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INTRODUCTION
It is in YOUR hands!!

Every disability can be prevented from being a nandicap Management methods have
been developed for every kind of disabiiily. Through these methods, the deficiencies, sensory
or motor can be compensated. For example-‘Spectacles’ have been the major line of
management in case of visual impairmant. Similarly, in case of heanng - impairment the major
advancement in management has been in developing listening devices, namely, ‘Hearing
airls’

Of course, the management of hearing - impairment varies according to the type and
degree of hearing - impairment. Management could be either medical or rehabilitative as in
the case of reversible or irreversible cases of hearing impairment, respectively.

Just as in case of visual impairment where the selection of appropriate spectacles
involves a systemalic procedure, so is the case in the selection of a hearing aid. In other
words, selection of a hearing aid depends upon several faclors inciuding the degree of
hearing loss

Hearing aid selection is a complex process. It cannot be selected considering just the
cosmetic value or the pricetag It 1s meant for a purpose! Hence, it becomes necessary that
all the necessary aspecls such as the degree of hearing loss, nature of hearing loss and its
typical characteristics in each individual be strictly considered while rehabilitating the
hearing - impaired individual

Hence, for efficient use of hearing aid, it becomes important, that both the cilinician
and the beneficiary be well informed regarding the various aspects of hearing aids and its
functions. This in turn will help in the maintainance and purposive use of a hearing aid, the
goal being successful rehabilitation of the hearing-impaired.

Among other aspects, information on the electroacoustic characteristics of hearing aid Is
important for the user to have, for several reasons. A hearing aid user must know that he
has a hearing aid appropriate for his needs

Electroacoustic characteristics refer to the input-output performance of hearing aids i.e.
comparing the parameters of the original sound which is presented to the hearing aid and
parameters of the same sound which is recorded from the hearing aid.

A knowledge about the electroacoustic characteristics helps-

In knowing the performance expecled of a hearing aid prior to use.
In differentiating among different classes of hearing aids viz., mild, moderate and strong.
In knowing about the performance during use and if the characteristics have changed
subsequent to use.

In knowing the performance of a hearing aid after repair and noting changes, if any.
In procuring the appropriate hearing aid, appropriate to meet as prescrioped by the
audiologist.

It is not just the name or brand of the hearing aid according to which a hearing aid is
prescribed, but a hearing aid with certain performance characteristics is important as the
user is concerned. so, to know whether the hearing aid is functioning well or not, it is
better to find out and have information about the electroacoustic characteristics of the
hearing aid in question.
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And, for efficient use of a hearing aid, it is better to know about different parts of the
hearing aid and their functions.

HEARING AID: AN AID FOR THE HEARING-IMPAIRED
A hearing aid is an instrument that presents sounds more effectively to the listener's

ears. It collects sounds from the environment, amplifies them and feeds to the listener’'s
ears. It will help to hear speech or other environmental sounds, by making them louder to



the extent ai which user can comfortably nesr them So, i recommended ior the usz of
people with hearing loss

Thus, the function of a hearing aid 1s tc increase the loudness of the sounds, so that
they become audible by the user A hearing aid does nol improve the hearng capacity of
the user, it just makes the user able o hear sounds & heanng ad cannol be a subslilute
for a normially functioning car .

Those types of heanng imnparrments which canno! be helped by any medication or
surgery can be helped by rneans of hearing aid

The day-to-day communicaiion of a deat person is alfecied withcul a hearng aid, as
he luses counlact wilii the enviunmenl

Hearnng aid 1s wuseful in both unilateral and bilateral hesnng loss cases  Uniateral
meaning hearing impairment in one ear bilateral meaning heanng impairment In bolh ears

Hearing aid users musl know important parts and curce of heanng aid ogeration, o
effective usage of ther aid for longer periods of time

Hearing aid can be used for a child who s deaf since birth it enables such chidren
lo learn tc hear speech and other environmenial souds around ihem It czn be used
for those people who have acquired posi-linguai hearng loss e, (he cases, In 1
hearing loss occurs after they have learnt (o0 talk Hearing ad brings thern Tack
hearing world

I

So, a hearnng &'d improves the loudness of speech and other environmenial sounds

There are two major types of heanng aids-body level hearing aid, and ear-leve heanng
aid (Behind-the-Ear

-Body level heanng zaids zie worn on the body, either in shiri pocket or  necial
harness or clipped ‘o the clothing. A wire (cord) runs from the aid lo the recewer ai e
ear. They are most often rectangular in shape

- Ear level hearng aids rest befind the ear with a plastic tube, inslead of a wire
(cord)

How does a body weorn hearing aid look?
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1. On-off switch 5. Battery Compartment
2. Volume Control 6. Clip
3. Tone control 7. Cord
4. Microphone 8. Receiver



How does u behind the ear heanng aid look?

On-oft switch
Volume control

Tone control
icrophone

Battery compartment
Hook

Plaslic tube
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A hearing aid has many componentis. They are -

- Microphone Amphifier
- Recewver - Power supply (Baliery)
Microphone - It picke up sounds from the environmen!, changes it nto the electncal

signal and passes I o the nexi part ie, amplifier

Amplitier - It amnplifies 1e., increases loudness of the sound with the help of power
supply from the battery

Receiver - As the name indicales, Il recewes the amplitied electrical signal from the
amplifier, converts it into sound signal and sends to the listener's ears.

Power supply (Battery):- As in Transistor radios and Taperecorders, battery helps in
functioning of the hearing aid Amplfier needs power supply to increase the level of the
sounds reaching the ear

How sounds travel through the hearing aid to the users ear?
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The other parts of a hearing aid are-earmold, cord, volume control, on-off switch
Accessories of a hearing aid are - tone control, telecoil.

COMPONENT DETAILS OF A HEARING AID

Earmold: An Earmold is a plastic insert that couples the receiver of the hearing aid to the
listener's ear.

Microphone: Microphone is an important and delicate part of the hearing aid.
It is a device that converts acoustic (sound) energy into electrical energy.
Microphone picks up the sounds from the environment, which are then converted into

electrical energy. This electrical energy is then passed further, for the process of
amplification.
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of the microphone in the hearing aid 1s important because the

are picked up most re

Types of microphones:

Directional - These microphones pick up sounds only fiom € cially the iront
of the hearing aid. They are 15-20 dB more unds  criginating  from
than the sounds originating from hor are useful, when spe

5 h (o es, a

are mixed with >kground  noise by u
concentrate on the speech signals, he wants to hear, especially n noisy situations

pick up sounds from all directions
nted signals also, such as
omes unclear

Omni or non-directional microphones - These microphot
But, the problem with such microphones is that, it pick
background noise. Hence, the speech signal reaching listerer's ears

up unw

Basically, the microphones usec in a hearing aid aie
1. Magnetic 2. Ceramic or piezoeleclric 3. Electret

These types are depending on the materials used inside the microphones an
principles of their operation. A particular microphone is selected according to the type of
hearing aid and requirements of the ring ai An al microphone should have a fla
frequency response over a wide range of freguencies

1. Magnetic:- They have a rather ideal frequency response over the of
frequencies most important for speech ie., mid fre es (frequencies around Hz)
Very high and low frequencies are not amplified. Since the frequency response of type
of microphone is not flat over the required frequency range they are not very i -~pular as

compared to electret microphone

R o 2 Ceramic or Piezoelectric:- They respond

equally to sounds over a wide frequency spectrum
/ i.e., upto 20,000 Hz. They also permit amplification
of extremely low frequency sounds reaching 3
hearing aid. But they are sensitive to shocks ana

FREQUENCY (Hz) drops

INTENSITY (dB)
\

S A S
\
/
w

(dB)

Electret Microphones:- They are the mcsl
opho 3
flat frequency ponse across a wic
requency range i.e., upto 20,000 Hz. They are le
sensitive to shock than ceramic microphones
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Out of three types of microphones i.e., Magnetic, Ceramic and Electret, Electret
microphones are used more commonly in hearing aids

Amplifier :

Amplifier is the most important part of the hearing aid. It takes the weak electrical
signal from the microphone and increases its power by taking extra energy from the battery
attached to the hearing aid

It consists of many small components which work together in amplification of sounds
The amount of amplification depends on the requirements of the hearing aid. In case of
strong hearing aids, the amplification of electricai energy is more, so as to enable the
listener to hear speech sounds at higher levels. For example, for an individual with 80-90%




amplification

A hearing aid system

Types of receivers

Basicaily, there are two types

1. The air conduction type receivers:- These are the types of receivers that are
connected to the earmold and then placed in the external ear
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2. The bhone conduction type receivers:- These aie ihe types of receweis (hat aie
placed on 2 bone (the mastoid borie) behind the ear as in case of behind he ear

‘1
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The air conduction receivers can again be classified as -

a) External receivers: These lype of receivers are used m the pockel lyp heanng
aids which are worn on the body by the user

b) Internal receivers: These lype of recewers are used in behind-the-ear aearing
alds
They are also used in eye glass hearing aids that are used by those individuals
with both visual as well as hearing impairment. These recevers cannot be seen
outside as they are placed inside the hearing aid case.

How to achieve proper functioning of the receiver:

The maximum benefit from the hearing aid can be obtained by using the type of
receiver that matches ihe hearing aid system, that is, there snould be impedance maliching
between the two systems, the receiver and amplifier of the hearing aid

What is impedance Matching'?

In all electricai and electronic circuits, it is necessary that the input and oulput
impedances should be egqual or atleast in approximation For example - The oulput
impedance of microphone should be equal to the ampiifier input and cutput impedance of
the amplifier should be equal to the receiver impedance

The term impedance means, reactance (resistance) o current in a circuil, l.e. it i1s the
obstruction to the flow of sound energy/electrical energy.

In hearing aids, the impedance of the amplifier should match the impedance of the
receiver for maximum transfer of energy from amplifier to receiver If this condition is not
satisfied then there would be impedance mismatch between the circuits of two devices,
which results in -

1) Loss of signal
2) Distortion of signai.

For example . Impedance of the ampilifier
Impedance of the receiver

X
¥

a) Impedance matching-X = Y — maximum transfer of energy.



0} Impeaance mismatch

iy X is higher- The ocutpul would be ! $0 18ss oulpul g recever
W) Y is higher . Though amplifier 1s 3l ng smooth flow of energy, as impedance of
receiver 1s high, the output will decrease

So, w a3 hearing aid. for the most effectve output of sound sana. ihere should be
impedance maiching between the components of a hearing aud,

S WASHERS ©
! The washer 1& = small periorated disk of metal mihber or plashc vsed
\ 10 tighten the joints
Plastic are used e gap belween the
clewers and earmolds, o prevent lea e esar

Plastic and Metdal rings:

The earmolds have a hole al the Dase. (o which the receiver 15 fixed This hole s
bounded by a nng which can be made of plasic or melal Selecuon cf the ring depends
on the case's requirements

Piastic nngs are lighter, and comioriable. But they are less dureble and ring fixing is
cumbersome  The earmold should have targer nole for fixing plastic nng, so it the base of
the mold s smaller as in the case of children, then this ring cannol be used. The Diameter
of newily developed plastic ring not tig and hence can be fixed (0 earmclds of small
chidren

&lso, in those people, who stay at far off distances and cannot visit the clinic very
olten, plastic nngs cannct be used becauss of ther shorter durability

Metal nings lasl longer and fixing of ihese rings is nol much cumbersome. So, they
can be used in children and paii=nis who stay at a distance from the place as they have
longer durability

Points to be considered in purchase of receivers:

1. Which type of receiver 1o buy 1e., ar conducticn or bone conduction receiver

2. The user should purchase a recewver piescribed Dy the audiologist e, always a
malching receiver should be purchased

3. Washer on the receiver should be intact, to avoid leakage of scund energy

Cell: Hearing aid requires a battery for its operation. Different types of hearnng aids
use different types of batleries. For example, a body level hearing aid requires a pentorch
(R6) cell for its operation. Similarly, BTE requires a button cell for its operation

Size: Hearing aid cells come in various sizes. For body worn hearng aids, cells used
are similar in shape. They are the cells used in smaller flash lights and are calied ‘Pentorch
cells’, commonly they are also known as ‘pencil cells'

But for a hearing aid worn behind the ear or in the ear or spectacle type hearing aid,
much smaller cells are used, which are flat and round !lke a button, so are known as
‘Button cells’

So, every hearing aid user must remember that he should use the appropriate type of
cell for his hearing aid, to get the best from his hearing aid

Voltage: Every hearing aid user should see that a cell provides the necessary voltage
required for functioning of hearing aid. Usually, the pentorch cells and button cells (nor-
rechargable) type are designed lo give 15 volts at 450 man and 135 V 80 mah
respectively When the cell voltage goes below 1.2 volts, the cell has to be replaced

Cell life: How long a cell lasts, depends upon the power reguirement of a hearing
aid. In a strong hearing aid, the cell life will be less than a moderate hearing aid i.e. the
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celi life depends upon the efficiency of the microphone. the amplitier and the receiver of the
hearing ald and aisc on the velume contiol setiing

Process of recharging: Generally nickel-cadmium celis are rechargeable. These cells are
rated for 1.2 volts instead of 1.5 volts at 45¢ mah. To gel maximum iife from these type of
cells it is a good vractice to recharge *these cells before vollage dions below 30% raled
voltage. a rechargeablz baitery can be charged upic 500 umes. *

Points to remernber :

1. Maximurn cell life can be achieved with daily use and daly recharging.

2. Charging requirements should be met daily regardless of hours of use, It ensures
ihai the cell 1s never completely discharged A celi should alieast pe charged once
thres days, if it is kept without recharging for more than three days, it gets discharged
A cell should be charged at the rated curreni for specified number of hours
Recharged cell lasts for approximately 12-18 hours depending on hearing aid tvpe
After repeated recharge, ie., say aiter 500 umes of recharging process, cell gives
short life and so it must be replaced

asw

Guidelines for the effective use of a hedaring aid cell:

1 Each cell is marked with + & - marks for its terminals. Similarly baitery

compartment is also marked with + and -marks for its terminals. When one places

the cell in the battery compartment he/she should ensure thal + marking of the cell

corresponds to + marking on the battery cornpartment.

Before replacing the cell in a hearing aid, the hearnng aid should be swiiched off.

The cell shouid be removed from the hearing aid, if the aid is ~ot being

continuously used, otherwise hearing aid conslantly consume current frorr the cell

Hearing zid may also get damaged, if the cell staris Ieaking.

4. If the cell terminals or contacl surfaces get corroded, they can be cleared with
knife or blade, gently.

5. The user should always keep a spare cell with him.

wm

Once the hearing aid use has been stabilized, he should keep track of the average life
of the cell. It can be decided depending on for how marny hours in a day he uses the
hearing aid. This average serves as a figure io aleri the user to the lime, when the cell
funclioning may fail.

EARMOLD:

An impcrtant part of the hearing aid is individually molded earpiece or insert. li is
made of a rnalerial called ‘Acrylic’.

The earmoid physically attaches the hearing aid (o the delicate parts of the ears and is
designed tc conduct the amplified sound from the oulput receiver of the aid into the
earcanal as efficiently as possible. It seals off the ear canal ic help in eliminating the
annoying squeal sound somelimes heard from a hearing aid which might interfere with
speech perception and o fit the recever efficiently in the ear
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So, the sarmold is more than just a sound channel, a good earmold will maintain the
important balanced envelope of sound selected for the user and provide ulmosl comfort o
the user

il not coupled properly, it aflects sound energy reaching the =ar

Ways of making earmolds :
1. Custom earmolds - They are made from the impression laken of the heanng aid
usei's ears, both night and left ear
2. Standaid eammoids .- They come in vaiious sizes and person car chocse the
appropriate earmold depending on his ear size
It is better to have custom earmolds as they are exacl copv of an impression of an
indiviciual person's ear. so they fit properly. Slandard earmolds may not fit properly in the
ear.

Another type of ear insert is provided oy the hearing aid dealer which comes in the
form of a ear-lip or a small plastic lube. Bul they don't fit propeily in the ear and may fall
off So, it 15 always advised lo use a cuslom earmold with the hearing aid Facilities for
making custom earmolds are be available at some of the speech and hearing centres

How to attach receiver to the earmoid?

The recerver is made with a small tube like projection at 'nub’ on its face that snaps
into a recess in the earmold and is held there by a ring n the earmold The sound passes
through this nub and through a hcle drilled in the earpiece and is delivered well down in
the earcanal of Ihe ear

Different earmold styles in use today coe -
There are different special types of earmolds that are used with different hearing aids, as -

1) Receiver mold-1s used with both body level and ear level hearing aids with an
external receiver.

2) Shell mold-is used for hearing aids with internal receivers, used with very high gain
ear level hearing aids

3) Skeleton mold - used with moderate gain ear level heanng aids

4) Carnal mold-used for moderate gain 2ar level hearing aids and has maximum

cosmetic appea!

5) Canal lock mold - used with moderaie gan hearing aids and allows oproper fitting of
the sarmold inside the ear

8) All-n-the ear mold - designed to couple and hold i ‘all in the ear hearng aid
the ear.

According to the requirements of the user and lype of hearing aid used, earmold is
prescribed. But, it is always beller 1o have cuslom earmold, as it 1s the impression taken of
the individual's ears
Purchase of the earmold :

1

Appropriate type of earmold should be purchased
2) Incase of custom earmolds, even in standard earmolds, it should fit properly in the ear.

3

Receiver should fit properly into the earmold, so that the receiver does not revolve.
if it does revolve, the ring of the earmold should be got fixed properly.

4) Earmold should not be broken, even if one part is broken, it will not fit properly
intc the ear and may fall off.



10
CORD:

The cord is 2 thin flexible wire that carries the amplified signals from the ampiifier to
the receiver, e, it connects the amplifier with the receiver

As the ordinary electrical wire carries the eleclrical energy, the hearing aid cord alsc
carries the electrical energy trom the amplifier to the recewver (It 1s a very thin, flexicle and
delicate part of the hearing aid.) At both ends of the cord. plug pins are attached to
connecl it with the hearing aid ard receivers It is a premolded wire which cannot bé
repaired for its re-use

Pins of the cord
Hearing aid cord has either two pins or three pins, like a regular plug pin In two

pinplug one pin is thick and lhe other one is thin In three pin plug centre pin is longer
than two side pins

Types of cords:
There are three types of cords as: 1) Single or 'S' cord
2) V' cord
3) 'Y' cord

The use of the cords depends upon whether a single ieceiver or two receivers are
used. With a2 singie or 'S’ cord, one receiver is used. With V' or 'Y' cord, twe recevers are
used. 'S’ and V' cords are used more commonly. 'Y' cord is used rarely

Single ccrd s used in cases who need hearing aid in one ear only, whie V- Y cord
is used in cases who need hearing aid in both the ears

'S'CORD
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One end of lhe cord 1s connecled o the body of hearng aid, called as ‘angle flex
pont The other end s connected to the heanng zid receiver, called as ‘adiflex’ point

A ‘&/}ADIFLEX
v/

Minimum length of the hearing aid cord according to ISl should be 50 cms. Such a
cord is used in the hearing aids which are pocket type te.. worn on the body of a person

In some types of hearing aids worn behind the ear, instead of such long cords, flexible
plastic tubing are used for conduction of the sound energy

Purchase of the hearing aid cord: Points to be noled -
1) Whether it is ‘S", V', or 'Y’ cord as prescribed by the audiologist.
2) Whether it is 2 pin or 3 pin cord.
3) Cord should be checked carefully to detect any breaks along its length

4) Length of the cord should be 50 cms
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5) User should ensure the lype of the cord ie., whether he requires AF1 or AF2
which is shown in the figure

¢

Care ot *he cord:
1) As it is the most delicate part of the hearing aid, it should be used careiully

2) In body level hearing aids, aids are placed away from the receiver as far as
possible without straining the cord to avoid squaling

3) The cord should not be knotted, twisted or coilled, as it causes breakag - n the
cord, results in intermittant contact Cord should not be twisted or pulled

VOLUME CONTROL:

It 1s similar to 2 volume control on & radio or a TV A hearing aid usei .ceds
to adjust the sound intensity he is receiving. The volume control heips to adjust (e
amplification, however. it does rot alter the input sound to the aid. Il just helps to
adjust the amount of amplification of the input signai i.e., gan of the hearing aid,
most useful for the hearing aid user

Most of the hearing aids have a dial or serrated wheel that serves

aﬂma as a volume conirol. It has numbers marked on i, to indicate the

ﬂg Q level of the output of the hearing aid reaching the ears Usually,

‘Q lhe numbers range from 1 to 8 or 9, 1-indicating minimum gain
9 indicating maximum gain

Care of the volume control:

Volume control wheel s also Gelicate, so 1t should be handled gently
It should be kept on the position advised by the audiologist
It should be cleaned regularly by a brush

(SIS

ON-OFF SWITCH :

Equipments like radio, T.V., lape i1ecorders have con-off swilch In the same way,
hearing aids also have on-off swilch tc make and break the circuit depending on the
position it is placed. Wher the switch is on the "ON' position, it allows the passage znd
amplification of the sound ie. hearino aid functioning. When the switch is in the 'OFF
position, il breaks the circuit, thereby stopping the hearing aid functioning Hearing aid
should be swilched off, if the hearing aid is not in use. Before switching on the hearing aid,
volume control should be kept in the minimum position. It should be switched off, while
changing spare paris of hearing aids as battery, cord, receiver or earmold.

Switch should be intact, any breakage would hamper hearing aid functioning

ACCESSORIES OF THE HEARING AID
i) Tone Control:

Tone control is one of the important switches of the hearing aid. Tone control consists
ot difierent filter networks which transmit only a band of selected frequencies of signal from
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mictophone 1o ampiifier 1 controls the lonal quality of the output. Tone control swilich helps
lo seiect different iypes of such fiters such as L N H.

Internal Structure 1 Q
internc e ONE CON TP.L,L T//.(/

g4

)

Tone control 1s marked H, L. N. 'H' being
high  frequency emphasis, 'L° being low
frequency emphasis, '‘N° Normal ie, no special
emphasis on the nigh or low frequencies

Function :

Thus, i the user needs more of hign
frequency emphasis, he may be advised 1o turn
the tone control 1o a posiion marked 'H' For
low frequency emphasis. tone control may be
adusied to ‘L', otherwise o ‘N° The tone
controi should be sei !'o the pesition prescribed
by an audioiogist for best performance

ii) Telecoil

Hearing aids with telephone pick-up coii or lelecull i1s an advantage because they allow
the user to use the telephone without the interference from background noise

Mode Switch:

Hearing aids with this component have either a two or tiree posiion switch that allows
use of the microphone alone, ie., ‘M, the telecoii alone ‘T'. or both together ‘MT' If the
switch is adjusted to ‘T’ position, the microphone i.e., ‘M' is cut off 'MT' means the user
can listen to the telephone and also the background speech ie normal conve:caiion can
be used simullanecusly

When the switch is adjusted to ‘T" position, the tslephone receiver should be held
against the microphone of his hearing aid and not on the ear of the user

Thus telecoll 1s a very useful option for those heanng-impaved who are irequent
telephone users

Use:

Every user must learn about telecoil manipulation and switch position. Otherwise, he
switch may be inadvertently moved to the telecoii position. in which case the heaiing aid, in
general use, will deliver no useful signals.

DECIBEL

Most of the quantities are measured in fixed units as feet, meter, kilogram, etc. For
example, when we say that the dislance between two points is 20 melers, we mean thal
the distance between the points is 20 times greater than one meter. For measuring sound
intensity we use a unit, watt/cm?.

But, it is convenienl to measure sound intensity along the ‘decibel scale’ It iz most
often dencted as ‘dB".

Decibel 1s a very important term for a hearing aid user, as the amount of hearing loss
he has, is expressed in decibels. Also the gain of a hearing aid is expressed in descibels
How powerful a hearing aid is, is also measured in decibeis. Thus. decibel is an important
concept lo become familiar with
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Decibel is nol an absoiute or fxea unit such as grams,  mefer, ieel. but stll it 1S
convenient to use. It is expressed in logarithmic scale It refers to a logarithmic ratio
between two Qquantities. It is a ratio betwesn lwo quanlities, a measured quantity and &

quantity used as a reference. The quantity used as a reference is predetermfned”For
example, if the measured quantity is 25 and the reference poinl is also 25, the ratio wili be

22T (25125 = 0)

Thus, in case of hearing aids, the dB gain 15 the ralio between a measured quantity
ie. the output of a hearing aid (level of sound that is coming cut of the heanng aid} and
the reference point i.e., the input to the hearing aid (level of the sound thal is entering the
hearing aid). This calculation helps one to know the amplification capabilities ¢f a hearing

aid

ELECTRO-ACOQUSTIC CHARACTERISTICS OF HEARING AID

Electroacoustic characteristics help in knowing the input-output performance of the
hearing aid, and depending on these perforrance characteristics a particular heanng aid is
prescribed. These characleristics are as foliows -

Gain:
Gain is an important characteristic of a hearing aid, that the user must know aboul

Gain is defined as the increase in the signal power that is produced by an amplifier
usually given as the ratio of output to input voltage, expressed in decibels

Gain is measured by determining the difference in decibel belween the level of the
input at the microphone and the leve! of the output at the receiver For example, { input=x
and the output =y, then gain is = (y-x) dB i.e., (o/p-I/p).

Gain is the term used to describe an increase in loudness of a signal as in hearing
aids. Gain of the hearing aid is the amount of amplification, it provides. Thus, it gives an
idea as to how much of a boost, a hearing aid can give to sounds. The unit of gain is
decibel (dB). Gain of a hearing aid is expressed in numbers as 30 dB, 45 cB etc. A
higher number indicating higher gain.

Depending on their gain, hearing aids can be classified into different categories, as
mild, moderate and strong hearing aids. This classification has been derived on the basis of
hearing impairment levels in the audiometer i.e. for selecting a hearing aid that has a gan
equal to the hearing level established by the audiometric tests

The gain of a hearing aid is adjustable with the help of volume conlrol. As the volume
control is increased, the amount of gain also increases. Bul once lhe volume control is
rotated beyond 50% of the tolal range, the amount of distortion increases.

Determination of the amount of gain required by a hearing impaired individual is based
upor ‘most comfortable level' of a patient i.e. it is the level at which the patient does not
have to put extra effort in listening and sounds are amplified appropriately to fulfill the user's
requirements. The sounds are not too soft or not too loud.

The signal sent through a hearing aid for calculating the gain, 1s a series of puretones
of varying frequencies, but all being at the same intensity level
Type of gain:

Gain of a hearing aid can be measured in different ways. They are taken into

consideration by a hearing aid manufacturer in the process of manufacturing the hearing
aids. They are -

1) Peak gain 2) Average gain 3) High frequency average gain.
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1) Peak gain- |l refers (0 the maximum gain of a hearng aid Il 1s the point on the
gain curve at which the gain s maximum It 1s important to know the dB level of the peak
gain and also the frequency at which it occurs. Example -
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Peak gain = 40 dB at frequency of 1000 Hz

It Is important because the user's comfort setting a hearing aid will be determined
primarily by the peaks in the response. For example-If a particular patient requires an
hearing aid with a peak gain of 50 dB, but the aid used has a peak gain of 40 dB. In this
case the gain of the user's hearing aid will be reduced because of the peak, which might
result in insufficient amplification for the patient

The user should find out this peak gain of his hearing aid and the frequency at which
It was obtained

2) Average gain:-lt refers to the average value of the gain at three frequencies. The
average gain is measured at 500 Hz, 1000 Hz and 2000 Hz. Example -
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Average gain = ﬁ



3) High mrequency average gain or HF average gain- HE average gain reters to the
average value of the gain at three higher frequencies e 1000Hz, 1600 Hz and 2500 Hz
txample -

Average gain = Eioie
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There are three more parameters that are used by a ciinician in prescription of a
hearing aid in collaborztion with the three previous paramelsrs: they are -
1) Functiorial gain
2) insertion gain
3) In-situ gain

1) Functional gain - Functional gain is the difference between the unaided ang the aided
responses of the hearing aid user at the audiomelric frequencies (e, from 250 Hz 1o
8000Hz)

Here, meaning the responses of the user without the hearing aid and aided are the
responses of the user when he is wearing a hearing aid.

Functional gain 1s measured behaviourally. It is a subjective method of measurement as
the responses depend upon the user

Unaided Threshold Aided Threshold

LOUD .
SPEAKER
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Y Insertion n-It is the difference telween the sound nressure level mezcsured near the
= gain s the erence pres

eararum, with and without a heanng aid

It is measured electrocoustically, i.e. it is an objective method of measurement of gain,
where the usar does not have te indicate the response, they are recorded with the help of
an nstrument.

Unaidea Threshold Aided Threshola

~ LOUD_—;
SPEAKER

/ e
SOUND PRESSURE "
MEASURING INSTRUMENT HEARING AID .@
) ~A N ; et

3) In-situ gain-It s the diflerence belwen the sound pressure levels at the eardrum of
the patient using a hearing aid and a [ree-field sound pressure level at ihe positicn of the
subject, when the subject is not present.

In-situ Gain

~ SOUND PRESSURE
obo| MEASURING
o a| INSTRUMENT




It '« measured electrcacoustically, ie. it i an gbjsctive method of measurement

Gain of a hearing aid varies zcress frequencies depending on the characteristics of
ndindual heanng aid. it differs depending on the parts used in construction of a heanng
aid so the gain at some frequencies may be more than others ie. the heanng aid may
boost cerlain fiequencies o a grealei extent A hearing aid can be Jdesigned to give more
gain at higher frequancies and less at lowei frequencies oi vice verse, depending on ihe
user's requirements.

Autematic gain control hearing ads:-

e narial -1

In som ing aids, a special circull may be addsd, to aulomaticaly reducs ihe gain

when sound ©

ear

rosses the present limit of the hearng aid

This is done so that the sound level rzaching ihe hearing aid user does not cause
pain to the user. Such kind of circuits are used in some special hearing aids as ‘automalic
qain control hearng aids’, which are giver to people who cannot tolerate very loud sounds
ie even if the sound reaching the mictophone of a hearing aid (input) s very loud, the
output 1s autornatically contolled to reduce the gain of the hearing aid, so thal it does not
cause discomforl o the user

Based on gain, different heanng aids can be calegoiised as mild (31-52dR)
moderaie (41 -62dB) and those strong (58 oB and above)

Gain characteristics are considerad in terms of the clienl's hearing loss and the amount
of ampliication needed to compensate for that hearng 10ss 1Le & person with a mid
hearing loss would nol be a candidale for a heanng aid in the steng category as f would
be too powerful for him. At the other extreme, @ mild gain hearing aid would not be
selected for the indiidual with a severs hearing loss, as the hearng aid would not be able
to provide sufficient amplification \o compensate for the loss

Body worn nearing aids are designed to help individuals with rmild, moderate and
severe impairment, as they come in all these categories ie. mild, moderate and strong gamn
hearing aids

Behind the ear hearing aid are designed to help most individuals with mild moderate
hearing impairment, the gain of the hearing aid being upto 65 dB.

In-the - ear hearing aids can provide the gain values upto 45 dB ie can be used to
help the individuals with mild hearing - impairment

Another type of hearing aid is Eyeglass hearing aids, where hearing aid circuit is
mounted inside the rm of the spectacles. It can be used in those individuals who have a
dual impairment ie. visual and hearing. Gain of such hearing aids is upto 65 dB, it can be
used with the persons having mild o moderate hearing - Impairments.

Summary:
Thus, in manufacturing of hearing aids, 3 types of gans are involved as

- peak gan
- average gain
- hugh frequency average gain.
A clinician makes use of three more types of gains in addition to the above three. for
prescribing @ particular hearing aid. These are -
- functiona! gair
- insertion gain
-in - situ gain.
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Hearing aids can be calegorzed es mig, modeale and shong yan hearing aids
depending on their guput characteristics

FREQUENCY RESPONSL:

Sounds of various lrequerncies (sach Ine heanng &d miciophione These sounds can bDe
oi low fisguencies e low pilched or high fiequencies 12 high pitched of (e which fail
in between these iwo, they are mid-requency sounds. The heanng ad may not amplify all

lhe sounds to the same exlert it shows preference tor some frequencies by making them
louder, Whl|F' other scunds are noi made louder 1o the same extent Depending on the
nature of the componsnts of a hearing aid, some amptified

mare efficiently than others This relalion between eqi JF‘I’V‘V and arupllflc»ﬂloﬂ awes the
frequency response. It is a graph of acoustic output of 5 hearing aid against ihe lrequency
of the input signal This graph depicts, for each frequency, the amount by which the
instrurnent amplities the incoming signal. In this frequency response curve, e pallern of
amplification provided by the hearing aid may be varned according o its components

As we measurc the heanng sensitivity of (he individual, so do we measure the
sensilivity of ihe ampliying svstern at each frequency, in a frequency response curve

To find out the frequency response of & hearng ad, sounds of dilferent !requencies
can be sent through the micrephone 3t one end and measured ai the oiher end, when they
come out of the recewver This graph can be shown as -
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= =
Z z

FREQUENCY (Hz) FREQUENCY (Hz)

(Hertz - Hz being unit of frequency)

The slandard freguency response i1s generally obtained al a lower gain sefling ie,
volume setting than the maximum possible setting Frequencies from 300 Hz te 5000 Hz are
all sent in at the same nlensity ievel Frequency response characteristics of many aids do
nol, generally, extend beyond this range, as good comprehension or understanding of
conversational speech, can be achieved within this range of 300 Hz to 5000 Hz

Though frequencies from 300 to 5000 Hz are sent in at the same intensity level, when
they are measured on coming oul of the receiver, some frequencies are found lo be al a
higher level than the others, giving a frequency response curve

FREQUENCY RANGE :
The frequency range of an aid refers to the useful range of the frequency response It
is expressed by two numbers, one representing the low frequency limit of amplification and

other high frequency lirmit, both the «umbers sre expressed in Hertz (Hz).

Thus, from the frew ~_, response curve, lhe frequency range ‘or the hearng aid can
be calculated.
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Wiih each heanng aid, the manufacturers are expected io. supply the information
regarding the frequency range of the hearing aid. The user must be aware that the
frequency responsz of the hearing aid anc for calculating the irequency range, siandards
are specified by the Mational Standards Institution Also, the hearnng aid user may ensure
that the frequency range specified by the manufacturer is rneasured and calculaied as per
the prescribed procedure by this Institution .

SATURATED SOUND PRESSURE LEVEL OR MAXIMUM OUTPUT LEVEL (SSPL):

It is the sound pressure level obtainaole in the coupler from the recewver of a hearing
aid at any frequency from 200 Hz to 8000 Hz. it is the outpul level that cannot be
exceeded, regardiess of how far the gain control or voiume control 1s turned or how intense
the input signal 1s ie., even it the input is increased or gain control is tuined to maximum,
the output does nol exceed certain level. Maximum sound pressure level at all frequencies
must be less than the sound pressure level that causes discomfort or pain at that
frequency. The graph of maximum sound pressure level is as follows

h

MAXIMUM
SOUND PRESSURE LEVEL

200  FREQUENCY 8000 Hz

This maximum output can be used as a safety factor against sounds that might be
harmful or uncomfortable.

EQUIVALENT INPUT NOISE LEVEL:

This term refers to the noise heard from the hearing aid, even when there is no sound
reaching the microphone i.e., the difference between the noise when there is input and no
input is the noise generated by the circuitry of the hearing aid. The moment a hearing aid
is switched on this sound starts coming.

This sound should not exceed the maximum limit that is specified in the standards for
a parlicular model of a hearing aid. These standards may be national or international

DISTORTION :

Distortion occurs in the hearing aid, when the output signal differs from the original
signal, in other words, distortion occurs when input sigral is not faithfully repreduced.

As distortion increases, it becomes difficult to identify the original signal. Therefore,
distortion should not exceed a particular limit, which is usually expressed in percentage. For
example, if the limit is x%, then it means that the level of the distortion products should not
exceed x% of the level of the original signal. Thus, the word distortion refers to any change
in the original sound signal.

Types of Distortion :
The main types are: Harmonic distortion and Intermodulation distortion.

But only harmonic distortion is included in the present Bureau of Indian Standards
pertaining to hearing aids as it is easily measured.
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A harmoric dislortion occurs when (he oulpul signal contains sounds of fraquencies
that are multiples of the original sound frequency. For example, if the inpul to a hearing aid
i a 1000 Hz signai then harmonic distorion would cause a signal (o be produced by lhe
hearing aid at 200C Hz, at 3000 Hz and so on, even though these were not pail of the
signal presented to the hearing aid

Percentage of distortion for a particular frequency provides the range in which new
frequencies have been generaled. Here, new frequencies refer to those frequencies that
were not present in the input signal

3% of distortion at 500 Hz means 2nd harmonics (1000 Hz) and 3rd Harmonics (2000
Hz) have been generated in the circut tor the wnput of 500 Hz. (he aveiage
percentage of distortion at these harmonics are considered as distortion at 500 Hz

Distortion permitted at each frequency may be obtained from the ‘National Standards
Institute’ or from your Audiologist.

Measurement of these electroacoustic characteristics need special instrumentation. Some
of the speech and heanng centers and dealers of the hearing aids may have this
nstrument. Every hearing aid manufacturer must specify values of all these characteristics
for all the hearing aids, so that the hearing aid prescription becomes an easy procedure

GUIDELINES FOR PURCHASE OF HEARING AID

Choice of a good hearing aid is the first step in the rehabilitation of a patient with
hearing loss By means of a hearing aid, the residual hearing 1s made maximum use of. A
hearing aid does not restore hearing to normal ie, it is noi as if, new ears have replaced
the damaged ones. The amount of benefit derived from the use of a hearing aid varies
from individual to individual.

The hearing aid user must know that the benefit derived from the aid is limited, so
he/she should not get disappointed after the purchase of the hearing aid To what extent,
the use of a hearing aid is beneficial in an individual case may be ascertained at ihe time
of hearing aid trial.

Hearing aid helps in detecting the presence of sound and in understanding speech

Thus, it helps in becoming aware of the danger. So, the hearing aid would serve to warn
the users of approaching vehicles

All heanng aids are not alike. Some are worn in the pockets with the receiver in the
ear, some may be worn behind the ear. Some iook like spectacies but aisc have the
necessary components o make the sounds louder for the patient with hearing ioss. Some
hearing aids are very small which are worn inside the ear, and are not noticeable easily
Some are big snough to be noticed very zasily

Hearing aids vary in terms of their size, appearance and also in terms of how powerful
they are. The type of hearing aid for a patient is determined by his/her needs, desires and
financial status.

All heanng aid purchasers/users must have medical examination of ther ears obefore
purchase of a hearing aid for the well being and safety of themselves. Such an examination
should also be followed periodically; say after every six months or one year

Thus, hearing aids are normally recommended when -

1) Medical/surgical treatment is not indicated to revert the hearing to normal.
2) Surgical treatment is decided against for a number of reasons.

3) Surgical/medical treatment is given but improvement in hearing is not sufficient
to preclude use of a hearing aid.

4) Surgery is possible, but the patient opts for a hearing aid.
5) Surgery is awaited and hearing aid is to be used in interim period.
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the

In all such cases selection and acquisition of hearng aid hecomes essential for the
individual with hearnng loss

Points 1o be noted:

1)

2

3

4

5)

6

Repairs

1)
2

4

=

)

<

Before purchase, the user must have a tnal with different types/modeis of hearnng
aids io choose the one that gives him/her the optimum benefit For this reason.
prioi 10 purchase of a hearing aid, the polential user must visit a speech and
hearing professional, where he would have the opportunity to try oul diilerent
models and seek professional guidance. Hearing aids mus! be purchased only on
the recommendation of a qualiied professional 1e., an Audiolocgisi

viges

Before purchasing, the user must first 2scertain that this cular model pr
him the required help Though, cosmetic value is important it shouid not outweigh
the consideration of amplification needs

It 1s useful to know how powerfu! 2 hearng 2id i anc alsc some other
charactenstics More powerfui heanng aid must not Le e one always preiciied
Purchase of a hearing aid, that 1s more powerful than the one aciually required by
the user must be avoided

Different models of heanng ads can be purchased within ihe country. Some users
may feel that if a hearing aid is imported or otherwise got from a foreign country it
would serve them better Such user must remember thal-(a) It s preierable 10
purchase an aid afler s hearng zid tnal (b) Hearing 2id reguires periodical
servicing and replacing of spares which may be mere difiicult to procure for the
impertsd nearng aids. And, the spares of these hearing 21ds may not be avallabie
N oui courniry

Here, one more important pont is, 1t is not wise o buy & heanng aid by mat, 1f
there 1s anv practical alteinative. Direcl personal contact with the dealer is most
desirable, as nearness of a dealer is a great advantage for inspection and trial of a
hearing aid. It is also usefui for subsequent repair and repiacement service

Also, specific Inquiry should be made about the availabilily and qualily of the
spares and cost of service, including the replacemeni of cells

and Servicing :

The hearing aid must be serviced periodically to ensure long term usage

The wuser must explore the possibilities of getting his/her hearing aid
repaired/serviced in a place tha! is easily accessible.

It must be remernbered that a hearing aid must have its troubles altended (o, by a
qualified personnel

Nearness to a dealer is also important. If repair service is not immediately available,
the user may be deprived of his instrument for longer periods of time

Unnecessary repairs at exorbitant prices are to be avoided and the user should be
careful against being ‘High-pressured’ into buying a new model of a hearing aid to
substitute for an older model that happens to get out of order. So, the user must
always contact a reliable person for repairs and servicing

Purchase of components of the hearing aid:

1)

2)

3)

At the time of sale, the hearing aid is given along with its accessories which
inlcude a receiver, an appropriate cord, an appropriate cell, a clip for a body worn
hearing aid These are placed in a case which gives adequate protection against
dust and dirt.

The user would benefit, if he actually learns to connect the various accessories,
prior to leaving the shop.

More important, he must make sure that he is getting the hearing aid, that was
recommended for his use. The particulars regarding the model, recommended for
his use, are normally inscribed on the hearing aid. Similarly, information on the
receiver type can be seen on the receiver.
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4) Afier connecling  he  accessones, he Tuncloning ci e Reang = shouid DE
ked I the sound ampitied znd transmited 1o the ear nioperly? s the sound
contunuous oF nlermittant” Is there unnecessary noise, when ithe swiiches, volume
onlia! is roved around? Are there loose conlacts or broken parts? Al these points
shoulg be checked carefully

e

8} Hearing aigs i addion 1o varying in size and power differ i come other respecls

tor mslance some heanng ads zre equipped wuh circuitry that wait permil using

e heanng &g with ielephune. while culling oui ihe backorcund noise, thal wouid
otrerwise nterfere witiv converssion

Come bsaring aids are W =i pecple who iz unabie tc tolerale loud sounds sven

thoug'i 1h have hearing loss lhv» type of hearing axi would be recomionded by the

Mler confimmg thal the patient has a tolerance problern

talen mte consideratior 2t the time of neanno aid trial and
appioutiate model ars inads Lothe wvse shisuld etk all diness
aning aie trial prior 1o purchesing the f

G} in additon 1o these ‘schnical aspecls. corsideiation for
raode! may mciude recurting experditure @ repiAcing DAt
the cord, rec and switches

‘e purchizsing «pares, the lollomng ponts should e /2o You “reuld always
only the recommended spares

w3 Type of recewver-The lype of recewer purchased has 10 ce as reconvnended by
an audiotoist  Alwavs matching receivers has to be purchased Washer on the recewer
shouid be ntact, ra'se lhere would be leakage of sound energy

by Cad: Cuoids shoudid ve puichased zccording o the presciption by lhe audiologist
Cord lengtl should be appropriate 18, 50 cms Make sure of the type of the cord whether
itis 2 pn oor 3 pin and whether it 1s a single V or Y cord Cord should be checked
carefully 1o delect any breaks along it: length. Keep a spare cord, particularly it the dealer
is nol near

©) Cell- Type and size ol cell shouid te checked All pentarch cells do not fit with
all the hearing aids, find out which will be most appropnate for your hearng aid

Different types of celis, pentorch cells, button cells are used with different hearnng aids
Of these, the pentorch cells are easily avaiizble and they are less expensive It has a
voltage oi 15 volts and is most commonly used with body woin hearnng aids The button
cells are used with hearing aids worn at the ear level and are mare expensive.

Penodical replacement of the cells shouid be done. For geting optimum usage, a
reguiar user, must change hearng aid cells once in ©-10 days for body ievel hearing zids
For ear level hearing aids, where button cells are used, generellv cells should te replaced
after 100 hours ol uszge

There zre special celle which can be recharged and used zgan These czlls may te
avallable with the dezler.

Process of recharging the cell is not economical in body level hearing aids =s -

A cell in body level hearing aids, costs less and at the more two or three cells may
be needed in @ month for a regular user

Purchase of rechargeable cells for the ear level hearing aid is recommended as Il is
economical.

d) Volume control:- Whether it is numbered or not Check if the swilch is rotating
smoothly or not

e) Tone control:- Whether it i1s present and functioning well or not If it is nternal,
then adjustments should be done by the dealer before the user purchases a hearing aid

f) Check for the presence of a separate on-off swilch.



@) Earmolds:- i provided by the company, see if they fit properly. Some of the
dealars provide eartips ie., small plastic tubes instead of earmolds. But it 1s advisable, ©
get custom earmolds done as they fit properly.

h) Telecoil:- Whether it is present or not, especially foi adull cases who are
frequent telephone users. if present whether functioning well or not

i) Dust cover:- It is provided with some hearing aid models lo avoid dust
collecting”on. the hearing aid switches

j) Check for the hearing aid clip in body worn hearing aid to keep the hearing =2
properly when worn on the bcdy.

8) Serial number of a hearing aid is also important in idenufication of your hearing aid

The information pertinent to hearing aid type, model and serial number helps -

1) In the identificalion of your hearing aid in the event of loss/theft
2) In ensuring that you receive the same hearing aid after repair.
3) In giving complete information regarding your hearing aid to the audiologist.

Cost :

It is an important factor in purchase of hearing aid. Before purchase, you should ask
the audiologist regarding the cost of the prescribed hearing aid

Sometimes, the dealers may try to mislead the purchaser. Some dealers may charge
for the hearing aid depending on patient's/parent’s income. So a purchaser should be aware
of such practices. He should check the cost factor carefully before the purchase.

Also, the purchaser must ask for a receipt and the guarantee card which must be
filed in. This helps in getting the repairs dorne free of cost during the guarantee period.

The buyer must get the guarantee card filled. In some cases, guarantee cards are not
given. Even if they are given the details are not filled out, or the card is given but it is
taken back on a subsequent visit. The user should be aware of such practices.

Thus, before purchase of a hearing aid, three major items of expense should be noted
as - the initial cost, repairs and replacement, cell expenses. Low cost of one of these items
does not necessarily means low cost of others.

It is also recommended that the hearing aid be tried on the patient and its utility
established, before purchase of a hearing aid. After purchase, every user should visit the
audiologist to ensure that he has received the right hearing aid.

The purchaser must remember that a hearing aid should be accompanied by the
following information as -

1) lllustration of the hearing aid showing controls, adjustments and cell compartments.

2) Printed material on operation of all controls designed for user adjustment.

3) Description of possible accompanying accessories such as telecoil for specialized
provisions for listening over telephone.

4) Instructions on how to use, maintain and care for, as well as replace or recharge
the cells.

5) How to and where to get the hearing aid repaired.

6) Conditions to be avoided in preventing damage to hearing aids, such as dropping
or exposing to excessive heat or humidity.

7) Selected electroacoustical data obtained in accordance with the respective standard
(this information may be included on separate labeling that accompanies the hearing
aid).

If the above points are kept in mind, the chances of an individual with hearing loss,
purchasing an aid that suits him best and to derive maximum benefit from it are maximised.





