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INTRODUCTION



| NTRODUCTI ON

"The ear is the organ of |anguage | earning"

- Aristotle

Norrmal hearing is vital for the developnent of
speech and |anguage skills from our birth. Hence the
effects of hearing loss is profound both in adults and in
children. Hearing loss can be differentiated depending on
the pathology and degree of |loss. Depending on t he
pat hol ogy it can be divided into conductive hearing |oss,
sensori-neural hearing |oss, mxed hearing loss and centra
| oss. Depending on the degree it <can be classified as
mld, noderate, noderately severe, severe and profound

heari ng | oss.

The nost outstanding problem arising out of a
hearing loss is the breakdown in conmuni cati on, and
hel ping the hearing inpaired individual overcone this
problemis the task of aural rehabilitation clinicians.
One of the major steps in rehabilitation of the hard-of-
hearing is the fitting of an appropriate anplification
device. The purpose of anplification is to utilise the
individual's residual hearing to t he ful | est ext ent
possi ble and the hearing aid is the major avenue for this

pur pose.



A hearing aid may be described as "any instrunment

that brings sound nore effectiveliy to the listener's
ear. It may sinmply collect nore sound energy from the
air, it may prevent the scattering of sound during

transm ssion or it may provide additional energy wusually
fromthe battery of an electrical anplifier" (Silverman,
Tayl or and Davis, 1960). The hearing aid is of utnost
inmportance to mnimse if not conpl etely el i m nat e/

overcone the problens of a hard-of-hearing individual.

Fromthe time it was developed the hearing aid
has undergone nunerous nmodi fi cati ons. Thi s IS wel |
evident fromthe fact that hearing aid has changed from
| arge horn-shaped ones to mniaturised ones. The earliest
attenpts of nmen to overcone their hearing problem was to
"cup their ears". This paved the way for the nechanical
hearing aids, followed by electrical hearing aids and
finally the present day electronic hearing aids 1in the

1950s.

The contenporary electronic heari ng ai ds are
private, portable public address systens. Its basi c
operation is a three-step process. First the sound waves
(acoustic energy) are t ransduced into correspondi ng
el ectrical waveforms (electrical energy) by the hearing

aid mcrophone. Second, these electrical wavefornms are



anplified by the electronic circuit of the hearing aid
through the wutilisation of additional electrical energy
provided by a battery. Third, the anplified electrica
waveforns are transduced back to sound  waves, nor e
i ntense than those inpinging upon the mc, by the hearing

aid earphone and delivered to the wearer's ear.

There are di fferent types of heari ng ai ds
classified on the basis of placenent like body-worn
hearing aids, behind the ear, in the ear, spectacle and
in the <canal hearing aids. These represent increasing

| evel s of sophistication. Again the body I|evel hearing
aids could be AC hearing aids (output being a receiver)
or BC hearing aids (output being a vibrator). Yet another
type is the inplantable hearing aids or the ccchlear

i mpl ant s.

The hearing aid is coupled to the ear by neans cf
the ear nold. The ear nold also provides an acoustic seal
to mnimse the possibility of feedback. There are three
basic styles/types of ear nolds. The standard nold, open
nol d and skel eton nold. Through proper ear nold selection
and nodification a variety of acoustic effects can be
achieved. Thus ear nolds are in integral determ nant of

t he hearing aids acoustic output.



The selection of the type of hearing aid would
depend on a nunber of auditory factors and non-auditory
factors. Auditory factors would be gain requi renment,
auditory discrimnation ability and dynamc range and
non-auditory factors |ike age, fi nance, psychol ogi ca
acceptance of the hearing aid by the patient, etc. An
i ndi vidual who wears a hearing-aid of the present day design
reaps the benefits which have accumul ated through vyears of
research, devel opnent, trial and error, and the steady
devel opnent of the electronic art. These benefits include
acoustical tonal fidelity, high power, reduction in physica
size, wearing confort as wel | as virtually tota

conceal nent .

This project is a question bank which deals wth
vari ous aspects of hearing aids such as the genesis and
nmet anor phosis of hearing aids, the different conponents
constituting a hearing aid, types of heari ng ai ds,
el ectro-acoustic measurenent of hearing aid perfornmance,
el ectronic and acoustic nodifications of hearing aids,
ear molds, hearing aid selection, fitting, use and

benefit.
OBJECTI VES OF THE PRQIECT

> The major objective of wundertaking this project
is to get collective information about different aspects

of hearing aids.



> To serve as a guide for trainers and exam ners.

> To nonitor students' knowl edge in understanding

t he subject.

> To evaluate trainees after training programre.

> Another utility is to serve as a reference for

exam ner and interviews purposes.



HISTORY AND DEVELOPMENT
OF HEARING AIDS
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| in the bl anks

Many authors consider this as the first hearing 'aid

The first comercial hearing aid was devised by

in the year

The earliest of the nechanical hearing aids were the

or

was nade by F.C Rein for Kong Coa of

9.

10.

11.

12.

13.

Portugal — SATOO UC NECRHT ( ANAGRAMV)

"Deaf aids" refer to

The earliest bone conduction hearing aids \were

or

Hearing fan was invented by and was

known as

In the 1800s this was used with people who had

col l apsed external auditory cana

The akoul al I 1 on was nmodi fi ed to t he smal | er

The nechani cal hearing aids served upto

degree of hearing | osses.
The nechanical hearing aids is another nane for

heari ng ai ds.

Carbon hearing is another nane for

heari ng ai ds.

Carbon hearing aids consisted of

and




14. The BC electric hearing aids were first made in the

year

15. The first hearing aid with a directional mc was

i nvented by in the year

.16. The m crophone nost popularly in use now wth hearing

aids all over the world is the m crophone.

17. The first eyeglass hearing aids were manufactured in the

year

18. The first hearing aid wth integrated circuit was

made by in the vyear and
was used with a type of hearing aid.
19. The transistor was invented by . and
in the year

20. The pentode vacuum tube hearing aids were perfected

in the year and it had the advantages of

, and

Answer in a few sentences

1. Mention sone of the disadvantages of the hearing aids
whi ch used a tri ode.

2. VWhat was the disadvantage of carbon hearing aids that
were overcone by vacuumtube hearing aids ?

3. Gve a few disadvantages of the pre-electric hearing
ai ds.

4. Mention a few advantages of the transistor hearing

ai ds over vacuum tube aids.
Nane two maj or drawbacks of carbon hearing aids.

o o

Nane some of the kinds of mcrophones that have been



10.

No o0 &~ W

8.

used with hearing aids.

Wy are the electret m cr ophones preferred over
conventional condensor m crophones ?
What is the inportant feature of a directional
m cr ophone ?
A@ve one advantage and one disadvantage each of
(a) magnetic, (b) ceramc and (c) condensor m crophones
This was nade by
V G ovanni  Pal adi ni .
AS ' Nane it what is it ?
Howis it placed
o
Mat ch the foll ow ng
F.C Rein, 1800 a. First electric
hearing aid
G ovanni Pal adi ne b. First directional
hearing aid
R chard Rhodes c. Acoustic throne
Dr. Ferdinant Alt, 1900 d. Described CRCS
Hut chi son, 1899 e. Fonifer-
Ear| C. Hanson, 1921 f. Akoulallion
WIlico, 1969 g. First vacuum t ube
hearing aid
wul [ stein and Wigand, 198'2 ,?\léﬂiss)hone (hearing
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Mat ch the fol |l ow ng

Tri ode vacuum tube i nvented.

First volune control for
an electric hearing aid

First electric bone
conduction receiver

First custom ear noul ds

First electric eyegl ass
hearing aid

First AGC in a hearing aid.

First hearing aid with a
tel ecoi |

First wearabl e vacuum tube
hearing aid

First electronic 'Mster
hearing aid

First hearing aid with Ic

1931
1926

1936

1912
1906

1923
1947

1936

1964

1937
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1. Most of the contenporary hearing aids are of this type. (6)

2. Quasi-digital hearing aids is a synonymm for this hearing
aid. (12)
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3. Heinvented the first directional hearing aid. (7)

4. H L and N are the settings of this inportant control on
a hearing aid. (4)

5. One of the types of ear level hearing aids. (9)

6. The output transducer of a hearing is a
(8)

7. Bone anchored aid uses this netal inplant under skin over
t he

8. OIE s are al so known as. (3)

9. Peri-neatal hearing aid is a variety of this hearing
aid. (3)

10. One of the disadvantages of body level aids due to mc

pl acenent. (10)
Down
1. This was nmade by F.C Rein for the King Gba of Portuga
--> ST UC NECRHT (Anagram) (14)
2. This kind of ITC hearing aids has all their electronics
entirely within the EAMand termnate close to tynpanic
menbr ane. (15)
11. This was a nodified snaller version of akoulallion. (9)
12. These transducers in hearing aids converts the acoustic
energy into a weak anal ogous electric current. (4)

13. These hearing aids can serve upto profound hearing
| osses. (4,5)

15. These m crophones are nost commonly used contenporary

hearing aids. (8)



16.
17.
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This is,, the nost commonly used type of customI|TE. (10)
This was first described by Wil | enstein and Wgant. (4)
The first electric hearing aid was invented by this
person. (4)

This input transducer is used in hearing aids while

speaki ng over the tel ephone. (8)

Answer s

Fil

© © N o o bk~ W DB

e
N B O

13.
14.
15.
16.
17.

| in the blanks

Hand cupped behind the ear

F.C. Rein in 1800

Speaki ng trunpets or hearing trunpets
Acoustic throne

Mechani cal hearing aids

VWoden rods or netal rods

R chard Rhodes, Rhode's audi phone

Ear inserts

Akouphone

. MlId

Pre-electric

B ectric

Carbon microphone, earphone and battery
1930

WIllico in 1969

El ectret

1954
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18. Zenith, 1964, BTE

19. Bardeen and Shockley in 1947

20. 1931,stability in performance, long life, and greater

power of anplification.

Answer in a few sentences

1. They were expensive, cunbersome and difficulties were
encountered with the anplifier

2. The carbon hearing aids gave only limted acoustic gains.
This was overconme by vacuum tube hearing aids.

3. The pre-electric aids gave only narrow frequency range,
mld degree of anplification, was cunmber sone and
unhygi eni c.

4. The transistor hearing aids were smaller, nore sturdy,
requires virtually no warmup period, |lower voltage and
dramatic mniaturisation.

5. The two major drawbacks of carbon hearing aids were
limted anplification provided and narrow frequency
response.

6. Crystal, ceram c, condensor, electret and directional
are sone of the kinds of mcrophones used wth hearing
ai ds.

1.. The electret mcs has an extrenely broad and flat
frequency response, it is rugged and sensitive and it is
free of problems wth nechanical feedback or «cloth

r ubbi ng.
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8. The directional mcrophone has both front and rear
openings. Sound inpinging fromthe rear is attenuated a
significant nunber of decibels sufficient for the wearer
to focus on the sound com ng fromthe front.

9. a. Magnetic

Advant age: Ideal frequency response over a range of

frequenci es nost inportant for speech.

Di sadvantage: Do not permt mniaturisation.

b. Ceramc

Advant age: Permtted extended | ow frequency anplification.

Di sadvant age: H gh i npedance probl ens.

c. Condensor

Advant age: Has a broad frequency response.

Di sadvant age: Have a | arge voltage need so does not permt

m ni aturisation
10. 'Fonifero': It is a bone conduction hearing aid. The
curved portion at one end was rested on the throat of
the speaker and the listener's end was placed against
teeth, forehead or mastoid area.

|. Match the follow ng

O ~NOURMWN PR
1
(o NN o (o Rl = BN RNe)
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TYPES OF HEARING AIDS
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Fill in the bl anks
1. Based on the category hearing aids can be classified as

and heari ng

ai ds.
2. Based on the different kinds of mc wused hearing aids

could be classified as and

3. and are the two different

types of |TEs.

4. Customnolded |ITCs are of and

types.

5. The first wearable digital aid was denonstrated by

in the year
6. Based on out put transducti on heari ng ai ds are
categorised as and heari ng
ai ds.
7. OTE is a synonym for hearing ai ds.
8. and are the types of |ITC

heari ng aids.
Choose the correct answer

1. Custons | TEs can be classified based on

o

Physi cal |ocation

Di nrensi ons within the concha

(e

c. aand b

d. None of the above
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2. Is the nost commonly used type of custom
| TE

a. Lowprofile
b. Full concha
c. Half concha
3. The peri-neatal ITC hearing aid has nost of t he
conponents pl aced.
a. Wthin the concha and sone in cartil agenous portion of
ear canal .
b. Wthin the external auditory meatus close to the
t ynpam ¢ nenbr ane.
c. None of the above.
4. Miltiband hearing aids are nmore common in
a. Inplantable hearing aids
b. Programmabl e hearing aids
c. None of the above
5. ITCs are nostly of the
a. Qustons type
b. Mdul ar type

6. Alnost all conventional hearing aids are in
nat ure

a. Anal og

b. Dgital

c. Programmbl e
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State whether true or false

1

~

Programmabl e hearing aids, quasi-digital hearing aids,
anal og hearing aids with digital control all refer to one
and the sane.

| TEs require less anplifier gain than the outside the ear
mc | ocations.

Tel ephone use in much nore effective with ITC than wth
an | TE

The smaller the hearing aid the greater the opportunity
to utilise the natural enhancement provided by the pinna

and ear canal .

The smaller the hearing aid the lesser the electronic
flexibility.

The nmodular ITE is different fromITE in terns of power
supply source and el ectronics.

ITC aids are nore limted in gain and output than |ITE
ai ds.

Answer in one or two sentenses

1

Differentiate between digital and quasi-digital hearing
ai ds.

Mention some of the benefits of peri-tynpanic |ITC hearing
ai ds.

What are various ways in which hearing aids can be
classified ?

What is the advantage of small receivers as in ITG over

| ar ge receivers.
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5. Mention a few advantages . of intra-auricular aids over
BTEs.

6. What are the kinds of inplantable hearing aids ?

7. What are the major conponents of a programrable hearing
aid ?

8. G ve sone advantages and limtations of digital hearing
ai ds. |

9. How is an adaptive hearing aid dffferent from a non-
adoptive hearing aid é

10. What degrees of hearing inpairenent do body |evel, BTE

spectacle, ITE and canal aids serve respectively ?

Puzzl e

Identify the different types of hearing aids.

A p r [L\NE T AE\ L Q@ S T

N 1 $NO JE| P L W E A K L
%Af Q | q\ AR I V L S A
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Fill in the bl anks

1. MId, noderate and strong cl ass hearing ai ds.

2. Drectional hearing aids and omidirectional
ai ds.

3. Qustom | TE and nodul ar | TE

4. Regular and mni types.

5. Nurley- and Spencer in 1983.

6. Ar conduction and bone conducti on.

7. BTE

8. Peri-neatal and peri-tynpanic |ITC hearing aids.

Choose the correnct answer

o 0o A~ W DN P
1
(o

State whether true or false

- True
- True
- True
Tr ue
- True

- Fal se

~ (@] o1 A~ w N =
1

- True

heari ng
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Answer in one or two sentiences

1

In digital hearing and the input signal is ddigitized
and a DSP chip is used whereas in quasi-digital hearing
aids, while, Quasi di gi tal heari ng ai ds feature
conventional anplifiers and filters controlled by an
external digital source.

Cosnetic appeal, reduced gain output requirements,
greater high frequency gain, elimnation of occlusion
ef f ect, i mproved performance in noise and f eedback
reduction are sone of the benefits of peri-tynpanic |TC
heari ng ai ds.

Hearing aids can be classified based on

a. Manner of placenent

b. Category

c. Mode of operation

d. Different technol ogy and

e. Conponents (mcs) used

Smal | er receivers provide an extended upward frequency
response.

Intra-auricul ar aids: -

Provi de snoot her responses due to shorter transm ssion
di stance fromreceiver to ear drum

- Reduces wind noise interference.

- Provides sone directionality.

- Enhances high frequency sounds in 2-5 kHz region.



6.
7.

8.
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Cochl ear, mastoid and mddl e ear inpl ants.

CMXE  (Conplinmentory Mtal xide Sem condutor), RAM

(Random Access Menory) and an external m croprocessor.

Advant ages

- Elimnates background noi se and feedback probl ens.

- QGeater flexibility and control of per f or mance
characteristics.

- Stability of perfornance.

D sadvant ages

- Large housing requirenents

- Low battery life due to high current draw.

Non-adaptive hearing aids includes circuitory that

does not change the basic performance of the hearing

aids once its control s are set. Tone, out put

trimrers and fixed functions swtches, while adaptive

hearing aids include circuitary that has a processing

function that alters the performance  of the aid

during changing input signal environnments, egqg. AGC

ASP, etc.

10. Upto profound | oss, upto severe |oss, wupto noderately

severe | oss, upto noderate |oss respectively.
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different types of hearing aids.
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BASC COMPONENTS OF
HEARING AIDS
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Fill in the bl anks:

1. Is a variable resistor used in hearing aids

to select the nost effective listening |evel.

2. is a circuit in hearing aid that s

developed to alter its frequency response/ i.e., to

provide high or |ow frequency enphasis.

3. is used to nake or break the <circuit 1in a

hearing ai d.

4. 1f high frequency enphasis is needed filter

is used and if Jlow frequency enphasis is needed

filter is used in hearing aids.

5. The cl ass enplifiers are used in Jlow gain

hearing ai ds, where the peak gain does not exceed 50 dB.

6. A high pass filter in a hearing aid actually

the |low frequency gain rather than t he high

frequency gai n.

7. The output stage of a hearing aid anplifier is identified

as having cl ass

or oper ati ons.

8. The tone control settings on a hearing aid could be

) or




10.

11.

12.

13.

14.

15.

16.

17.

18.
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is a flexible, conducting wire connecting

the hearing aid receiver to amplifier in body |Ievel

hearing ai ds.

and are the tw types of

hearing anplifier used usually.

The battery conpartnment of a hearing aid could be

: or types.

increases the anplitude of the weak

el ectric AC voltages picked up by the m crophone.

The initial voltage of a hearing aid battery is

is the nobst conmon type of earphone used in

body | evel hearing aids.

Receivers of the wear level aids are generally of

type1

Based on the nunber of paris cords may be of 2 types

and cords.

The anplification provided by a hearing aid derives its

power fromthe hearing aid

G eater the gain and the output requirenment of a hearing

aid its current drain.




19.

20.

21.

22.

23.

24.

25.

26.

27.
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and are the two main types of

hearing aid batteries used currently.

Wth use, as the battery voltage decreases the volune

control can be increased upto of the full

vol unme control range.

is another nane for hearing aid earphones.

and are the two types of

hearing aid receivers.

Cor ds can be classified based on

and

The purpose of this in a hearing aid is to allow the
hearing inpaired individual to speak over the telephone

utilising anplifications

and are alternate inputs

avai l able with hearing aids.

As t he current drain I ncreases battery life

VWhen tested in a free field the m cr ophone

has a heart shaped polar pattern (cardiod).
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29.

30.

31.

32.

33.

34.

/ 35.

36.

37.
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Directional hearing aids have good directionality at

frequeni ces and directionality S

mai nt ai ned upto Hz.

The cord of a hearing aid is termnated at both ends by

and are the transducers used

in hearing aids.

converts the sound pressures that inpinge

upon its diaphragm into snmall anal ogue el ectri cal
signal s.
If tested in free space of a mc picks up

sound equally fromall directions.
When worn over t he ear a pressure mc has

omidirectionality only at frequenci es.

Based on the configuration you could have

or cords.

The mc is used in present day hearing

ai ds.
Sone of the advantages of wusing electret mcs are

- . and

At the end of the cord, the cord energes

fromthe plug along the sane plane as contact pins, and

in the end the cord energes at right angles

to the contact pins.
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38. In this type of hearing and anplifier circuit the entire
circuit function is formed on a single sem conductor
mat eri al .

State whether true or false

1. Hearing aid cells have a relatively flat discharge rate.

2. The sane receiver that is used with Y-cord can be used
wth V-cord.

3. Aclass A anplifier allows for nore output at high
frequency than does class B.

4. (Qass B anplifier uses the battery power nore efficiently
than a class A anplifier.

5. Mcrophones could be defined as acoustic nechanoel ectric
t ransducers.

6. JQass A anplifiers have a constant current drain
regardl ess of whether the input signal level is Ilow or
hi gh.

7. When a pressure mcrophone is worn over the ear it has a
circular polar sensitivity at all frequencies.

8. The final or output stage of hearing is also called as
power st age.

9. It is possible to have a three pin Y-cord.

10. Y-cord could be used with asymretrical | osses,

11. The vol ume control of hearing aid has t aper

characteristics-.
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12. A hearing aid provides signifificant gan once its
volume control has been advanced beyond 3%6 of its total
range.

13. The voume control does not alter the input signal to

the aid but adjusts the amount of amplicatxon of the
A

I nput signal .
Choose the corrent answer

1. This class of anplifier does not have a constant current

drain.
a. dass A
b. Qass B
c. dass C
2. The class : anplifier has its integrated

output anplifier chip built inside the receiver.

a. dass A
b. dass B
c. Qass D

Hearing aid earphones are
a. Acoustic mechanoelectric transducers
b. Electro-mechanical acoustic transducers
4. Wiich of the followi ng configurationis not possible ?
a. 2 pinVcord
b. 2 pin Y cord

(@]

3 pin V cord
d. 3 pin Y cord
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5. Which of these cells is rechargeable ?

a. Silver oxide

b. N ckel cadm um -

C. Zinc air
6. This cord is used wth a push-pull anplifier.

a. 2pin

b. 3 pin

c. single pin
7. This type of cell has the highest voltage

a. Slver oxide

b. N ckel cadm um

C. Zinc air

d. Mercury
Mat ch the foll ow ng
. 1. dass Aanplifier a) Pul se-wi dth nodul at ed

2. (Qass B anplifier b) Single ended output stage
3. dass D anplifier c) Push pull
d) Single ended input stage
1. 1. AQass A a) Hgh gain
2. Qass B b) Low gain
c) Moderate gain
[11. 1. V-cord a) Parallel connection
2. Y-cord b) Series connectors

c) Biserial connection



| V. Accessories of cords

1.
2.

VI .
1

Canal t y p .

Hal f nmoon coupl ers

Thr eaded coupl er

El bow fitting

Femal e adapt or

Tone control
H1
H2

Connections of cord

+Ve

+ve
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a) Snaps on to receiver

b)

c)

d)

For BTE aids threaded
perfornmed connector

Mai ntains full opening of
nold to nmake quick and easy
repl acement of tubing

Soft rubber test tips with
flexible tubing attached

For BTE threadi ng plaster
connetor with a reinforcing
nmet al band

H gh frequency suppression

Low frequency suppression

G eater" low frequency
suppr essi on

No frequency response
alteration

Y cord
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b) § cord

c} V cord

T

+ .

Answer in one or two sentences

1.

Mention a few advantages of class D anplifiers over

class B anplifiers.

How nmany stages of anplification does a hearing aid

have ?

Mention the names of sone of the controls on hearing
ai ds.

Mention a few advantages of class B anplifiers over
class A anplifiers.

Mention two di sadvant ages of silver oxide cells.

What is the function of trimrer control in hearing

aids ?
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Mention two di sadvant ages of nickel cadmumcells.

What are the usual types of <cells wused with hearing
aids ?

What are the precautions to be taken while wusing a

battery ?

10. What are sone of the advantages and disadvantages of

y 4

1.

2.

using zinc air cells with hearing aids ?

Nanme the different parts of the hearing aids

A

=

e =25
8 = /=)
——

g

o G

Whdh is the adiflex and angleflex end of this cord ?

flg

A

UU
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3. Wiat class of anplifiers do these waveforns represent ?

CONSTANT
[amm»uw

No
SIGNAL.

t—>

ii.
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AGE CURRGNT INCREAS RS
ROUGHLY ASTHE SGuaE
OF THE INPUT SIGNAL

ESCENT
CURRENT 1S

VERY LOW

O —t— — ——

==\ o
ke—— No e S1opAL ”
SIGNA PRESENT |

4, How will you interpret this graph ?

- 7

/
11V

25 XD 3 50 &6 1o 8§ fooe
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5. Wiat does this schenatic diagramrepresent ?

GROUND

ST AMPLIFIER
EARPHONE

6. Of this is a block diagram of a sample hearing aid mark

the important components.
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7. Howw |l you interpret this graph ?

o

MERLURY

VoLT15
&

o SILVER
Zine AIR,

TiME —>

Anagr ans
1. How many different conponents of a body |evel hearing aid
can you identify ?
a. LFNVAPI ER
b. ORCA PMENHO
RCDC
d. O EVREER
e. TTRBAEY

o

2. How many cbhtrols of a hearing aid can you make out ?
a. R M'ERM
b. LEMMNO
c. PCADTUT
d. NOTE
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ANSVEERS

Vol unme control

Tone control

on-of f switch

H gh pass, |ow pass
dass A

Suppresses, emphasizing
A, BorD

H, N or L

Cord

Monolithic IC and hybrid IC

Bottom sliding, swinging or open, close type

. Amplifiers

1.5 Volts

Movi ng iron nmagnetic ear phone
Bal anced armature magnetic type
2 pinand 3 pin

Battery

. Greater

Zinc aid and nercury
2/3 rds

Recei ver

Air conduction and bone conducti on

Si ze, configuration, plugs, connection

pi ns.

nunber

of
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24. Tel ecoi |

25. Telecoil and electrical input fromTV, radio, etc.
26. Decreases

27. Directional

28. Low, 4000

29. Plugs

30. M crophone and receiver
31. M crophone

32. Pressure

33. Low

34. S, Vor Ycord

35. H ectret

36. Good sensitivity, flat and wi de band frequency response,
| ow internal noi se, insensitivity to nmechani cal
vi brati on.

37. Adiflex, angleflex

38. Mnolithic circuit

State whether true or false

1. True

Fal se

Fal se

True

True

True

N o g & W N

Fal se
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8. True
9. Fal se
10. Fal se
11. True
12. Fal se
13. True

Choose the correct answer

1. b

2. C

3. b

4. d

5 b

6. b

7. a

Match the foll ow ng

. 1-b lv. 1-d V. 1-b
2-c 2-e 2-C
3-a. 3-b 3-a
1. 1-b 4-c 4-d
2-a 5-a Vi. 1-b
1. 1-a 2-C
2-b 3-a

Answer in one or two sentences
1. - Fewer conponents and required space.
- Higher output saturation |evels and signal headroom

- Reduced battery current.



9.
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A hearing aid could have three or nore stages of

anplification.

Vol ume control, tone control, on-off swtch, bass

control, trimrer control, output <control, AGC control,

etc. are sone of the controls on hearing aids.

- Relatively higher gain

- Uilises battery power nore efficiently,

- They allow nore output at high frequencies than class A
anplifiers

- H gh cost

- Relatively short operating life

When set to a lower level, this control can be wused to

keep an instrnment's gain below feedback even when the

user turns the volunme control full on. It <can also be

used to prevent overload when the sspLy,, has been reduced

due to tol erance reasons.

- Need for daily recharging

- User's inability to know the battery's conditions of
char ge.

Zinc air, mercury, silver oxide and nickel cadm um

cells.

- Battery should be renoved if the hearing aid is not
being used to prevent drainage.

- Battery termnals have to be cleaned regularly to avoid

corrosion.



10.
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- Wen not in use batteries nust be stored in cool dry

pl ace.

Advantage: It has along life.

D

sadvant ages:

Wien they are used with high current drain hearing
aids the air activation 1is not sufficient to
accommodate the hearing aids required current drain
(notor boati ng).

After the seal is renoved, the cell begins to
di scharge slowy, even when the hearing aid is not in

use.

i) dass A

) Aass B

iii) Aass D

Taper characteristics of volune control

Vol une contro

1- Mc

2 - Volune contro
3 - Amlifier

4 - Battery

5 - Receiver

Silver, nmercury and zinc air cells gives constant voltage

out put throughout its life. Battery life is greater for

zinc air cells conpared to the other two, and silver

cells have greatest voltage of all these cells.



1. A- On-off switch
B - Vol une control
C - Tone control
D- Mc
E- dip
F - Cord
G- Plug
H - Receiver
2. A- Adiflex end
B - Angleflex end
Anagr ans
1. a. Amplifier
b. M crophone
c. Cord
d. Receiver
e. Battery
2. a. Trimrer
b. Vol une
c. CQutput
d. Tone

-42-



EL ECTRO ACOUSTIC
CHARACTERISTICS OF

HEARING AIDS
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Hy ! How inforned are you about electro acoustic

characteristics of hearing aids. Try this quiz and find out.

So get ready here we go !!

1.

What do you nean by el ectro acoustic characteristics of
hearing aids ?
Measurenents of sensitivity of hearing aids - go to 5
Measurenents of inpedance of hearing aids - goto 9
Measur enment of input-output functions of hearing aids

- go to 13
The anmount in deci bels by which the SPL devel oped by the
heari ng and earphone in the coupler exceeds the SPL in
free field is
a. Gin — go to 10
b. SSPL 90 — go to 14
Perfectly right, IT1ECwas the first to publish standards
for electro acoustic characteristics back upto 2.
No RTG sinmulates the 'Use' position of gain setting in
hearing aids. It is not used as volune setting for
measurenent of SspPLy,. Moreover the range of frequencies
tested do not exceed 8000 Hz, go back to 20.
Poor start. | amafraid electro acoustic neasurenents are
not neasurenents of sensitivity of hearing aids, go back
to 1.

Absolutely right. The SSPLgy is aided neasured using a

constant insput signal at 90 dB and in the range of



10.

11.

12.

13.
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200 to 8000 Hz and volume control is turned full on
- go to 15.
Wio were the first to publish standards for electro
acoustic characteristics ?
a. IEC - goto 3
b. ANSI - go to 11
No, again the volune control setting used, for
nmeasurenent of SSPLg, iS full on and not RTG
No, electro acoustic measurenents are not neasurenents of
hearing aid i npedance - go back to 1.
N ce going, gain is the difference between output |evel
and the input level - junp to 20.
Wong, ANSI has given standards on electro acoustic
characteristics but that was in the year 1971 - get back
to 7.
Wiat differentiates high level AGC aids from low |eve
ACC aids ?
a. Sewng rate — go to 25

b. Level at which — go to 30
AQRC knee occurs

c. AC flutter — go to 35
Good start,.electro acoustic characteristics of hearing
aids are indeed the changes effected in a signal as it
is transduced from acoustic to electric to acoustic

energy - junp back to 7.



14.

15.

16.

17.

18.

19.

20.
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Wong, SSPL90 represents the maxi num root nean square
sound pressure level obtainable in the coupler froma
ear phone of a hearing aid - journey back to 2.
Wiich is the coupler that reproduces the ear druns
| npedances of a typical adult human ear ?

a. 2w sl ocki — go to 23

b. 2 CC coupler — go to 17
Good, the formula for conputing the L, is indeed

Lh =L, - (Lave - 60)"— Now on to 27.
No, nost of the average nale adults have a ear canal
volune of 1.2 CC. Therefore a 2 CC coupler does not
reproduce the ear druminpedances of a typical adult
human ear. The 2 cc coupler actually under estinates the
SPL developed in the ear canal. Return to 15 and try
agai n.
Sorry, you have got it all wong. This formula does not
i ndi cate anything - retreat to 37.
You are off course, Strong gain hearing aids actually
have the maxi mum anount of distortion conpared to mld
or noderate gain hearing aids - try 29 again.
Wi ch of the follow ng represents the settings used for

nmeasurenment of SSPLgy according to ANS .

a. i/p =90 dB, Vol-RTG Freq. 100-8000 Hz — go to 4

b. i/p =90 dB, Vol-Fullon, Freq. 200-8000 Hz — go to 6,

C.

i/p =90 dB, Vol-RTG Freqg. 200-5000 Hz — go to 8



21.

22.

23.

24.

25.

26.

27.
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Yes. Distortion is greatest in mld gain hearing aids.
The anmount of distortion varies inversely with the power

category of hearing aids - go to 12.

Sorry. To nmeasure the range of frequency response as
input of 60 dB is given through the range from 200 to
5000 Hz and the gain control a set to RIG - try 33
agai n.

That is right. The Zw sl ocki coupler has a volume of 1.2

cc which sinulates the volunme of ear canal of an average
male adult and also it reproduces the ear dr uns
i npedance of a typical adult human ear - Try 29.
You are wong again. To neasure the average full on
gain. You give an input of 60 dB through a frequency
range of 200-5000 Hz and gain control is set to full on
- Try 33 again.
No, slewing rate refers to the rate of gain change that
t he conpressor can effect - go again to 12.
Correct. This set "up is used for nmeasurenent of harnonic
distortion to 37 again.
This kind of ASP circuit in hearing aids is intended for
wearers having high frequency hearing |oss, put who need
nore high gain for quiet sounds than they do for |oud
sounds.

a. BILL — go to 31

b. K-anp — go to 38



28.

29.

30.

31.

32.
33.
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Wong. Harnonic distortion arises where the output
contains frequencies that were not present in the input
— go back to 39.
Wi ch category of hearing aids produce the greatest
amount of distortion.

Strong gain hearing aids — go to 19.

MId gain hearing aids — go to 21.
Absol utely right. The high level AGC aids are
differentiated fromthe |low | evel AGC aids depending on
the level at which the AGC knee (thredhol d of
conpression) occurs. The higher the level at which AGC
knee occurs the higher the level of that AGC aid and
vice versa. Now proceed to 33.
Wong. BILL is intended for wearers who frequently find
t hensel ves in noisy environment especially where |ow
frequency noi se predom nates. Because they reduce |ow
frequency anplification at high levels - try 27 again.
Correct. That was a good one. Wap it all up with 40.
Identify the electro acoustic characteristic that is
nmeasured with the hearing aid set in the reference test
position and with an input SPL of 70 dB for the input
frequenci es of 500, 800 and 1600 Hz.

a. Frequency response — go to 22
b. Average full-on gain — go to 24

c. Harnonic distortion — go to 26



34.

35.

36.

37.

38.

39.
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The instrunentation for electro acoustic neasurenents
include signal generator, hearing aid test box,
regul ating system  measuring system and har noni c
anal ysi s.

Sorry, AGC flutter refers to the distortion that occurs
when the release tine is faster than attack tine —
turn back to 12.

Wong. Internodul ation di stortion arises when t he
out put contains summation or. difference frequencies of
i nput .

If, L2 = SPL in the coupler due to internal noise.

Lave = Average SPL in the coupler resulting from the
1000, 1600 and 2500 Hz signals.
L, = Equival ent input noise |evel
VWi ch of the follow ng expressions are correct ?

a. Lpn = Laye - (L, - 60) --> go to 18

60) _>go to 16

b. Lrl = L2 _ (Lave _

Terrific. Ranp is indeed intended for such wearers
since it reduces the high frequency at high Ilevels -
advance 1 nunber to 39.
This results when the frequency response curve of the
hearing aid favours or supresses sonme frequencies nore
t han the others.

a. Harnonic distortion — go to 28

b. Frequency distortion —> go to 32

c. Internodul ation distortion --> go to 36.
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40. Well. That it ! The fastest route took 23 steps.
1- 13- 7- 3- 2-10- 20- 6- 15- 23- 29- 21- 12- 30- 33- 26- 37- 16- 27- 38-
39-32 and 40.

One nore question before you go.
What essential instrumentation is required for el ectro

acoustic neasurenents - go to 34 for the answer.

Learn through visuals

1. What does this curve represent ?
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100 150 500
fre @uency (H2) ——>

VWhat

gain control

oo 2000 L4000

does this curve represent ? and

setting for

this neasurenent ?

what

is

tt he
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3. This graph represents the transfer functions of a |inear

aid. What is plotted along the abscissa and ordinate ? How

do you interpret this graph.
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4. \What does the graph 'a' represent ?
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5 Can on identify this ?

REFERENCE
PLANE

A

"\.-L-‘
(N /

\fl

Q \ﬂv.—'

Fivind,

&1~ MICROPHONE
FITS HERE

6. What does this graph indicate ? How will you interpret

it ? At which point does the AGC knee occur ?
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7. What do these two bl ock diagrans represent ? How are they

11
LEVEL

different ?

AVPLIFER

A

/

ROPHOME G{

7
AN CONTROL

T

DETECTING FecDBACK LOOP
r@m( P  MPUFER
— / )
Hie roprone G N CONTROL . RECEIVER
A
LENEL e FEEDBACK. LOOP
DATECTING,
Fill in the bl anks

| ncrease or decrease

1.
2.

hearing aid

As the frequency increases,

ability

As the gain sett

distortion

i ng

As anplitude distortion increases,

di stortion

Distortion |evel decreases as the power category of the

speech discrimnation

of a hearing aid i ncreases,
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5. In describing the transfer function of hearing aids we
could say that as input SPL increases, output SPL
by the sane nunber of decibels upto the point where the
saturation output of a hearing aid is reached. Foll ow ng

which further increase in input results in of

out put .
6. In the case of input controlled AGC, both the gain and

maxi mum avai |l abl e output are as the vol une

control in increased.
7. In the selective frequency or bandwi dth conpression

circuits, as the input |[evel the cut off

frequency noves upward.

8. In the BILL type of LDFR bass at high
| evel s.

9. In the TILL type of LDFR treble at |ow
| evel s.

10. There is an in the SPL is the ear

simul ator conpared to the copl ext.

Wul d you say that

1. Electro acoustic neasures are neasurenents of input
out put functions of hearing aids.

| Yes/ No]j

2. The functioning of the nonitoring system in electro
acoustic measurenents is to regulate voltage to the
| oudspeaker to conpensat e for its frequency

irregularities.
| Yes/ Noj
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The acoustic energy transfer functions are significantly
different for the 2 CC coupler and a real ear.

| Yes/ No|
. Comparison of hearing aid peaeformances measured in a 2 CC
coupler anod in a real ear does not demonstrate a pattern
of significant differences.

| YesNo |
Harnoni ¢ distortion is nore annoyi ng than internodul ati on

di stortion.

| Yes/ No |

| nadequat e headroommnmay result in distortions at high
input levels and hence subjective judgenents of poor
quality and poor speech clarity.

| Yes/ No|
QG eater the gain setting of a hearing aid the greater the
har noni ¢ di stortion.

| Yes/ No 1
Speech intelligibity will not suffer in the presence of
I ntermodul ation distortion and transient distortion.

| Yes/No|
Harnmonic and internodulation distortion results from
amplifier non-linearity.

[ Yes/ No|
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10. It is vital to proper fitting to know the nmaxi num out put

capability of a hearing aid.

| Yes/ No |
11. The hearing aid has linear input-output relations.
| Yes/No |
12. The conpression ratio i ndi cat es t he degree of
conpr essi on.
| Yes/ No |

13. The 2 cc coupler should not be wused for tests above
7000 Hz as the one inch m crophone used with it falls of

rapidly in response above 8000 Hz.

| Yes/ No|
14. Equivalent input noise level can msleading for AGC
ai ds.
| Yes/ Noj
Junbl e

Unscranble these letters to obtain a few conmmopn
el ectro acoustic characteristics that are neasured. Now use
the letters that are circled and derive another electro

acoustic characteristic. If you don't succeed you could use

the clue given.

1 R 1Y (:)4 Flu | g (EE)(Z Q@ N]lEIA]IG R |




LG | |H :_e sle|lalNn| Ul F)Y
3
v EXEIr |A IG]| A
4 .
s]alelc [a]r] [MEI]E]
> MM yim n@x LP@QOS
6
“
Que: It sinulates the '"use' position of gain
heari ng ai ds.
EXPAND THE FCOLLOWN NG

1. HAC

2. SSPL

3. IEC

4. HFA- SSPL g

5. RTG

6. Ly

7. ACC

8. KEMAR

9. AVC

10. FGQG

11. PC

12. LDC

13. LL
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setting

in



14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
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AT

RT

R

ASP

FCR
LDFR

K- AMP™
Bl LL
TILL
PILL

G ve anot her nane for

1.

© © N o g bk~ WD

10.
11.

Coupl ers
Anechoi ¢ chanber
Saturation sound pressure |evel
Anpl i tude distortion
Peak clipping
Peak roundi ng
Conpr essi on
ACC knee
FFR ASP circuits
Frequency di stortion

Zwi sl ocki coupl er

Questions with something in comon

1.

The first part of each of these words is the sane.

out the second part.

a. Hgh frequency average

b. Hgh frequency average

Fi nd
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2. The second part of these words is distortion. Find out

the first part.

a. di stortion
b. di stortion
C. di stortion
d. di stortion
e. di stortion
f. di stortion

3. The second part of these words is gain find out the first

part.
a. gai n
b. gai n
C. gai n

4. Al these electro acoustic characteristics use a comon
input of 60 dB SPL for neasurenent. Nanme them
5. ldentify the conmmopn gain control setting used by all of
these characteristics, frequency response, total harnonic
distortion, L , battery current.
6. Wiat is the commpon termto all these followng tests ?
Tenperature tests.
Shock tests
Hum dity tests

Vi bration tests
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Mat ch the follow ng

Characteristic | nput SPL
1. SSPLgg a - 60-
2. Max. SSPLgg b - 70
3. Avg. SSPLgo c - 90
4. Avg. full on gain d - 50-90
5. RTG e - Abrupt
6. Frequency response 55-80
7. Total harnonic distortion 80- 55
8. Equival ent input noise |evel
9. I nput output curves
10. Attack and rel ease tines
11. Characteristic Gain control setting
1. SSPLyg a. RTG
2. Total harnonic distortion b. Full on
3. Attack and release tines c. Full on
d. RTG
I11. These circuits are
i ntended for
1. Wearers who find a. PILL
t hensel ves in noisy
envi ronnent s b. TILL

2. Wearers having high
frequency hearing | oss c. BILL
but who need nore high
frequency gain for soft
sounds than they do
for |oud sounds
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V. 1. Conpression limting a. Hghs reduced at high
levels
2. Wide dynamic range b. Gan reduced at high
compression levels
3. BIEL c. Either lows or highs
reduced at high levels
4. TILL d. Gan increased at Ilow
levels
5. PILL e. Lons reduced at high
levels v
V. 1. HA-1 a. Ear sinmulator
2. HA-2 b. Measurenents with
earmold
3. Zwislocki coupler c. Measurements without
earmold
VI. 1. Percentage total a. L2 - (Lave - 60)
harnoni ¢ distortion
2. Equival ent input b. 1000 Hz alternating
noi se | evel magnetic field of

strength 10 inrA

3. Induction coil c. 100 [/ =~Sem—eFmmmmm—e—%

Ansve in a word or a sentence (not exceeding three

sentences)

1. Define SL

2. Mention . sone of the electro acoustic perfor mance
characteristics of hearing aids that are usually neasured

3. Mention sone of the environnental tests done on hearing
ai ds.

4. Mention two advantages and one disadvantage of peak

cl i ppi ng.



-62-

5. What are the tine constants with reference to AGC hearing

ai ds.

6. Define attack tinme and rel ease tine.

7. VWhich are the two major kinds of ASP circuits ?

8. Mention two nethods used to preserve heardroons.

9. What are the various standards available for electro
acoustic characteristics ?

10. Howw Il you determ ne the useful frequency range of a

hearing aids ?

11. What is the rationale for substracting 17 dB from
HFASSPL 90 for adjusting the gain control to RTG
position ?

The following figure gives an outline for the
classification of the ASP type hearing aids (proposed by
Killion, Staab and Preves, 1990), if the enpty blocks are
filled in. Iry and do it. Clues for each type have been
provi ded at the bottom

Fill up the bl ocks

ASP
i
{ {
,

J me gty L )

Gain Gain Lows Highs Either lows
i ncreased increased decr eased decr eased or highs
at high at | ow at high at high decr eased
| evel s | evel s | evel s | evel s at high

| evel s



-63-

Fill in the bl anks
1. The anechoic chanber is wused in electro acoustic

nmeasurenents to nmake the test space free of

bat verni rroe (Anagranj.

2. The acoustically "dead" room used in electro acoustic

nmeasurenents is known as or

3. The range over which tenperature testing on hearing aid

is done is to

4. Random noi se generated due to the rubbing of clothing
against the mc in body worn aids or the inherent noise

generated by the electronic circuitary in aids refer to

5. Wen the hearing aid is unable to duplicate a sudden
decay or alteration of the waveform this results in

G3 N NR (Anagran) .

6. Gain of the hearing aid with volunme control turned ful

on iIs

Non-linear distortion is also known as

8. This distortion can result fromrapid fluctuation of the

anplitude or frequency of the  stimulus or bot h

9. results when the phase angle between the

fundanmental frequency and any of its,hornonics or between

any two frequencies of a conplex wave changes'.



10.

11.

12.
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Frequencies at which nmaxinum distortion occurs were

in ear level than in body |evel aids.

The average output saturation SPL calculated from
frequencies 1000, 1600 and 2500 Hz is called

SSPL 0.

and are two comon kinds of

13.
14.
15.

17.

18.

19.

20.

21.
22.

non-linear distortion.

The K-anmp circuit gives trebl e, enphasis.

The K-anp circuit as this type of ASP circuit.
The circuits that reduce gain at high Ilevels and/or
increase gain at low levels but do not change the

frequency response of heari ng ai d are called

The terns limting |evel, conpression ratio, slow rate

and time constants all refer to

This device has four acoustical networks allowng for

simul ation of the acoustic inpedance of human ear drum

was the first to describe 2 CC coupler in

the year

and are output limting

systens used in hearing aids.
The rate of gain change in M5/dB that the hearing aid

circuit can handle is called

Threshol d of conpression is also known as

The formula for determning the % THD is




23.

24.

25.

26.

27.

28.

29.

30.

31.
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is defined as the renmoval by electronic

means, of one (unsynmmetrical) bot h extrenes

(symmetrical) of AC anplitude peaks at a predeterm ned

| evel .

Mul ti channel conpressors were designed by

in the year

LDAR AP circuits automatically change the

and of the hearing aid as a function of

input signal.

The K-arp circuit was designed by in the

year

refers to the |Ievel at whi ch t he

saturation output of the hearing aid is limted.
To prevent the entire frequency spectrum from getting
conpressed on AGC circuitary, the knee has to be set so

that the do no activate the AGC circuit

except at high |evels.
The quotient of a change in level of the input divided
by the corresponding change in level at the output on

the conpression's portion of transfer function i's

is a formof non-linear anplification that

is evidenced by a gradual ever dimnishing decrease in
output with each successive increase in input.

The limting systens in hearing aids have a built-in
nmonitoring circuit that automatically reduces t he
el ectronic gain of the hearing aid as a function of the

magni tude of the signal being anplified
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32. Wile doi ng electro acoustic measur enent s t he

tenperature, relative humdity and atnobspheric pressure

shoul d be : and
according to IS 1984.
Crossword puzzle
q
=
5=
‘ _
| | | _
3 1) i
o |
13 I
3 T "
il
!
5 16
46




-67-

Acr oss

1

This coupler reproduces the eardrum inpedances of a

typical adult hunman ear.

The useful range of frequency response.

The anmount in decibels, by which the SPL devel oped by the
hearing aid earphone in the coupler exceeds the SPL in
free field.

This setting sinulates the 'use' position of gain setting
in hearing aids - abbreviat ed.

The ratio of the power of the output signal at

frequenci es other than those delivered to the hearing aid
to the power of the signals that were applied to the
hearing aid gives this distortion.

This kind of feedback occurs when the output signal from

the hearing aid is picked up by its own mcrophone and

reanplified.

Down

7.

The failure of a system to transmt or reproduce a

revi ened waveformw t h exact ness. (10)

Identify this acronymits got a head and torso and has
t he di mensions of an average human adult, noreover its
got a Zw slocki coupler inside its head. (5)

This distortion occurs when a hearing aid is unable to
duplicate the initial sharp attack (rise tine) or the

sudden decay (fall tine) of a sound. (9)
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10. This is defined as the difference in db between the
conbi nation of the peak input level plus the gain, and
the level at which peak clipping occurs.

11. Vibration testing, tenperature testing, shock testing,
humdity testing, etc. are all exanples of
tests. (13)

12. Distortion level is proportional the power
category of aids. (9)

™

13. K-anp circuit was designed by him in the year
1990. (7)

14. This distortion arises when the out put cont ai ns
mul tiples or harnonics of the fundanental frequency of
the input signal. (8)

15. The maxi mum SPL obtainable in the <coupler froma
ear phone of a hearing aid (abbreviated). (4)

16. This iIs the nost versatile of all ASP circuits
(abbreviated). (4)

| nstrunmentation for measur enent : of electro acoustic

characteristics

t he

Draw arrows from one block to another to conplete

I nstrunent ation set up for electro acoustic

measur ement s.
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Analyser

Hearing aid test box

Hearing aid

Speaker

Recorder/
Display

‘Oscillator
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ANSVEERS

SSPLgy curve

Frequency response curve, RTG

O dinate - Qutput SPL

obscissa - Input SPL

As the gain control is advanced froma LC the gain in the
[inear portion of the curve I ncreases, but when
saturation |level reaches, no further increase occurs.
Peak cli ppi ng.

Automatic gain control (conpression).

The input/output curves of AGC aid has three nmin
conponent s.

— a linear section where increnents on input SPL cause

equal increnent in output SPL.

—> a conpression section where increnments on input SPL

cause smaller increment in output SPL.

—> a limting factor where increnents on input SPL do

not significantly increase output SPL.
(a) Qutput - Controlled AGC
(b) Input - Controlled AGC
In the output control AGC, the anplified gain changes
on the volume control setting. In the output
controlled AGC on the other hand because the feedback

circuit occurs before the volune control, contr ol of
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anplifier gain always occurs

regardl ess of where the volune control

5. 2w sl ocki coupler
Fill in the bl anks

1. Decreases

2. Increases

3. Decreases

4. | ncreases

5. Increases, decreases

Wul d you say that

Yes

Yes

Yes

No

No

Yes

N o oA w NP

Yes
Junbl e
Frequency range
Har noni ¢ di stortion
H gh frequency average gain

1

2

3

4. Release tine
5. Maxi mum SSPLg,
6

Ref erence Test Gain

at

the sane

| ncreased

I ncr eases

6
7
8. Decreases
9

| ncr eases.

10. Increase

10.

11.

12.
13.
14.

No
Yes
Yes
No
Yes
Yes

Yes

I nput

IS set.

| evel
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Expand the foll ow ng

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

© N o g &~ WD F

Hearing Ald Industry Conference
Saturation Sound Pressure Level

I nternational Electrotechnical Comm ssion
H gh Frequency Average Saturation Sound Pressure Level
Ref erence Test Gain

Equi val ent I nput Noi se Level

Aut omatic Gain Control

Kemar -

Aut omati ¢ Vol ume Contr ol

Full On Gain

Peak d i ppi ng

Li near Dynam c Conpr essi on-
Limting Level

Attack Tinme

Rel ease Ti e

Conpr essi on Ratio

Aut omati c Signal Processing

Fi xed Frequency Response

Level Dependent Frequency Response
Kill'i on-anp

Bass Increases at Low Levels

Trebl e Increases at Low Level s

Programabl e | ncreases at Low Levels
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G ve anot her nane for

1. Artificial ear
Hearing aid test box
Maxi mum power out put
Non-|inear distortion
Peak limting
Di ode cli pping
Aut omatic lgain control

Treshol d of conpression

© ® N o U B w N

AGC circuits

[ —
©

Li near
11. Ear sinul ator
Questions with something in conmon
1. a. Full on gain
b. SSPLgg
2. a. Harnonic
b. Internodul ation
c. Transient
d. Extraneous
e. Frequency
f. Anplitude
3. a. Full on
b. Hi gh frequency average

c. Reference test
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4. Full on gain, RTG frequency response, equivalent input
noi se | evel.

5. RTG

6. They are all environnental tests

Match the follow ng

| . a- 3 4 5 6 8 IV. ~'1-0D
b -7 2- d

c -1 2 3 - e
d-9 4 - a

e - 10 5 - ¢

1. 1-0Db V. 1-0D
2 - a 2-¢C
3-¢ 3- a

1. 1-c¢ VI l1-c
2 - b 2 - a
3-b

Answer in a word or a sentence

1. SSPL is defined as the maxinmum root mean square SPL
obtai nable in the coupler fromthe earphone of a hearing
ai d.

2. Gain, SSPLs,, RTG frequency response curve, equivalent
I nput noise level, harnonic distortion, ~current drain,
attack and release tine.

3. Tenperature, shock, hum dity, vibration.
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4. Advant ages

10.

Construction is sinple

Requires very |little space to acconplish effective

i nstant aneous output limting.

Di sadvant age

Har moni ¢ distortion occurs above the limting |evel.

Attack tinme and rel ease tine.

Attack time is defined as the length of tine required

for the feedback circuit to set the new gain value

following a strong i nput signal.

Rel ease tine is defined as the length of tinme required

for the reduced gain to return to normal anplification

after the strong input signal is no |onger present.

FFR and LDFR circuits.

a. Lowering the input SPL to the hearing aid by use of
vol une control or AGC circuit.

b. Raising the SSPLg, in linear aids by using anplifiers
havi ng | ow out put i npedance receivers.

HAI C, ANSI and IEC and BI'S, etc.

Gave a 60 dB SPL input with the volume control of the

hearing aid set to RTG the range of 200 to 5000 Hz

bei ng considered. Now record the output of the hearing

aid across different frequency cal culate the average of

the response levels at 1000, 1600 and 2500 Hz and

substract 20 dB fromthis draw a line parallel to the
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abscissa at this level. The range is determned by the
di stances between the points on the frequency response
curve that this line intersects.

11. The average intensity of speech is about 60 dB over a
di stance of 1 m But speech spectra has peaks also. The
| evel of these peaks is about 17 dB. Therefore 17 dB is
substracted fromthe HFA sspPLQQ to account for this
al so.

Fill up the bl ocks

ASP
i -
{ 1

FFR LDFR
Compression Wide dynamic BILL TILL PILL
limiting range

' compression

Fill in the blanks

1. Reverberation
Anechoxc room

- 20°F to + 140°F

Ext raneous distortiorf
Ri ngi ng

Full on gain
Ampl i tude distortion

Transi ent distortion

© ® N o O » W N

Phase distrotion




10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
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Hi gher

H gh frequency average SSPLg,
Har noni ¢ and internodul ati on
Most

TI LL

FFR ASP circuits

AGC hearing aids

Zwi sl ocki coupl er

Romanow (1942)

Peak cl i pping, conpression
Slewrate

AGC knee

100 / =femecZmmcccen---l

Peak cli pping

Villchur, 1973

Gain and frequency response
Killion (1990)

Limting |evel

Low frequenci es

Conpression ratio
Curvi |l i near conpression

AGC circuits

15-35°C, less than 80% 86-106 kdapa.
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Orossword puzzle
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| nstrunentation for neasur enent ; of
characteristics

el ectro acoustic

Hearing aid test box

| Hearing aid

// A

]

Analyser Speaker __—4%4&""’ Oscillator

\ Record er/

Display




EAR MOLDS : ACOUSTIC
AND STRUCTURAL
CONSIDERATIONS
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Fill in the bl anks

1.

10

is a plastic insert designed to conduct

the anplified sound fromthe hearing aid receiver to the

canal as effectively as possible.

The type of ear nold used is determned by the patients

and

The various styles of ear nold that are wused include

v and

nol ds.

is the ear nold of preference when the |east

amount of acoustic nodification of the signal is desired
or when a high gain is needed.

The two variations of skeleton nold are and

This kind of ear nold has the maxi num cosnetic appeal

refers to a plastic tube to couple the hearing

aid and ear nold in all personal anplification systens

other than body and all in the ear type aids.
Increasing the length of the tubing wll result in a
m ni nal i n output above 1500 Hz.

Increase in the internal dianeter of the tubing results

in in energy in the third formant region
: is an opening fromthe face of a ear nold to
its sound input channel, which is an intentionally

produced | eak.



11.
12.

14.

15.

16.

17.

18.

19.

20.

21.

22.
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Venting is used to attenuate f requenci es.

The three vent sizes that are usually used are ,
and '

The three kinds of vents generally drilled in a ear

mold are : " and vents.

Wen a diagonal vent is used f requency

attentuati on occurs.

Shorter the vent and greater its dianeter 'S

the reduction in |ow frequency energy.

The three kinds of adjustable vents that are in

w despread use are : and

The or vents when drilled into a

ear nold, intersects the main sound bore at sone point.

consists of a permanently installed clear

styrene seating ring and a renovabl e polythene venting
plug available in five different sizes.

PW is a versatile nethod for the rat her than

t he user.

Is a vent than can be adjusted by the patient

hinself with a screw type knob located on the face of

the ear nol d.

is a plastic plug which is about 4.3 mm in

length and has a hole that runs through the entire

| ength of the plug.
Venti ng the MPO of a hearing aid.




23.

24.

25.

26.

27.

28.

3>

-82-

are acoustical resistances that can be placed

at appropriate locations in the tubing transmssion |ine

to snooth peaks in response.

Horns are used in ear nolds to enhance the

frequency transm ssion.

Larger the cross-sectional area at the nouth of the horn

the high frequency transm ssion.

The inpedance of a mass of air in a section of tubing is

directly proportional to the and inversely

proportional to the

and are generally used as dancers

in ear nolds.

Sonme of the advantages of using a vent are

and

Mat ch the foll ow ng

Recei ver nold a. Consists of canal portion and

used for noderate gain
i nstrunments

Shell nold b. Consists of canal plus the
| oner one-half of the concha
rim

Skel eton nol d c. Has a full canal and a thin
pl ate covering the bow of
ear

Canal nold d. Full, solid nold, wth netal

or plastic snap ring for the
appropriate sized nubbin.

Canal lock nold e. Consists of canal and a thin
frame around the bowl of ear.

Canal nold f. Used to couple and hold an ITE
hearing aid

All in the ear nold g. Al of canal portion is
el imnated except for small
part used to retain tubing.
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PW

2. VW

3. AV

4. Parallel vent

5. S de branch vent




-84-

ITT. 1

C 2. a. Shell nold
b. Canal nold
c. Quen_ nold
d. Receiver nold
e. Skeleton ) nol d

f. Horn nold

State whether true or false
1. When mexi mum anmount of low frequency attentuation is
desired the open ear mold is used in conjunction wth

el ectronic high frequency enphasis fromthe aid.



10.

11.
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The inpedance of a mass of air in a section of tubing is
directly proportional to the dianeter of the tubing and
I nversely proportional to its |ength.

Wien a horn is used, the |ow frequency resonance points
are shifted upwards in frequency.

For maxi mal control of venting the dianeters of
the SAV and PWinserts should be kept relatively snal
and the vent channel should be short wth a large
di aneter.

The hearing aid response can be nodified by altering the
tubing length and inside dianeter.

The length of the tubing has mnimal influence on the
first formant (F1) and causes mnor variations in second
(F;) and third (F3) fornant.

In the VWV the frequency response is altered by the user
and not the di spenser.

A | arger dianmeter bore increases high frequencies.

Hard acrylic is the nost comonly used ear nold
material .

Paral l el and diagonal vents have the sanme frequency
response above the resonant frequency of vent associated

resonance.

Atighter seal can be obtained with a soft nol d
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Puzzl es
1. Fill in the enpty blocks and see how nmany ear nol d
materials you can identify.
]
i | O
E / EiA i
A A
O
i
o e E E
2. KDM/qgny different kinds of ear nold can you identify
ere % J
S H E L L Q R S T U v R
K P C A N A L L C C K E
E O S T X L R R I J K v
L I P \' Y L A L M N U E
E P E E v I A N P Q R I
T I o) R N X A J A C U c
O L R T U X O T P C T E
N A L L I N T H E E A R
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Junbl e

Unscranble'the letters given below to form nanmes of
different types of vents wused with ear nolds. Use the
letters circled to formyet another variety of vent. You

could use the clue given bel ow

1.®ovETIS| TIEIN{V I INIG

-
-
<
m
<
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ANSVEERS

Pill in the bl anks

1. Ear mold

2. Hearing loss and desired acoustic effect
3. Receiver, shell, skeleton, canal ard open molds
4. Cugom mede regular ear mold

5. 3/4th skeleton and semi-skeleton

6. Cand mad

7. Tubing

8. Decrease

9. Decrease

10. Vent

11. Lowv

12. Small, medium and large

13. Parallel, diagonal and external

14. H gh

15. G eater

16. Positive Venting Valve (PW, Variable Venting Valve
(MWV) and Select-A-Vent (SAY)

17. D agonal or Side branch

18. PW

19. D spenser

20. VW

21. AV
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22. Reduces
23. Danmpers
24. High
25. Better

26. Length, dianeter of tube
27. Sintered filters and | anbs wool
28. Static pressure equalisation, inproved quality of sound,

altered frequency response for better speech

discrimnation in quiet and noi se.

Match the follow ng

1. 1-d 1. 1 - ¢ . 1 - d
2-C 2-a 2-¢C
3-e 3-Db 3-e
4 - a 4 - ed 4 - a
5-b 5 - de 5-0D
6 - ¢
7 - f

State whether true or false

1. True 7. True
2. Fal se 8. True
3. True 9. True
4. True 10. Fal se
5. True 11. True
6. True



-90-

C

Puzzles
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Junbl e

1
2
3
4.
5
6

PGSl TI VE VENTI NG VALVE
DI AGONAL VENT
SELECT A VENT
VAR ABLE VENTI NG VALVE
EXTERNAL VENT
PARALLEL VENT
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SPECIAL APPLICATIONS
OF AMPLIFICATION
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Choi ce the correct answer

1

Trans cranial cros was given by
a. Blackard (1988)
b. Geen (1988)
c. Sullivian (1988)

How many m crophones does cros plus utilize ?
a. 4
b. 3
c. 2

Deaf generally have a - cornered audi ogram

a. Left
b. Right
c. Top

utilizes the head shadow by using the natural

attentuation of the head to provide nore anplification of
t he high frequencies w thout feedback.

a. Milticros

b. Hi -cros

c. lros
In which of the following conditions does the person
with unilateral loss face the (i) greatest problem e+ and
(i1) in which condition' is he at an advantage to a normal
listener ?

a. Speech and noise on side of good ear

b. Speech and noi se on side of bad ear

c. Speech on good ear side, noise on bad ear side

d. Noise on good side, speech on bad side
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6. CROS design can be incorporated into
a. only body |evel aids
b. only ear |evel aids
c. both
7. In the deaf the ears generally behave as narrow band

filters.

a. Low pass
b. H gh pass
c. Band pass
8. Slow play technique of frequency transposition was

descri bed by and

a. Tiffany and Bennet (1961)
b. Harford and Barry (1961)
c. Blackard and Kerry (1961)
9. If speech originates on one side of the head, the signal

intensity will be |ower by dB at the ear on

opposi te side.

a. 6.4 dB

b. 13 dB

c. 7dB
Fill in the blanks

1. When a bilaterally hearing inpaired individual uses one
hearing aid, delivering sound to one ear, it 1is «called

anplification.
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2. \When a person wears one hearing aid delivering sound to

both ears via a Y-card it is cal | ed

anplification.
3. Wearing two separate hearing aids, one to each ear is

call ed amplification.

4. The term squelch effect was proposed by -

5. Inprovenent in sound quality using binaural anplification

is because of , , and

6. CROS is generally prescri bed for patients Wi th

hearing | oss.

7. Pseudobi naur al anplification is available only wth

hearing ai ds.

8. Bi naur al amplification 1is not consi der ed i f t he
di fference between ears through speech range is greater

t han dB.

9, Head shadow effect was report ed by

and in the year

10. Fros is similar to IROCS with the exception that

11. utilizes a conplete hearing aid to the

unai dabl e ear plus a conplete bicros arrangenent.

12. In Bi Fros 270 2 mcs are placed on the and

1 in each
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13. If a standard nold was used with CROS it would result in

14. and are the two approaches

avail able with cros aids since standard nol ds cannot be
used.

|. Match the follow ng

¢ 1. Classic cro a. 1 mic, 2 receivers, 2 volume
/controls, standard mold to
/ poorer ear and open mold to
. ; better ear.

5§ 2. High cros, \ b, Mic on poorer side, receiver
' ) '/ to better side with closed
mold

3. Mini cros 2 mics, 1 amplifier, 1 receiver
\ and closed mold

\. 4. Focal cros 2 mics, 2 amplifiers,2 receivers

with standard molds
b 5. Power cros Mic on poorer side and receivers
on better side, open mold

( 6. Bicrds . No tubing from the receiver
nozzle

More high frequency emphasis
than classic cros

. Mic within the concha
L3 ! * L3 i - -
Criscros . i. 2 mics, 1 amplifier, 1 receiver

//// Mxﬁmm and closed mold

\"“‘*«.
iros / 4. 2 mics, 1 amplifier, 1 receiver
with an on-off switch for each
mic

k. 1 mic, 1 amplifier, 1 receiver
with open mold



II. 1. FROS a. 2 mics, 1 receiver

“ _
2. BIFROSf““-ﬁmﬂ?éii’b. 2 mics,2 amplifiers,3, receivers

3. Double fros . 4 mics, 2 receivers

4, BIFROS-27 d. 1 mic, 1 amplifier, 1 receiver

[11. 1. Bicros a. One unai dabl e ear and one
ai dable with high frequency

| oss

2. Qpen bicros b. Severe bilateral hearing |oss

3. Unicros c. MId high frequency | oss

4. Miulticros d. Profound loss in one ear
noderate loss in the other

5. Iros e. Asymetrical |osses, both ears
ai dabl e

6. Qis-cr,os f. One unai dabl e, one aidable and
a wde variety of |istening
needs.

| V. 1. Tillman, Kasten a. Coined the termcros
and Hor ner

2. Harford and b. Cris cros
Barry
3. Donl avy c. Squelch effect
4. Geen d. Head shadow effect
5. Ross e. Unicros
6. Johansson f. Iros
7. Koen'g , g. Frequency coding

State whether true or fal se

1. Binaural anplification hel ps to overcone the head shadow

ef fect.



10.

VC.
12.

13.
14.
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Monaural anplification for an ipsilateral hearing |oss
creates in essence a unilateral hearing loss wth its
related difficulties.

Less effort is required for confortable [Iistening when
bi naural systemis used.

Sound quality is worse with binaural aids conpared to
nmonaur al anplification.

The Y-cord provides bilateral, not.binaural hearing.

The phase, time, intensity and spectrum cues are
avail abl e from pseudobi naural ai ds.

Pseudobi naur al aids can be used effectively wth
asymmetrical hearing | osses.

Bi naur al aids are prescribed for nost asymetrical
| osses.

The basic cros aids could be prescribed with conventi onal
ear nol ds.

Unicros contains all the conponents of a true binaural
system except that there is only one mc.

Iros can only be used in instances requiring |ow gain.
FROS, BIFROS, double FROCS and BIFROS 270 can be wused
with all ear level hearing aids.

Bifros is not a true binaural system

The transposer devel oped by Johansson cannot be used for

musi ¢ or environmental sounds.
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Name the follow ng

1

10.

11.

12.

The technique of frequency transposition in which high
frequency consonant information above 4000 Hz is shifted
downward into the range bel ow 1500 Hz.

The method of frequency transposition enploying tape
pl ayback of speech at slower speeds than those wused in
original recording.

This design of FROS ains at front back | ocalisation.

The design of FROS which is simlar to Bl CRCS.

The rationale for this CRCS design is that if adequate
gain can be achieved ipsilaterally wthout feedback
there is no reason to |locate the mc on contral ateral
ear.

This design of cros can be considered an epitone of
flexibility.

This instrument can be used as classic cros, bicros,
open bicros or conventional nonaural aid.

This is sanme as classic cros except that there is no
tubing from receiver nozzle.

This is a conbination of nonaural instrument for poor
ear and a classic or high cros for better ear.

This design of cros has the mc placed at the canal end
of tubing or within the aid case.

Cros aids were developed in order to overcone this
effect.

The ability to interpret speech in the presence of

background noi se.
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Koenig's effect refers to this.

Learn through visuals

1. How would you interpret this graph ?
VA NaX
'R IS D [ AN SN S Ope.n.ihold
t
o AN

[T14)

Lo Closemosld

T
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~——

Frequency \ Ry

2. What does this diagram indicate ?
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W
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'r\fe-q Uemcy Cny)
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3. Wha variations of GROS do these diagrams depict ?

Open Mold

Right Ear Left Ear

Sw.
“ Mic.

Closed Mold - Closed Moid
250 500 llez 2kH2 4kHz 250 500 tkMz 2kHz 4kHz 250 500 1kHz 2kHz d4kHz
1
0 Normal or @ 0 0
Hear Normal [} £
20 = T 3 20 20
L. [+{]
40 J\':}_ ;. 40 Typically a | 4G { Aidable |
(=] . —
80 J‘;? 60 body aid user 60 -/\,d\
X & .
80 = o 80 80 y
1 Unaidable £ C X Unaidable H
100 < = &1 100 AN —
X D SEE
How many variations of cros can you identify in this
puzzle. You could move in any direction horizontally,
vertically or diagonally, in all directions,
Cc P ANOQ L F F I 8 8 I 8 0O A S5 O0R
L. C R O P R R Q I M s P RR S T I K
A ¢C M R P &8 O F U 8 ORC S I R C L
s R O I R O 8 L I Z G A E C K E P S
s o R P N TTNUPF®LPTLDSZYE OO
i §$S KM R I R O P E N B 1 ¢ R 0O S R
cC 8§ G Q ¢ A C T Q R U A R 8 F s T F
c I L R H A P R 8§ N V¥V T I 0 O A C E
R N O L L P L P O W E R C R O 8§ C L
o 8 v ¢ B I F R O ¢ A A C C E N Y B
s 0 R-C H G I H A N A I 8 I C L o U
R 0 § PR SR OBUWNSTIH®S P E D O
s x 1 J RO CEKRTUHTATIE A R D



-101-

Answer in one or two sentences

1.

10.

11.

12.

13.

14.
15.

Menti on sone of the advantages  of bi naur a
anplification.

Mention two advant ages of the pseudobi naural system one
t he nonoaur al .

Descri be the classic CRCS configuration.

Mention two advantages of pseudobinaural aids over
bi naural ai ds.

What are the different conditions under which you would
consi der a ear unai dabl e.

Mention a few di sadvant ages of pseudobi naural aids.
Mention some of the benefits of CROS.

Wat are the factors that determne candidacy for
bi naural anplification.

Mention the advantage of using an open nold w th CROS
Mention the two nmethods of frequency transposition that
are used.

What are the major problens faced by a person wth
uni l ateral hearing |oss ?

What are the factors that determne candidacy for CRCS
aids ?

Mention two advant ages of using FRCS.

What do you nean by frequency transposition ?

How does the coding techni que of frequency transposition
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16. Why is binaural anplification not recoomended for nost
asymretrical | osses.

17. Wiat is the disadvantage of the slow play technique of
frequency transposition ?

18. Howwi |l you expand CRCS and FRCS ?
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ANSVERS
Choose the correct answer
1-c 6 - b
2 -Db 7 - a
3 - a 8 - a
4 - b 9 - a
5- (i) d
(ii) c
Fill in the bl anks
1. Monaur al
2. Pseudobi naur al
3. Binaural
4. Koenig
5. Better localisation, inproved speech intelligibility,
greater ease of listening and inproved spatial bal ance.
6. Unil ateral
7. Body | evel
8. 15 dB
9. Tillman, Kasten and Homer (1963)
10. Mc is placed in the frame rather than tenple piece of
eye gl asses.
11. CRCS plus
12. Frame, tenple piece
13. Prevention of the sound entering the better ear
normal | y.
14. No nold or open nol d.



-104-

Match the follow ng
. 1- e 1. 1 - d iy, 1-d V. 1

- d
2. g 2 - b 2 - a 2 - a
3 . f 3 - a 3 - e 3 - e
4 _ h 4 - C 4 - f 4 - f
5 _ b 5 = C 5 = b
6 _ C 6 - b 6 = g
7 - i A 7 - C
8 - a
9 -]
10 - d
11 - k
St ate whet he:r true or false
1. True 8. Fal se
5. True 9. Fal se
3. True 10. True
4. Fal se 11. True
¢ True 12. Fal se
| Fal se 13. Fal se
7 Eal se 14. True
Nane t he follow ng
' 8. Mni cros
1. Coding
9. Uni pros
2. Slow play
10. Focal cros
3. BIFRos 270
11. Head shadow effect
4. Doubl e FRGS
12. Squel ch effect
5 IR® 13. Squel ch effect
6. Multicros
7. Multicros
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Learn -through visual s

1. Wen an open nold fs used there is danping action on the

| ow frequency conponents of speech. A typical <cros aid
with an open nold giVes’ little or no gain below
800 Hz ahd relatively uniforh1gain over-1500 Hz.

It is a diagramatic representation of the frequency
transposition principle. It indicates that the high
frequency conponents above 4000 Hz is shifted downward

into the range bel ow 1500 Hz.

3. Aassic CROS, power CRCS, BI CRCS.

Puzzl e

fE\;P A N o LfF]F I s s I s o A § O R
LIc R o P Ri{RIQ I/M/S P R R S T I X
Alc R P Ss{o|lF/ufs o R ¢ s I R éj)L
s|r o i\\g ols/T z ¢ a E ¢c K E P rEW
s|o R PA\W\T/T g/{§;>L P L DS Y E oOfO
I|ls k M rYXINXR ‘b,/i E N B I C R O SUDR
cls ¢ 9g/c/aXeXT 0 R U A

clI L H/A/P\R\S N V T

RN A AN A (P \0\W
#9 ciB 1 F__EL_(; S
slo/R/A u 6 1 u)a

R ’6' S P R S R 0 B u/N

(g: 1 38R 0 c xk R

Answer in one or two sentences

1.

Better sound | ocalisation, increased speech discrinination
in noise, greater ease of listening, Dbetter spatia

bal ance and inproved sound quality.




2.

7.
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> Both ears are receiving auditory stimnulation
> Somewhat better speech discrimnation
In the classic CROS configuration, mc is placed on the
side of the head with the bad ear, the signals are then
directed fromthe receiver into the good ear by a tubing
or non-occluding type ear nold extending into the open
ear canal.
(i) Lower initial cost than binaural
(1i) Lower operati ng cost t hr ough | ess battery
consunption than binaural aids.
(a) a ear with severe to profound degree of |oss
(b) a ear with severe discrimnation problem
(c) a ear in which wuse of ear nmold is nedically
contrai ndi cat ed
(d) a ear which has a severe tol erance problem
Al t hough both ears are stinulated the discrimnation and
| ocalisation is not significantly better than nonaural.
Since two receivers are wused inpedance msmatch is
created that causes distortion of output signal. And
since the signal is split there is a small loss in the
out put reaching each ear.
> |Increased ease of hearing speaker from the side of
poor ear.

> |Inprovenent in auditory |ocalisation ability.



8.

10.
11.

12.
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> Needs of the client, i.e., whether the client is

frequently confronted wth situations that demand
functional binaural hearing.

Fi nanci al status of the client.

Symmetry of hearing loss, if there is nore than 15 dB.
difference between ears through the speech range
bi naural anplification is not considered.

Al l ows sound to enter normally into the better ear from
t he normal side.

Enhances high frequency anplification.

Mar ked decrease in |low frequency anplification and
concom ttent increase in speech discimnnation.

Leaves the useful pinna resonance effect unaltered.

Sl ow playing of recorded material and frequency coding.
> Decreased speech intelligibility due to head shadow

ef fect.

> Increased difficulty in hearing in groups and in

noi se.

> Auditory | ocalisation confusion.

> The communication demands placed on the person's

heari ng.

> Status of hearing in better ear
> Person's notivational |evel

> Age and age of onset.
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13. > Increases separation between the mc and receiver
all om ng greater gain.
> Decrease in background noises resulting from back to
front head shadow.

14. Conpression of the conponent frequencies of the speech
spectruminto a nmuch narrower band width and shift them
downward into the region of better residual hearing.

15. The coding technique has two channels a conventional
hearing and anplifiercircuit and a transposer circuit.
The transposer channel high pass filters the consonant
i nformation, conpr esses t he band by anpl i tude
conpression, then low pass filters the signal to place
the 3 kto 6 k Hz information into a range below
1500 Hz. This transposed speech is then mxed wth the
conventional hearing aid signal and presented to the

ear.
16. Bi naur al anplification IS not reconmended for
asymetrical |osses as
> The better ear can conpensate satisfactorily.
> The worse ear nmay cause the performance of the better
ear to degenerate through the increased distortion
presented to the auditory system
17. There is marked inpairenent of speech intelligibility.
18. CROS - Contralateral routing of off side signals

FROS - Frontal routing of signals



COCHLEAR [IMPLANTS
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Fill in the bl anks

1. In cochlear inplants conpression of the signal occurs at

t he speech coding unit because

2. If a Cochlear inplant systemhas nmultiple electrodes it

could serve as channel or channel

i mpl ant s.

3. Transmission of information in a multi channel system can

be done in or ways.

4. was the first person to work on electrica

stinmulation of the auditory systemin the year

5. The various systens of cochlear inplants are different in

terns of

: : : and

6. If only one electrode is wused then only
configuration is possible in cochlear inplants.

7. and are the two nethods used to relay

signals from the speech processing unit to the internal
conmponents of cochlear inplant system
8. The transmitter coil in cochlear imants which receives

information from the speech <coding unit is pl aced

t he skin.
9. The transmitts signals to a surgically inplanted
receiver coil placed the skin of the ma"toid.
10. is designed to provide direct stimulation to

the auditory nerve.

11. The receiver coil of cochlear inplants is connected to



13.

14.
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2. is the kind of transmssion in cochlear
i nplants which involves a direct hard wre connection

t hrough the skin via an external plug mnounted on the

skin.

refers to the nunber of differentially
processed signals delivered to the el ectrodes in

cochl ear inplants.
f

is the kind of transm ssion systemin cochl ear

i mplants, where the signal is transmtted across the
skin using a radiofrequency 1link or passive nmagnhetic
i nducti on.

True or false

1

o

The stimulus in a cochlear inplant systemis the density
of electric current flow from an active to a ground
el ectrode.

Cochl ear inplants are designed to restore sone hearing by
bypassing the defective sensory mechanism directly
stinmulating the auditory nerve.

Wth bipolar stinmulation 1in cochlear inplants current

flows froma single active electrode to a renotely placed

ground el ectrode.
Cochl ear inplants use only a single pair of electrodes.

The nunber of channels in cochlear inplants is synonynous
Wth the nunber of electrodes.
Mpjority of the cochlear inplant recepients are post-

lingually deafened adults.
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7. If only one electrode is used in a cochlear inplant only
one signal can be delivered to it.

8. Faci al nerve paralysis could be a conplication of
i mpl ant ati on.

9. In the speech processing unit of cochlear inplants
conpressi on takes place.

10. Cochlear inplant is a type of hearing aid.

11. Gochl ear inplantation enables speech discrimnation at

normal | evels.

Learn through visuals

1, Receiver coil

Microphone Transmitter coil

Speech processor | Electrodes

Here are the basic conponents of a cochlear inplant.
Arrange themin the right order with arrows.

2. The following figure is a schematic representation of
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Choose the correct answer

1. Extra cochlear placenent of electrodes in cochlear
inmplants is usually on
a. oval w ndow
b. round wi ndow
c. antrum
2. Candi dates for cochlear inplants are those with pure tone
hearing threshold
a. Geater than 90 dB HL
b. Less than 90 dB HL
c. Geater than 60 dB HL
3. Intra cochl ear placenment of electrodes in cochlear
implants is on the
a. Scal a vestibuli
b. Scala tynpani
c. Scal a nedi a
4. In an inplant systemelectrical signal from mc is fed
to a :
a. Receiver coi
b. Transmitter coi
c. Speech processor
Puzzl e

What basic conponents of a cochlear inplant can you

identify in this puzzle ?
[ Directions | |, —> <—I , \, |>]
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Answer in two or three sentences

1.

©

In cochlear inplants which kind of electrode placenent is
used nore often ? Wy ?

What do you nean by serial transmssion and parallel
transmssion in multichannel cochlear inplant system ?
What is the function of speech processor in cochlear
| npl ant ?

What are the two basic approachesto process and code
speech for presentation in cochlear inplant systens ?
Mention sone of the factors that determ ne candi dacy for
cochl ear inplants.

How many el ectrodes are enployed in cochlear inplants ?
What are the basic conponents used in cochlear
| nplants ?

Mention a few advantages of cochlear inplants.

What are the nmaj or di sadvantages of cochlear inplants ?
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ANSVERS

Fill in the bl anks

1. The dynamc range of hearing for electrical stinulation

Is very | ess.

2. Single channel or multiple channe

3. Serial or parallel

4. A essandro Volta in 1800

5. Type of transm ssi on, relay system el ectrode
configuration, nunber of electrodes, nunber of channels
of information and pl acenent of el ectrodes.

6. Monopol ar

7. Percutaneopus and transcut aneous

8. CQutside

9. Transmtter coil, under

10. Cochlear inplants
11. E ectrodes

12. Percut aneous

13. Nunber of channels
14. Transcut aneous

True or fal se

1. True 7. True
2. True 8. True
3. False 9. True
4. Fal se 10. Fal se
5. Fal se 11. Fal se
6. True



Learn through visuals

Microphone

!
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Receiver coil

'/,/

> e

Transmitter coil

Speech processor

—4 Electrodes

TRANS MUT,

- MicrO PHONGE
LN _

SPEECH
ProcEssiNnGg
UrT

Choose the correct answer

1 -
2 -

b
a 4
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Puzzle
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Answer in two or three sentences

1. Intra cochlear placenent is used nore often as it allows
for nore efficient stimulation of the auditory nerve
fibres.

2. In parallel transmssion information is sent to multiple

el ectrode sites at the sane tine. In serial transmssion
information is sent rapidly in sequence from _the
processor to the internal receiver and in turn to the
el ectrodes.

3. It manipul ates the signal into discrete electrical or
digital patterns. In addition conpression of the signa

is also carried out.
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Either present all of the information in the acoustic
speech signal or extracting those features that are
believed to be inportant for speech recognition from
the accostic signal and presenting them in a codified
manner .

> Pure tone threshold greater than 90 dB HL

> Post-1ingual deafness

> No physical or nmental contraindications

Single or multiple el ectrodes.

M c, speech processor, transmtter, electrodes.

Decr ease in i nher ent di stortion of anplifiers,
elimnation of feedback, increased fidelity, inproved
intelligibility, elimnation of ear nol d, i mproved

cosmeti c appearance, elimnation of <clothing and w nd

noi ses.

- Surgery is required for insertion, renoval and repair
of device.

- Risk of infection ad irritation.

- Questionable acoustic performance.



HEARING AID SELECTION
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True or false

1

10.

11.

12.

BSERA can be used as an objective procedure for selection

of hearing aids.

Tol erance check is not very inportant for selection of

hearing ai ds.

The prescriptive procedures for hearing aid selection are

obj ecti ve.

Ot hot el ephonic gain and etynotic gain are synonynes of
i nsertion gain.

For very young children generally ear |evel hearings aids

are prescri bed.

ITE hearing aids could be prescribed for severe to
prof ound | osses.

In hearing aid selection for children generally a body
| evel hearing aid with a V-cord is prescribed.

Programmabl e hearing aids are normally prescribed for

fluctuating hearing |osses.

NAL procedure for hearing aid selection uses a 1/2 gain

rul e.

The gain requirements in conductive loss is greater than
t hat of SN | oss.

A master hearing aid duplicates any of the conmercially
avail abl e hearing aid.
| f the dynamic range is less than 45 dB, a person is a

poor candidate for a hearing aid.
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13. In selection of hearing aids the ear wth a better
speech discrimnation should be aided.

Fill in the blanks

1. and are the kinds of procedures that

could be used for hearing aid selection.
The objective nmethods of hearing aid selection include

and

The subjective nethods of hearing aid selection includes

and met hods.

The hearing aid selection technique based on the notion
that frequency response and gain characteristics of
hearing aids should attenpt to conpensate for the

characteristics of a given hearing loss is

The hearing aid selection procedure that I nvol ves
conparing several hearing aids to select the one that

yi el ded best results is

The two main groups of factors that determne a hearing
i npaired adults candidacy for anplification are

and

: and are three non-auditory

factors affecting hearing aid selection.
Wth respect to hearing aid selection it is inportant
that the MPO of the hearing aid selected is

than the paitents TD.
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9. Selection of the type of hearing aids depend on

and

10. Generally ear level instrunents could be used for upto

degree of hearing | osses.

[1. If the dynamic range is greater than dB the

person is considered a good candidate for hearing aid.

12. Testing for hearing aid trial could be or

13. If a person has speech testing is done and if

a person does not have speech _testing is done in hearing

aid sel ection.

14. Non-verbal testing could be or

15. is the increase in SPL at the ear drum wth

the hearing aid in place and operating, conpared wth

the SPL at the ear drumw thout the hearing aid.

16. The terminsertion gain was introduced by in
t he year

17. and " are synonynes for insertion
gain

18. is defined as the difference between unaided

and aided sound field threshol ds.
19. The gain requirement for conductive loss patients is

about percentage of the hearing loss in dBs.
Answer in two or three sentences

1. Mention a few di sadvantages of the Carhart's conparitive

procedure of hearing aid selection.



10.

11.

12.
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What were the salient features of Carhart's conparitive
procedure ?
Mention sone of the auditory factors that affect hearing
aid selection.
Mention sone of the tests that could be wused for
di scrimnation testing.
How does discrimnation testing help in hearing aid
selection ?
Is the eliciation of threshold of disconfort inportant in
hearing aid selection and why ?
If you have to select a hearing aid only for one ear for
a client wwth bilateral hearing | oss, what factors would
you consider in determning the aided ear ?
V\hat are the different variables in heari ng aid
selection ?
In hearing aid selection what is the general rule to be
followed in deciding the ear to be aided based on the
pure tone thresholds ?
VWhat signs of overanplification do you cone across while
doing hearing aid selection for the elderly ?
What are the factors that determne the candidacy for
hearing aid selection for persons wth conducti ve

hearing loss ?

List the nanes of a few conparitive procedures that have

been used for hearing aid selection.
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Match the foll ow ng

1. Lybarger a.
2. MCandl ess and b
Lyregaard
3. Byrne and Dillon c.1/2
4. Watson and d.
Khudsen
e.
1. Wal |l enbels a.
2: Shapiro b.
3. Zelnick C.
4. Cox d.
5. Pascoe and e.
Ski nner
6. Hunes
1. Quality a.
j udgenent
procedures
2. Judgenent of b.
speech

intelligibility

3. Speech c¢ Zerlin (1962)
tracking d. Carhart (1964)

e.

Equal | oudness procedure

1/3 gain rule (revised NAL)

gain rule

PORO

Bi section of dynam c range

Gain = MCL - 60
at any- frequency
at 500 Hz gain = MCL - 70
Gin = Optinum hearing
| evel - 65 dB
Gin = MCL +20-65 dB SPL

Software with three

procedures for UCL-POGO

for gain - NAL-R/ COX
Preferred listening |eve
for speech is assuned

to be at the md point of
the range between the upper
[imts of confortable

| oudness and threshold for
an i ndi vi dual

De Filipo and Scott (1978)

Jeffress (1960)

Pascoe and Ski nner (1976)



V. Hearing loss in dB

1. 0-25
2. 55-80
3. 40-55 C.
4. 25-40
5. 80+ e.

G ve the fornul ae for
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Need for anplification
Frequent need

No need

Part tinme need for
speci al occasions

Great need, partial help
Area of greatest

sati sfaction

measuring the gain and out put

requirement for the following prescriptive procedures of

hearing aid selection.
a. POGO |
b. POXO I
c. NAL
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ANSVEER

True or false
1. True (?) 8. True
2. Fal se 9. False
3. Fal se 10. True
4. True 11. Fal se
5. Fal se 12. True
6. Fal se 13. True
7. True

Fill in the blanks

1. Subjective procedures and objective procedures

2. Inmttance neasures, BSERA neasures, insertion gain
measur es.

3. Prescriptive and conparitive

4. Prescriptive technique

o

Conmparitive procedure

6. Auditory factors, non-auditory factors

7. Motivation, affordability, |istening needs
Less

9. Degree of loss and aff ordability

10. Severe

11. 45dB

12. Verbal or non-verbal

13. Verbal, Non-verba



14.

15.

16.

17.

18.

19.

-125-

BOA or conditioned responses.

I nsertion gain

Ayers in 1953

Ort hot el ephonic gain and etynotic gain
Functional gain

90 %

Answer in two or three sentences

1. >

>

Its too lengthy and time consum ng

The measurenents of full-on gain suggested by Carhart
need not be obtained as they provide little information
regarding the client's aided performance in real life
situations.

Accordi ng to this procedure the instrunent t hat
provides nost appropriate gai n, t he best wor d
recognition score and nost acceptable sound quality
shoul d be selected. But a single instrument may not
meet all these criteria.

Anot her problem so that of method of pre-selection of
instrunments.

It involved training, counselling and a hearing aid
trial period as well as audiometric tests.

Audi ometric tests i ncluded unai ded measur ement s
foll owed by aided nmeasurements with three different
instruments.

Unai ded measurements included a speech reception

t hreshol d, measure of t ol erance, wor d recognition

score.
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> Aided neasurenents included: speech reception threshold
at full on gain and MCL neasurenent of UCL at full on
gain and MCL neasurenent of word recognition at MCL.

- Degree of |oss.

- Type of 1loss

- Configuration of hearing |oss

- Threshol d of disconfort.

- Discrimnation ability

- Dynam c range

PAL-PB word lists, CIDW2 word lists, nodified rhyne

tests, NU-CHI PS, SSI.

Discrimnation testing helps in the selection of the ear

which has to be aided. Cenerally hearing aid IS

prescribed to the ear for which discrimnation ability is

best .

Yes. Elicition of threshold of disconfort 1is very

inportant in hearing aid selection, because the hearing

aid, aclient wll wear nust not anplify signals that

will reach levels that . cause disconfort. Mreover, it

al so provides the dynam c range of hearing, which is. one

of the factors that determ ne the selection of the aided

ear.

The ear to be aided should be

- the ear in which discrimnation ability is the best.
- ear in which there is no recruitnent problem
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ear in which anplification will result in hearing being
restored to as near normal as possible.

ear which has a w der dynam c range.
determni ng which ear has to be aided
determning gain characteristics
determning frequency response

de termni ng nmaxi num out put
determning type of instrumnent
determning type of earnould .

alternatives |ike CRCS aids

The general rule to be followed is that if the hearing

0SS in the better ear is less than 65 dB, aid the

poorer ear. If it is nore than 65 dB, aid the better ear.

10. Stuttering or stopping to respond.

11.

12.

Hearing aids are considered for persons with conductive

hearing | oss when

- surgery is contraindicated due to diseases like
di abetes, ear nalformation, active ear discharge, old
age, etc.

- patient refuses to undergo surgery.

- after surgical intervention there is no inprovenent.

- there is congenital stapes fixation as there is risk
of dead ear if operated.

- Carhart's Procedure(1946)

- Quality Judgenent Procedure by Jeffers (1960)

- Speech Intelligibility Judgenment by Zerlin (1962)

- Speech Tracking by Defilippo and Scott (1978)
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Mat ch the fol |l ow ng

. l1-o0 . 1-D
2 - d 2 - ¢
3-Db 3 - a
4 - a IV. 1- Db

1. a- 2 2 - e
b-1 3 - a
c -3 4 c
d- 6 5-d
e - 4

(a) POXO |

Prescribed gain = 0.5 x AC threshold for frequencies other
than 250 Hz and 500 Hz
At 250 Hz, gain = (0.5 x AC threshold) - 10 dB

At 500 Hz, gain (0.5 x ACthreshold) - 5 dB

Prescri bed out put Average of threshold of disconfort (UCL)
at 500 Hz, 1 kHz and 2kHz.

(b) POXO I
Prescribed gain S di fferent at di fferent

f requenci es.

Frequency Gin
125 Hz (0.5 x AC threshold) - (15 + x)
250 Hz (0.5 x AC threshold) - (10 + x)
500 Hz (0.5 x AC threshold) - (5 + x)
750 Hz (0.5 x AC threshold) - (2 + x)
1 kHz (0-5 x AC threshold) + x
2 kHz (0.5 x AC threshold) + x

4 kHz (0.5 x AC threshol d) + X
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Oif hearing loss is less than 65 dB.

x = 0.5 x (ACthreshold - 65 dB) ,

if hearing loss is

greater than 65 dB.

This uses |/3rd gain rule.

Frequency

250 Hz
500 Hz
750 Hz
1Hz
1.5 kHz
2 kHz
3 kHz
4 kHz
6 kHz

(0.31
(0.31
(0.31
(0.31
(0.31
(0.31
(0. 31
(0. 31
(0. 31

X

X

Gain
AC threshol d
AC threshol d
AC threshol d
AC threshol d
AC threshol d
AC threshol d
AC threshol d
AC threshol d
AC threshol d

+ X)
+ X)
+ X)
+ X)
+ X)
+ X)
+ X)
+ X)

+ X)

[EEN
\‘

NN PR PR e W
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