillator was fed to
the power anplifier. The potentioneter was calibrated, wth respect
to the output of the transducer. The transducer output was neasured
infree field condition keeping the SPL neter at a distance of one ft.

The results of this experinent are shown in Table 8

Al'so the transducers output, when it was held pressed agai nst
the throat was al so nmeasured at a distance of one foot. The results

of this are shown in Table 9.

Fromtable 8 it is evident that the intensity can be varied over

a 39.5 dB range in free field condition and fromTable 9 it is evident
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that the output of the artificial larynx can be varied over a 33.5

dB range i n actual use.

D stance of 1 foot

Hz . | : M ni mumi ntensity Maxi numi ntensity
50 70 dB 104 dB

100 72 dB 104 dB

150 74 dB 107 dB

200 74 dB 108 dB

250 72 dB 109 dB

300 77 dB 109.5 dB
350 73 dB 109 dB

TABLE 8 Show ng the output of the Transducer neasured at a di s-
tance of one foot in free field condition

Fr equency D stance of 1 ft.

I nHez. Mni numintensity Maxi numi ntensity.
oo 56 dB 84 dB
130 58 dB 88.5 dB
200 53 dB 88 dB

250 58 dB 88 dB
300 55 dB 86 dB
350 55 dB 84 dB

TABLE 9 - Show ng the Qutput of the transducer neasured at a di stance
of 1 ft. whenit was pressed agai nst the throat.

PONMR AMPLI H ER

The power anplifier consists of a single transistor stage, The
transl ator used was AD 149. This is a general purpose power transis-
tor used for nost of the audio anplifiers at the output stages. The

transducer was coupled directly in the collector circuit as shown
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in Figure 9.

The anplifier characteristics were measured by using AF gene-
rator and AF Watt neter. A constant output was given to the anpli-
fier and the gain control of the anplifier was kept a little above
the mddle value. Table 11 gives the relationship between frequency
and the power output of the anplifier. Gaph 1 also shows the rela-
tionship between the power output Vs Frequency curves. Fromthese
two it was found that the anplifier gives &flat frequency response
from250 Hz to 700 Hz, with alittle fall on frequencies bel ow 150

Hz and above 1K. The fall is not very steep.

PONER SUPPLY

The power consunption of the whole circuit (both oscillator
and anplifier) was nmeasured using two multi-neters, at the |evel of
the maxi numgain of the anplifier. It was calculated fromthe fornula
P=Ex . The power consunption at maxi mumintensity was found to
ba 500 mlli watts at 125 Hz. It was observed that the voltage drop

was very little after 15 mnutes of use. It wa3 found to be 0.1 volt.

Frequency in Hz. Power in MIIi Watts

50 290
100 380
150 430
200 440
250 440
300 450
350 450
400 430
450 450
500 450
550 440
600 440
650 440
700 440
1K 390
2K 380
3K 370
4K 370

TABLE 10: Showi ng the relation between frequency & power output of
the amplifier.
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An of/off switch was provided in between the battery and the
instrument which facilitates to switch off the instrument whenever

it is not in use.

EXPER MENT. 3

"Training the Normal Speakers to Achieve the Intonation Pattern
Found in Nornmal Speech or to Sinulate the Normal Speech, using
the Artificial Larynx"

Al'l the five subjects selected, learned to speak using the arti -
ficial larynx, making use of all the knobs. Al of themlearnedto
speak wel |, using this artificial larynx within 24 hours. However,
two subjects learned to talk with this instrunent within two or
three hours. The other three subjects had little difficulty using
t he frequency variation knob. Still, one subject after 24 hours of
training and practice, could not properly use the frequency variation

knob. Table 11 gives the results of this experiment:

Subj ect s/ 1 2 3

sent ence. M Max M n. Max M n Max
1 120 300 110 170 | 120 170
2 120 220 115 180 | 135 175 ,
3 125 180 120 175 | 110 150
4 110 230 125 175 | 100 150
5 140 190 130 160 | 120 140

TABLE 11 - Showing the pitch variation achieved by the subjects
using the present artificial |arynx.

Al the subjects had no difficulty in using the oscillator interruptor.

EXPER MENT 4

"Finding the Intelligibility of the Speechwith this Artificial
| arynx"

Al the judges who eval uated the recorded speech, reported that



the spacch was intelligible and good speech.
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Table 12

ratings of four judges of the speech of five subjects.

their individua

opi ni on about the subject's speech

shows t he

It al so gives

sub- 1 2 3 4
jects/
j udges
Good speech in- | Norpal speech |Very Near to | Goodspeecharti-
telligible pro-|Intelligible |normal Inte- | culationgoodin-
longed littlo Iligible Good |telligibtiyPitch
Can be easily articulation |variation very
1 hear d. Pitch varia- |much simlar to
tion very near normal Little p
to nornal . longed Nasality
obser ved.
Good speech CGood speech Fair speech Good speech
Intelligible Intelligible |Intelligible |Intelligible
Pr ol onged Little pro- CGood articul - | Good articul ati
2 Pitch vari a- | onged ation Pitch Littl e prol onge
tion not Loudness variation not
conpl etely enough. nor mal but
nor nal . very near to
nor mal .
Good speech Good speech Fai r speech In between fair
Intelligible Hghly inte- Intelligible |andnornal cate-
Pitch vari a- [ligible But CGood articu- gory Intelligib.
tion don't sone artifi- lation. Little Articul ationgood
3 worry. As cially is pr ol onged Prol onged Pitch
long as it t here. Pitch varia- |variation not
communi cat es tion not upto |upto nornal.
it is QK nor mal
Good speech Fai r Speech Intelligible |CGood speech
Intelligible Intelligible |Good articu- |Pitch variation
ati on Good not nor nal
Speech Pitch
vari ati on
QK
Intelligible Moder ate sp- Intelligible |IntelligibleGood
Most of the eech Intelli- |Cood Articu- Articul ation
ti mes Mono- gible Artifi- |lation Fair Monot onous
5 t onous. ci al speech. Speech Nono- Fai r Speech
tonyis
t here

TABLE 12 - Showing the ratings of the subjects Speechproducedwi th
this Artificia

Lar ynx
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EXPERI MENT 5

Training the Dysphonics with this Lrtificial Larynx by the
['sochronal Tone Stimulation Technique

This experinment was carried out on only one subject, because
of the non-availability of cases. This case was diagnosed by Speech
Pat hol ogi sts as a case of "high pitch' with pitch breaks'. H's
habi tual frequency was 200 Hz and his opti numwas 140 Hz. After 30
mnutes of training, the subject could achieve a fundanental of 150

Hz, with no pitch breaks.

DI SCUSSI ON

The results of the first experiment indicate that the frequency
variation achieved in normal speech is from100 Hz to 330 Hz. Since
all the subjects selectedin this study were good speakers, who were
assumed to have good intonation patterns (they had some experience
in dramas as actors, also) it can be said that the speaking funda-
mental frequency range nmay be even less than this inthe nmajority of

the normal speakers

The results of this experinment are contradictory to the findings
of Barney, et. al. (1959) who say that a pitch range of 100 to 200
Hz is sufficient to duplicate the inflection pattern used in nornal
speech. Inthis study this experinent was carried out to have an
I dea of how much of frequency variation fromthe |evel of optinum
shoul d be nade to convey the given neaning and al so how nuch of fre-
quency variation should be provided in the artificial larynx. Accor-
dingly it was decided to provide a pitch range of 50 to 350 Hz, even
I f some speakers go beyond the range of 100 to 330 Hz observed in
this experinment. The range provided here is nore than that provided

in the VWE Type 5A, which provides a range of 100 to 200 Hz.
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In the construction of the variablo frequency oscillator a
si nusoi dal wave with hi gher harnoni cs was taken as sound source,
whereas in WE 'Type 5A, short periodic pulses froma rel axation
oscillator were taken as sound source. Hero the frequency vari a-
tionis continuos but can bo controlled al so, but not so in the
case of WE Type 5A. Wth this artificial larynx, a fundamental fre-
guency can be custom sel ected for each individual to match his optinmm

with a rich supply of overtones.

The opti mumfrequency of the |aryngectonees can be found by
Nataraja's (1972) nmethod. Nataraja (1972) has found a rel ationship
between the natural frequency of the vocal tract of the good speakers
and the fundanental : frequency. He has found a relationship of 81
It is not known whether this rel ationship hol ds good with | aryngect onee's,
because of the observed difference in the vocal tract. |In spite of
this, by whatever method one can find the opti numfrequency of the
| aryngectonee' s, that opti mumfrequency could be provided with this
artificial larynx. Furthernore, giving opti numfrequencies to the
| aryngectomee's by Nataraja's nethod, will atleast be an approxi nation
60 the frequency of tho particular age group. It is better to give
atleast this (that is tho frequency of a particular age group to which

tho patient bel ongs) than giving hi msone other frequency.

This artificial larynx consists of a Hartley oscillator, the out-
put of which is sufficient to drive the anplifier, with a single stage
voltage and power anplification. In this oscillator, the frequency can
be varied by changing the resistance RL. It was found that tho out put
voltage of the oscillator varies from19 to 21 volts, which does not

bring any large variation in tho power output of the transducer and

hence frequency is stabilized over the entire frequence range and at
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particul ar val ue.

Frequency anal ysis reveals that in each of the frequencies, the
fundanental tone and the harnonics were clearly present. In nost of
the frequencies upto 180 Hz, fourth, fifth, sixth and ei ghth harnonics
were found clearly and conponents upto 5K were observed. However,
conspi quously at 200 Hz, the fundanmental tone was not observed in the
anal ysis. This may be because of some outside disturbance or sone
error in the analysis. Even though the fourth, fifth, sixty and eighth
har noni cs were found, the anplitude of tho harnonics, upto 180 Hz
was maxi numat the eighth harmonic. This is in support of Nataraja's
finding that in the eighth harnonic of the fundanental, the vocal tract
gives the maxi mumresponse in tho case of adult sales. Above 200 Hz
the anplitude of the 5th harmonic was highest and this supports the
finding of Shantha (1973) in case of females. This supports that opti-
mum frequency for any particular individual can be given with this ar-

tificial |arynx.

Further a conparison of the frequency analysis, for afixed signa
of 125 Hz, of the WE Type 5A artificial larynx and the present artifi-
cial larynx shows that tho tones produced by the present artificial
| arynx gives good harnmonics. In the case of VEE Type 5A artificia
| arynx, though it gives fundanental and conponents upto 6 KHs, the am
plitude of the conponents decrease with increase in frequency. Wth
the present larynx, it gives the fundanental and the second, fourth,
fifty and the eighth harnonics, wth tho maxi numpeak at 1000 Hz.
Conponents upto 6.KEZ were al so observed. Conponents at 1K and 2K were

stronger than ot hers.

Anal ysis of the frequency characteristics of the opti mumfre-

quency (125 Hz) of asubjectswas carried out in tw ways:



1) Wen he was using natural voice.
2) Wen the tone was resonated through the vocal tract of the

subject, fed fromthe artificial |arynx.

The analysis revealed simlar results for both and this is
in support of theresults obtained when the oscillator output fre-
quency (120 Hz) was analyzed. |In all these conditions, simlar com
ponents and harnoni cs were observed. But nost inportant is that in
all these conditions the maxi mumpeak was at 1K. Fromthis we can
say that, the sound source used here gives al nost sane frequency spe-
ctrumas that of normal voice. Further it supports Nataraja's find-
ing that the vocal tract gives maxi mumresponse at the frequency,
which is the eighth harnonic of the fundmantal. It can be ooncl uded
here that the spectrumof the transducer tone is adequate as a source
of harnonics for vowel production and that the voice of the artificia
| arynx has greater resenblance to normal voice. This also supports
the fact that the harnonics in the source spectrumof the natural voice
are strongest at the |ow frequencies dropping in anplitude toward the
hi gh frequencies and this is a further proof of the natural ness of the
tone of the present artificial larynx. However, the analysis nust be
carried out at other frequencies and al so nore extensively, before any

definite conclusion is reached.

The introduction of a mnia-ture noi sel ess, nechanical switch as
oscillator interruptor was found to be effective. By pressing this
the subject can stop the transducer at any nonent, either between words
or phrases or sentences. This avoids the unnecessary vibrating sound
produced by the transducer during the non-articulation period. This
constant background bussing noise was attributed as the factor causing

the unintellicibility of speech. As was found in experinent 4 the
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| essening of the continuos noise with this oscillator stop, helped
to increase the intelligibility of the speech. Another advantage

of this oscillator stop is power saving.

The input obtained fromthe secondary of the transformer was
fed to a 5K ohms logarithmc potentiometer. By this it was possible
to achieve anintensity variation over a range of 39.5 dB. The out-
put of the artificial larynx was measured, both when the transducer
sas kept in free field and when hel d pressed against the throat
muscles. Inthe free field the [owest intensity was 70 dB and the
hi ghest was 109.5 dB. However, when pressed against the throat, the
maxi mumoutput is only 88.5 dB and the mninmumis 55 dB. Still, the
patient can vary from55 dBto 88.5 dB, over a range of 33.5 dB when
in actual use. It was also observed that the newartificial |arynx
Is able to transmt sufficient power into the pharynx throughout
the frequency spectrumto permt satisfactory devel opnent of the
hi gh anplitude regions of the vowel sounds. It has been indicated
that the harnmonics in the source spectrumof the natural voice are
strongest at the |ow frequencies dropping in anplitude toward the

hi gh frequencies.

Thi's maxi mumout put of 88.5 dB provided in the present artificia
| arynx, when pressed against the throat, is nmore than the peak inten-
sity values of normals. Hyman (1950) reports the peak intensity val ues
for normals as 79 dB. This is one advantage over the VE Type 5A

artificial larynx, where the intensity is constant at 75 dB.

Fromthe analysis of the anplifier characteristics it is evident
that the anplifier given a flat frequency response from250 to 700 Hz.
Fromthis it is clear that whatever the harnonics the transducer and

the oscillator are giving is not because of the anplifier distortion.
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POWER SUPPLY

The instrument works on 9 volts D.C. Fromthe analysis of the
power consunption of the instrunent, it was observed that the current
drain through the whole cirouit at the maxi numintensity was 200
mlli-anmperes. Wen conpared to the WE Type 5A this figure is very
high (22 nmlli-anpere in the case of VE Type 5A). It was al so ob-
served that the voltage was constant for a continuos operation of
15m nutes. After 15 minutes tha drop in voltage was only 0.1 volts,
whi ch was found to be ineffective to produce any changes either in
the oscillator circuit or in the anplifier, in terns of power output
or quality. The battery was sufficient to drive the circuit for its

nornal operation for |long duration

Furt hernmore the consunption of the power by the circuit is | ess-

encd by the oscillator interruptor.

TRANSDUCER

As said earlier, in the present study the transducer of the

WE TypE 5A artificial |arynx was used because of the foll ow ng reasons:

1) It was readily avail abl e.

2) The constructors of this transducer have taken into conside-
ration the inpedance of the throat nuscles and the tissues.
This is inportant because the nechani cal inpedance of the
throat nuscles is 4000 tinmes nore than that of air and hence
there will be a difference in the performance of the transducer
when pressed against the throat. Barney, et. al., (1959) have
nmade a nunber of nodifications in the HA 1 receiver. in order

to give a greater anplitude of vibration into the circuit.
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This transducer handl es a power of 400 mlli watts and it
al so matches the inpedance of the anplifier developed. As Barney,
et. al. (1959) have found that the introduction of the tone the
pharyngeal cavity gives good speech, in this study alsoit waa fo-

|| owed.

The whole circuit was mounted on a 5" x 1% printed circuit
board. For sinplicity of operation a rectangular type of tube was
used to house the artificial larynx. Qutside this cyllinder (tube),
alittle bel owthe transducer, the on/off switch was provided. Bel ow
thin switch the frequency variation knob was provided, so that the
patients can easily operate it with their thunb. On the other side,
the intensity variation knob was provided, so as to enable the patient
to operate it with his forefinger. Belowthis the oscillator inte-
rruptor was given. The patients can operate it with their little
finger. The frequency variation knob was calibrated using frequency
counter and the intensity variation knob was calibrated based on the
transducers output in the free field. On the intensity variation knob

5 markings were made from0 to 5 for convenience.

Most of the subjects selected for experinent three could be easily
trained to use the present artificial larynx. Two of themneeded 24
hours of training. Two of themcould very well use this artificia
larynx with only 3 hours of training and practice. However, one sub-
ject, even after 24 h urs of practice would not effectively use the
frequency variation knob. And those two subjects who had 24 hours of
training, in the beginning had some problens with the proper manipu-

lation of the frequency variation knob, that is in achieving the nornal

inflection patterns of Speech. For all these subjects, the tacho

unit waa provided as a visual clue to achieve the frequency they had
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earlicr achieved while speaking. It is also possible that they m ght
have used audition as one nore clue. However, no particular reason

is known and can be for the failure of one subject to achieve this
Furthernmore the results of the experinent 4 were essentially in agree-
nent with the results obtained fromthis experinent. Fromthe results
of this experinent it is evident that the subjects can be trained to

efficiently use this artificial |arynx.

Al'l the judges who eval uated the recorded speech sanples of the
subj ects reported that the speech was intelligible. The twojudges
(trai ned Speech Pat hol ogi sts) reported of good articulation. Accord-
ing to their ratings, subjects 1 and 3 are best speakers, subjects
2 and 4 are good speakers, and subject 5 will come under fair category.
Even this subject's speech was intelligible with good articul ation,
but the main problemwas with frequency variation. The subjects one
and three coul d achi eve frequency variati on which was very near to
normal. This is further supported fromthe results of the experinent

3. Those subjects who achi eved good frequency variation i n experi nent

3 were rated as good speakers by all the four judges here al so and

al so the subject 5 who was rated as having 'fair' speech. Fromthis
not
it can be saidthat bias of thejudgesis / _invol ved.

Here the speech of all the subjects was udged to be highly inte-
Iligible. This supports Hyman's (1955) finding that artificial |arynx
speech is always noro intelligible than esophageal speech and it was
al ways preferred to esophageal speech. Barney, et. al. (1959) also
say that speech of the artificial larynx will always be intelligible
and the reason they give is that it mght due to either,one) due to
the frequency structure of the tone, or 2) duo to the introduction of

the vibratory tone to the pharyngeal area. Howver, in all these
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studi es, the speech was consi deredto be nonot onous and tho const ant
buzzing was an irritating factor. In tho present study the observed
good intelligibility of the speech may be because of either of the

following factors or a conbi nation of them

1) Frequency conposition of tho tone of the transducer and the

oscillator, was very slowsinilar to tho normal voioe as has been
i ndi cat ed.

2) Al the subjects were using their opti numfrequency and
made variations fromthis |evel

3) All the subjects varied the frequency in a manner approxi -
mately sinilar to the variations in normal speech.

4) Al of themhad good articul ati on.

5) Al of themeffectively used the oscillator interrupton,
so that the constant background buzzi ng was m ni m zed.

6) The artificial larynx had sufficient output intensity.

7) Al of themdid prolong the speech a little.

Al of the judges reported of prolongation of speech. Al of
themdid prolong the vowels a little, but it was not so conspi quos.
Per haps the frequent use of the oscillator interruptor m ght have added
tothis. It is alsointeresting to find that one judge (trained speech
pat hol ogi st) observed nasality in the speech of one of the subjects,

who was actually the best speaker in that group.

Fromthe results of the experinent 5 it was found that the dy-
sphoni cs can be treated using this artificial |arynx. However, this
was not tried on nmany patients. Since the frequency can be changed
from50 Hz to 350 Hz, this artificial larynx can be used with all high

and | ow pitched voice cases. It can also be used with all dysphonics

ii our aimis to give the opti numfrequency, since it is hygienic to

our vocal mechanism it can be conveniently used as a substitute to
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the Beat Frequency Oscillator, to treat the dysphonics by the

| sochronal Tone Stimulation Technique.

Al the design objectives, which were plannedin the beginning,
coul d be achieved in this study. A variable frequency oscillator
coul d be constructed and with this avariation of 50 Hz to 350 Hz
was obtained. The patients can be given the provision for changing

the output intensity.

*******



CHAPTER VI

SUMWARY, CONCLUSI ONS & RECOMVENDATI ONS

The present study was concerned with the devel opment of a vari-
able frequency artificial larynx. The presently available artificial
| arynges have many di sadvantages. Mst inportant of themis that the
provi sion given for varying the frequency in these devices is too |ini-
ted and that the pitch range provided is too snall. O all the pre-
sently available artificial |arynges, WE Type 5A is considered tobe
the best aid, and even this best aid is not excluded fromthe above
sai d di sadvantages. Hence the devel opnent of a variable frequency ar-

tificial larynx was considered essential and was undert aken.

It was also planned to bring about the follow ng nodifications:

1) To provide the provision for giving the opti mumfrequency of
the subjects. @Qving this opti mumfrequency is essential,
as the vocal tract gives the nmaxi mumresponse at this |eve
and it is hygienic to the vocal nmechanism It results in good
speech.

2) Providing the facility for changing the output of the artifi-
cial larynx.

3) The cost of the artificial [arynx should al so be m ninized

to the extent possible.

In order to bring about these nodifications, the follow ng design

obj ectives were held in the beginning:

1) output speech quality and pitch inflection |like that of norna
speech.
2) Qutput space : volune of the artificial |arynx should be equal

to that of the normal speaker



3)

4)

5)

6)

To
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They shoul d be inexpensive and shoul d have a | ow operati ng
cost. This is particularly inportant in India.
The devi ce shoul d be inconspi cuous and hygi eni c.
It should be reliable with sinple, trouble-free operation
The device should be as free as possi bl e of nechani cal
difficulties necessitating service and repairs.

achieve the first objective, the foll ow ng nodifications

wer e br ought about :

1)

2)

3)

4)

The pitch range provided was greater in this artificia
larynx. This range will be sufficient to duplicate the

pitch inflections used in normal speech (Results of the

first experiment support this). The pitch range provided

was 50 Hz to 350 Hz.

Possibility of selecting a suitable fundanental, w th needed
supply of overtones, for each individual to natch his opti num
frequency. This was easily achi eved as the frequency vari a-
tionis continuous from50 Hz to 350 Hz, any value over this
rnnge can be sel ect ed.

Providing the provision for frequency changing and that it
shoul d be conti nuous, but can be controlled also. For this
purpose a variable frequency oscillator was constructed using
a sinple Hartley oscillator. Frequency variation was got in
this circuit by varying the negative bias, that is by varying
the resistance Rl, as shown in Figure 10.

The frequency spectrumof the output of the artificia

larynx should be sinlar to that of the normal voice. Analysis
of the nornal voice and the output of the artificial |arynx,
for a particul ar frequency shows that they are very sinilar.

Frequency analysis of the artificial |arynx output shows that
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upto 180 Hz, it gives nmaxi mum peak at the 8th harnonic

and above 200 Hz, it gives nmaxi numpeak at the 5th harnonic.
5) Providing an oscillator interruptor. By this the patient

can stop the oscillator working, either between words or

phrases or sontences. By this the speech was found to be

extrenmely intelligible as it mnimzed the constant buzzing

noise and it al so served the purpose of saving the power.

To achi eve the second objective, an anplifier, with a single
stage voltage anplification and a single stage power anplification
was built. The input obtained fromthe secondary of the transforner
of the voltage anplifier waa fed to 5K ohns logarithmc potentioneter
(R6) which gives linear raise and decrease in intensity. 1In the free
field the intensity can bo varied from70 dB to 109.5 dB, over a 39.5
dB range and when pressed against the throat a variation from55 dB
to 88. 5 dB, over arange of 33.5 dB. The peak intensity of 88.5 dB
got when the transducer was pressed against the throat, is nore than
that of normals. It has been clearly shown that whatever the harnonics
the oscillator and the transducer are producing, is not because of the
anplifier distortion, as it gives a flat frequency response to all the

frequenci es.

To achi eve the third objective, the manufacturing cost of the in-
strunent was kept at mnimum This was nade possible by the use of

a comrercially available transistors and other conponent parts.

The fourth, Fifth and sixth objectives were also achieved with

this artificial |arynx.

The study was al so concerned w th studying of the speech produced

by normal s and | aryngectonees, using this artificial larynx. Use of
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this artificial larynx in Baking the dysphonics to achieve their

opti mumfrequency by Isochronal Tone Stirmulation Techni que was al so
a part of the study. Laryngectonees could not be studied, as the
oases were not available. The study was carried out on only one
dysphoni ¢ (who was di agnosed as hi gh pitched case with pitch breaks),

by using the Isochronal Tone Stimulation Technique.

The speech intelligibility with this artificial |arynx was found
with normals and it was found that speech was extrenely intelligible
( as reported by judges). Al of the subjects had. good articul ati on.
They all could effectively use the oscillator interruptor, which was
one of the inportant factors in the high intelligibility of the speech.
(One subject had difficulty in using the frequency variation knob,
while others had no such difficulty. Subjects can be easily trained

to use this artificial |arynx.

CONCLUSI ONS

1. Afrequency range of 50 Hz to 350 Hz was provided in the
artificial larynx.

2. The above variation in frequency of 50 Hz to 350 Hz i s con-
tinuous but it can also be controlled.

3. Wth this range of 50 Hz to 350 Hz, a suitable fundament al
for each individual, with a rich supply of overtones to
match his optimum can be sel ected instantaneously and nake
variations in speech fromthis | evel.

4. Frequency spectrumof the artificial larynx voice was al nost
conpletely simlar to that of the normal voice.

5. The oscillator interruptor was very useful in increasing

the intelligibility of the speech.
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. The artificial larynx gives an output of 70 to 109.5 dBin
the free-field and 55 to 88.5 dB when pressed against the

throat. The peak intensity levels were more than that of

nor mal s.

The patient3 can easily be trained to use this artificia

l'arynx. Achieving frequency variation may be little difficult

The manufacturing cost of this artificial larynxis far bel ow

than that of presently available artificial |arynges.

The equi pment used in the Isochronal Tone Stinulation Tech-

nique has been sinplified here.

RECOVVENDATI ONS

Mniaturization of this artificial |arynx canbe taken up.

This artificial larynx can be made to work on 1.5 volts D.C.,

by providing one or two stages of anplification.

The performance of this artificial larynx can be tested on

| aryngect onees.

Treating the dysphonics, using this artificial larynx, on
a large sanple, by the Isochronal Tone Stinulation Technique

I's nmost desirable.

Spectrographic analysis of thetone of this artificial |arynx

can be carried out.

. A study of the inflection pattern of speech in normals wll
ba useful in training the | aryngectonees to achieve good

speech, using this artificial |arynx.

Transducers of |ow cost (available in India) nust be tried
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as mechanical vibrators in this artificial larynx. In

this respect, the scooter horns seemto be nost prom sing.

An attenpt oan be made to mnimze the powor oonaunption

of this artificial larynx.

Attenpt nust be nade to achieve the same frequency conpo-

nents found in normal speech, inthe artificial larynx also.

0000000



Bl BLI OGHAH Y

Anderson, J.C "Bibliography on Esophageal Speech" Journal of Speech
& Hearing Disorders, 19, 1954, P 70-72

Arnold, GE ; "Aleviation of Al arvngeal Aphonia with, the nodern arti -

ficial larynx: 1. Evolution of artificial aids, and their val ues.
for speech rehabilitation" Logos 3(2), 1960, P 55-67
DSl | Abstracts, 1, 1961, P449

Arslam M& Sefarin, |: "Restoration of Laryngeal, Functions after

total laryngectogy: Report on the first 25 cases"

Laryngoscope, 82, 1972, P 1349-1359

Arslaa, M& Rossi, M "H ectroacoustic, and Spectrographi cal Anal ysis

of the voice of the larynx" Acta Qol eryngol ogica, 73, 1972,
P 230-235

Arslam M "Reconstructive Laryngectony" The annals of Qology, Rhin, Lary
81, 1972, P 479-483.

Bangs, T.L., Lierle, QM, and Strother, CR, "Speech After Laryngectony"
Journal of Speech & Hearing D sorders, 11, 1946, P 171

Barney, HL; and HIl HNT., "Adiscussion of some technical aspects

of speech aids for post |aryngectom sed patients" Annals of
Qol, Rhino., Laryngol., 67, 1958, P 558-570

Barney, H L., Haworth, E E. & H K Dunn; "An experinental transistorized
Artificial Larynx Bell systemTechnical Journal, 38, 1959,

P 1337
Barney, H L. "The new WE No 5 Typo Artificial Larynx" Logos 3(2)
1960, p, 68-72
Beck, J.: "Esophageal speech as substitute in Laryngectom zed pati ents"

Rev. Laryngol, Bonb, 77, 1956, P 228-239. Abstract in Journal
of Speech a Hearing D sorders, 22, 1957, P409

Berlin, C L. "dinical Masurenent of Esophageal Speech: |.Methodol ogy

and Qurve of skil acquisition"Journal of Speech & Hearing
D sorders, 28, 1963, P 42-51

Berlin,CI. "Qinical Masurenent cf Esophageal Speech:|Il. Perfor-
f ormances of non-bi ased groups" Journal of Speech & Hearing
D sorders, 30, 1965, P 174-183.



Deny, HF., and Bisensar, J. "Speech Disorders" Principles and
practices of therapy. Peter Onen Ltd., London 1956.

Bird HM "The Speaking Al d" Lancet 1, 1965, P 813-814-

Boone, 0. "The voice & Voi ce Therapy" Printice Hall, Inc., Englewod
Adiffs, NewlJersy, 1971

Canpbell, WG "Forns and Styles on thesis witing" H M Co., Boston
1933.

Curry, E T. and Snidecor, J.C "Physical Masurenment & Pitch perception
in Eso hageal Speech" Laryngoscope, 71, 1961, P 3-11
as in "Speech rehabilitation of tho Laryngectom zed" by
Sni decor, 1968.

Curry, E. T., "Acoustical neasurenent & Pitch Perception in al aryngeal
Speech P.98-107, as in 'Speech Rehabilitation of the Laryngectoni zed"
by Sni decor, 1968.

Danste, P.H, Van Den Berg; and Mol enaar, Bijl; "Wy are sone patients
unabl e to | earn esophageal speech” Annals of ol. Rhino., Laryngol,
1965, 1956, P 998

De Beule & Danste, P.H "Rehabilitation follow ng |aryngectony - The
results of a questionnaire study" British Journal of Disorders
of communi cation, 17, 1972, No.2

Diedrich, Y.'.M, and Youngstorm K., "A aryngeal Speech" Springfield,
Thomas, 1966.

Hickson, L.I., "The basic factors in tho human voi ce" Psychol ogi cal
Monogr aphs, University of Iowa Studies is Psychol ogy, 10, 1926,
P. 82-112.

Fai rbanks, G "Woice & Articulation Drill Book" 1l Edition, Harper
& Row, Publishers, New York, 1949.

Fi nkbeiner, E R, "Surgery A Speech, the Pseudoglottis, and respiration
in total standard laryngectony P. 58-85 as in Speech rehabili -
tation of the laryngectom zed" by Snidecor, 1968.

Fi shor, H. B., "lInproving voiced and articul ati on", Houghton, Mfflin
Company, Boston New York, 1966

Gardner, WH. & Harris, HE "A ds and Devices for |aryngecctonee' s"
Archi eves of ol aryngol ogy, 73, 1961, P 145-152,



Gaym GW Wse, M, "The bases of Speech" Haper & Row
Publ i shers,, London 59

Geene, MC L., "Voice & Its disoiders" Pitman Medical Publishing
Conpany, London, 1968.

Haworth, WE., "An Hectronic Artificial Larynx" Bell Laboratory
Records, 38, 1960, 362-368.

Mayes & Martin: "Rehabilitation of the Laryngectonee" Cancer,
16, 1963, P 823-841 Reprint.

Hremath, R D., "The structure of Kannada" Karnataka University
Publ i shi ng, Dharwar, 1962.

Hntan: "An experinmental study of artificial Larynx and Esophageal

Speech" Journal of Speech & Hearing Disorders, 20, 1955,
P 291.

Johanson, L.A & Jounigas RP. "Basic Hectronics" D B. Tarapourevale
Sons & Conpany Ltd., Bonbay, |ndia 1970

Laudor, E. "The role of the Laryngectonee in the Post Laryngectony

Voi ce instruction"” Journal of Speech & Hearing D sorders,

30, 1965, P 145-159

Lauder, E. "The Laryngectonee and the Acrtificial Larynx" Journal
of Speech & Hearing Disorders, 33, 1968, P 147

Lauder, E. "A Laryngectonee's viewpoint on tho intelligibility of

esophageal speech" Journal of Speech & Hearing D sorders
34, 1969, P 355

Lauder, E. "The Laryngectonee and the artificial |larynx" —A second
Look" Journal of speech & Hearing D sorders, 33, 1970, P62

Hpi dot: "Reconstruction of the larynx follow ng total |aryngectony"
Archi eves of Qolaryngol ogy 87, 1965, P 38

Lachsi nger & Arnold, G E. "Voi ce- Speech-Language clinical communi col ogy
Its physiology & Pathol ogy Constable & Co. Ltd., 1965

Mal nberg, B. Manual. of Phonetics" Editor North liolland V. Publishing Co
London, 1970

Mecrowsky, A.L. &Milligan, M "Tho relative intelligibility of esophageal

speech & artificial larynx speech" Journal of Speech & Hearing
D sorders P 20, 1963, P 37-42



Mthal, K G "Applied E ectronics " Khanna Publishers, New Del hi 1969

Mool enaar-Bijl, "The inportance of certain consonants i s esophogeal

voi ce after laryngectony Annala of ol, Rhin., Laryngol., 62
1956, P 979

Nataraj, N. P. "An objective way of |ocating opti numpitch"
Masters Thesis, 1972 (Msore)

Nataraj, N P &Jayaram M "dassification of voice di sorders?"

Accepted for publication in the Journal of AIl India Institute
of Speech & Hearing, 1974.
Nessel, E. "Artificial Larynx" HNO 11.1.1963, P 249-253. DSH Abstracts

4, 1964, P80
Ni chols, A L. "Loudness & Quality i n Esophageal Speech & Artifi ci al

Larynx" P 107-127, as in "Speech Rehabilitation of the
Laryngect om zed" by Sni decor, 1968

Qgura, J.H &Harvey, J.H et al. "Further Experinental Cbservation

of transplantation of canine |arynx" Laryngoscope 80, 1970,
P 1231- 1243

Parnell, F.W, "Conplications of the radical neck di ssection"
Archi eves of Qtolaryngol ogy 88, 1968, P 180-184

Perkins, WH. "The chall enge of functional voice disorders” in "handbook
of Speech Pat hol ogy" edited by L.E Trans. Appleton Century Crafts,
Inc., 1957

Perkins. WH., "Speech Pathol ogy" An applied behavi oral Sci ence"
The C V. Mexby Conpany, St. Louis, 1971

Peterson, G E. "Speech & Hearing Research" Journal of Speech & Hearing
Research 1, 1958, P.

Pichler, HJ. "Oh anewAnatomically controlled el ectronic , Speech

Apparatus for |aryngectonees" Acta-Qolaryngol ogi ca, 53, 1961,
P 374-380
DSH Abstracts, 2, 1962, P74

Putney, J. "Rehabilitation of the post |aryngeoton zed patient" Annals
of Gol., Rehin., Laryngol, 67, 1959, P 544-549

Biesz, RR "Description & Denonstration of an Artificial Larynx"
Journal of the Acoustical Society of Arerica, 1, 1930, P 273-280

Robbert, WF. "Qolaryngoloy - Vol I1" Editor Saint Lewis, The C V.
Mosby Conpany, 1569




Rolling.J. "A Conparative study of vowel formants of Esophageal
and Normal speaking adults" Doctoral Dissertation, \Whayne
State University, 1962

Saku, Y., "Statistical Cbservation & Frequency Analysis Studies
of Artificial Larynges (Tapanese Text) Ool, Fucok, 5, 1959
P 1ClL to 116, DSH Abstract, 1, 1960, P 80

Schonaural, E. "Conparaative Sonagraphi ¢ Analysis (vocal) Using
the Artificial Larynx" Journal of Laryngol, Rhin, Qol.,
41, 1962, p 845-847

Shanes, Font & Mathwes, "Factors relatedto Speech Proficiency of the
Laryngect om zed" Journal of Speech & Hearing Disorders, 28
1963, P 273-281.

Shantha, Y.A "Establishing & validating Isochronal Tone stimulation
Technique" Master's thesis Msore 1973.

Shipp, T. Frequency,, Duration & Perceptional neasures in relation
to judgements of alaryngeal speech acceptability" Journal
of Speech & Hearing Research, 10, 1967, P 417-427

Silver, C.E, Liebert P.S. & Sam M C. "Autol ogous Transplantation
of the Eanine Larynx" Archieves of Qtolaryngol ogy, 86, 1967.
P 121-128

Simmons, "A conparative study of methods, of, teaching Post Laryngectony
Speech" British Journal of D sorders of Communication 6,1971, P 58

Snidecor et. al. "Speech Rehabilitation of the Laryngectom zed",
Charlea C. Thomas Publishers, Springfield, Illinois, USA Ilnd
Edition, 1968

Summrers, T., "The use of electrolarynx in patients wth tenporary.
t eacheost om es" Journal of Speech & Hearing Disorders, 33, 1973.
P 335-339

Tait, V. and Tait A v. "Speech Rehabilitationwith the oral vibrator"
Speech Pat hol ogi cal Thermal, London, 2(2), 1959, P 64-69, DSH
Abstract 1, 1961, P 180

Watson J.A and filler J.K "Transistor Grcuit Design" MGawH Il
Book Conpany Inc., New York, 1963.

Terman, F.E "Hectrpnics and Radi o Engi neering"

Van Riper & Irwin, "Voice and Articulation" London, Pitman Medical
Publ i shing Co. Ltd. ,"1968.




Vatson & Greene: "A Speech aid for the Laryngectony, Patient" British
Journal of Disorders of Communication, 3, 1%, P 111-114

Wagel M and Resz RR "Masurenents of the Constants of a single
Read Wnd vibrator" Journal of Acoustical Society of Anerica,
1, 1930, P171.

Vi enberg 3 and Rickenna, A. "Speech.,produced with the Tokyo Artificial
Larynx" journal of Speech & Hearing Disorders, 38, 1973, P 385-390

West R, Ansberry & Karr, A "Rehabilitation of speech" Harper & Row
Publ i shers, New York, Evanston, 1957

Wnckle, F. "Acoustical Foundations of Phonetics", in "Minual of
Phonetics" ed. by Ml nbery North Hol | and Publishing Coy., London,
1970.

VWl bert, CH and Smth J.F. "Fundanental a of Speech" Harper & Row
Publ i shers, PNC, New York, 1934.

Wrk WP. et. al. "Larynx Replentation in the Dog" Archieves of
(ol aryngol ogy 32, 1963, P 401"403.

*kkkkkkkkk*x



