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CHAPTER |

| NTRODUCTI ON

The aural rehabilitation programes to neet the
needs of aural casualties are usually being planned by
both nmedical and non-nedical specialists. The first
responsibility of an Audiologist is such a programme is
to determ ne whether a given casualty would benefit from
medi cal or surgical care. In evaluating the type and
degree of hearing loss that a patient presented, he uses
a series of audionetric tests available to him Patients
who cannot be hel ped by nedicine or whose hearing loss is
of a permanent, irreversible nature, are placed in the
rehabilitation progranme. In such a programthe first and
the forenost step is the determination of the need for

and sel ection of an individual hearing aid.

A Hearing Aid can be described as any device that
brings sound to the ear nore effectively. In the narrow
and nore frequently used sense the nodern hearing aid is
a mniaturized anplifier <circuit which 1is designed
specifically for inproving human hearing. The function of
the hearing aid is to anplify sound energy and to present
the anplified sound into the ear wth as little
undesirable distortion as possible. Since the sound
energy cannot be adequately anplified directly, it is
necessary to change the acoustic eiergy to an electrical
signal. The electrical signal is then anplified and
converted into acoustic energy at the ear.

Hearing aids though they may | ook alike physically

may



differ too widely in their performance. The performance
of the hearing aids depends upon certain characteristics
like :

(a) frequency response

(b) gain

(c) amount of distortion

(d) size and wei ght (e) extraneous noise

(f) flexibility and adjustibillty to individua

needs

(g) sensitivity and

(h) output limting action

A hearing aid mght hare a wde range of frequency
response and high anplification, yet be inferior because
of excessive distortion. It can occur in the opposite way
al so. Good frequency response, strong output, high
anplification and Ilow distortion are not thenselves
mutual ly contradictory. It is relatively easy to achieve
hi gh anplification over a |imted frequency range, but to
achieve high anplification over a wde frequency range
and control it selectively without distortion is a harder
engineering task. A fine hearing aid is thus an
engineering marvel in mniature size which achieves the
nost possi bl e desirable bal ance between many factors of
size, weight, cost, fidelity etc.,

It is a well recognised fact that even when the
hearing aid is perfect in its characteristics, the
performance of the best hearing aid can be altered
significantly when it is coupled to a system or to an
individual's ear. It is therefore accepted by al nost all
audi ol ogi sts that a prescription of a hearing aid is nade

only after an individual evaluation. As early as in 1940,
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it was suggested that alterations in the ear piece wuld
cause a reduction in |low frequency anplification. A vent
in the earnould can reduce |ow frequency anplification.
When the earnould does nto fit snugly and if there is an
acoustic |eakage, then again it attenuates extrene |ow
frequencies and even alter the hearing aid response
pattern. Further the volunme of air between the tip of the
canal aperature and the tynpanic nenbrane can produce
variations in hearing aid perfor mance.

After havi ng recogni sed t he i mportance of
psychoacoustic evaluation of hearing aids, sever al
nmet hods have been reconmended by different investigators
for hearing aid evaluation and prescription. In 1943
Hughson and Thonpson nmade the first evaluation of
selective fitting of hearing aids. In 1946 Winer and
M1l er suggested a hearing aid eval uation procedure which
i ncluded nonaural tests of the patient without a hearing
aid which included thresholds for puretones and for
speech tolerance for puretones and for speech and
articulation tests with suitable word lists. In 1946
Raynond Carhart used a twelve step procedure for hearing
aid evaluation. In 1946 Davis et al reported on the
results of a fitting procedure that attenpted to
conpl enent t he audi ogram by means of sel ective
anplification and found that it was not an accurate
method. In 1952 Bangs and Bangs tried a new nethod of
fitting hearing aids to children as young as eighteen
nonths old to determine if they could use a hearing aid
eighteen nmonths old to determne if they could use a
hearing aid efficiently. In 1952 dorig concluded that a
highly selective procedure was not necessary for the

selection of the aid. He further stated that it was
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not the selection procedure that would produce a good

result, but adequate training in its use. In 1960 Jeffers
recoomended hearing aid selection on the basis of
qualitative judgnents by the subjects. In 1963 Resnick
and Becker described a procedure in which audiological
assessnment and counseling of the patient was undertaken
by the audiologist, while the actual selection of the
hearing aid being left to the selected hearing aid
dealers. After the patient has been issued an aid he
returns to the referring audiologists and receives

clinical evaluation of his aid.

In the el ectroacoustic evaluation of a hearing aid,
the mjor factors that are responsible for speech
intelligibility are determned. They are the frequency
response, har nmoni c di stortion, i nt ermodul ati on
distortion, signal to noise ration etc., It is essential
to select a hearing aid with low distortion, anplegain,
maxi mum  power out put and wide frequency response
characteristics tio maintain maximum clarity of speech
Harris (1961), Bode (1968), Jerger (1966), Kastein (1967)
and Lotterman (1967) have supplied evidence of decrease
in speech intelligibility when excessive distortion
products are present in low fidelity circutary. O sen
(1967) reported on the inportance of the wdth of
frequency response rel ating to heari ng aid
intelligibility. The exact role played by nonlinear
distortion in degrading the signal processed by wearable
hearing aids has yet to be definitely specified. There is
increasing evidence to enphasize the inportance of
distortion products as being detrinental to both
objective and subjective aided performance, particularly

when such performance is evaluated in the presence of
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background noi se or conpeting nmessage. Recently, Jerger
speaks and Ml aqui st (1966) found both subjective quality
judgenents and intelligibility to be related to the
degree of harnonic distortion present in hearing aids.
Using tape recorded speech rmaterial and conpeting
contineous discourse which had seen transduced through
three hearing aids with harnonic distortion (the average
of 500, 700 and 900 CPs) ranging from 4% to 16% they
found the performance of normal hearing and hearing
inmpaired listeners to be inversely proportional to
harnmonic distortion. Thus there are nmany studies
i ndi cating t he ef f ect of di stortion on speech
intelligibility. There are four types o distortions to
be considered in evaluating the quality of hearing
i nstruments

1. Anplitude distortion due to generation of

frequencies by the anplifier which are not present

in the

input signal. It is also called harnmonic distortion

2. Frequency distortion which is due to unequa
anplification of various frequencies of the
i nput .

3. Extraneous distortion is due to the creation of
random noi se such as frictional noise, rubbing
noi se.

4. I nt er rodul at ory distortion -- di stortion
introduced duo to two or nore frequencies
transmtted through a system which generate a
set of new frequencies which have no harnonic
rel ati onshi p.

For the nmaximum utilization of the auditory

potential of the hard of hearing child it is inperative

that the hearing aid functions optimally. A hearing aid
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can nean the difference between adequate or poor
reception of auditory signals. Educational delay often
results from partially received or distorted auditory
messages (Zink 1972). The developnent of a neaningful
standard nethod for neasurenent and reporting distortion
levels in hearing aid should be a primary goal of both
audi ol ogi st and hearing aid manufacturer. Such a standard
shoul d reflect distortions under conditions approxinating
those in which the hearing aid nmay be expected to operate
and should |ikewi se permt interpretation of distortion
data by those engaged in the -evaluation of hearing
i nstrunments.

Jerger (1971) reports that speech will be affected
if there is distortions. He suggests to use hearing aid
transduced speech for discrimnation so as to select the
best hearing aid. In the study of S. P.C Pandaley (1970)
it is reported that Indian hearing aids, differ very much
in terms of distortion characteristics. It is also
reported that nost of the Indian aids produce nore than
5% distortion which can therefore affect speech. If a
hearing aid evaluation can be done through this neans,
then the problem of stocking all the aids in a clinic can
also be elimnated. This is because the dealers of the
day objects keeping the aid idle in clinic catching dust.

The aim of the present study is therefore to
evaluate the efficiency of Indian hearing aids to
reproduce speech in quiet and in noise. Since only very
few studies have been nmade on Indian hearing aids and
practically nothing on their speech reproduction ability,
the present study was undertaken.



Purpose of the present study

The purpose of the present study was to evaluate the
efficiency and fidelity of various Indian hearing aids
usi ng heari ng aid transduced nonosyl | abl es for

di scri m nati on.

Hypotheses

1. There is no significant performance difference
between different Indian hearing aids in speech
repr oducti on.

2. The presence of noise does not significantly

affect the performance of these hearing aids.

Brief Plan of the study

Hundred subs.were selected for the study. Al the
subj ect to confirm  normnal heari ng and nor ma
di scrim nation, wer e taste usi ng pur et ones and
phonetically bal anced nonosyllables. Later to study the
effect of hearing aid distortion in speech, five popul ar
I ndi an hearing aids were chosen. Using controlled system
four equivalent 1list of nonosyllables were recorded
through these hearing aids on a high fidelity tape
recorder. It was then admnistered to the above subjects
through the audioneter to find discrimnation score. The
difference between the two discrimnation scores was
taken to rank the hearing aids in terms of their
fidelity.

Definitions — Speech reception threshold
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The |owest sound pressure level at which fifty
percent or nore of the spondaic test words (words of two

syl | abl es having Equal stress) are repeated correctly.

Speech discrimination test

A test of the ability to understand speech as
determned by scoring the nunmber of wrds iin a

phonetically bal anced |i st.

Distortion

I n exact reproduction of a sound wave pattern

Amplitude distortion

In exact reproduction of a sound wave pattern which
results when the output of an electroacoustic systemis

not proportional to the input.

Frequency distortion

In exact reproduction of the frequencies in a sound

wave pattern.

Harmonic distortion

The new frequencies i nt roduced by anplitude

di stortion har moni cal | y rel ated to t he ori gi nal

frequency.



Intermodul atory distortion

Distortion introduced due to two or nore frequencies
transmtted through a system which generate a set of new
frequenci es whi ch have no harnonic rel ationship.

Transient distortion

In exact reproduction of a sound wave pattern
resul ting from sudden change of voltage or of | oad.

Limits of the study

1. Al'l the Indian Hearing Aids were not included few
the study due to lack of availability to the clinic

2. Si nce clinical cases wer e not i ncl uded, no

compari son of behavior could be obtained

Implications of the Study

1. This procedure can be used as an alternative to the

Conventional Hearing Aid eval uation procedure

2. The wastage of Hearing Aid by stocking them in the

clinic can be elimnated

3. A nore realistic procedure to check the quality and
fidelity of a Hearing Ad



CHAPTERII

REVIEW OF LITERATURE

Hearing aids are as old as ancient society itself. A
hearing aid is an instrunent that brings sound nore
effectively to the listeners ear. It may sinply collect
sound energy fromthe air, it may prevent the scattering
of sound during transm ssion or it may provide additional
energy wusually from the battery of an electrica
anplifier. The beat objective of a hearing aid is to nake
speech intelligible. The quality or 'natural ness' of the
speech nay be sacrified if necessary. Little thought was
given to quality by those who used the old ear trunpets.
They were satisfied if only speech could be nade | oud
enough. Even with early electrical instrunents the chief
difficulty was still to deliver enough energy and any
necessary conprom se were acceptable as long as speech

coul d be under st ood.

The sinplest hearing aid used since man becane
civilized enough to grow old and becone hard of hearing
is the hand cupped behind the ear. The hand intercepts
nore of the oncom ng sound wave' than doss the ear al one
and deflects nore of its energy into the external canal.
The larger the scoop nore energy can be collected. The
ear trunpet which forned as a result of nodification in
the shape of ear scoop favoured nore delivery of energy
into the ear canal. the ear trunpet took many forns in

efforts to conprom se between effectiveness and
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conveni ence. These trunpets were nore than nmere scoops to

col |l ect acoustic energy. They were also resonators tuned
broadly to frequencies in the speech range. The gain for
speech provided by ear trunpet is likely to be about 10 -
15 dB. "Louder please” the cupped hand at the ear
politely tells the speaker that the listener is having
difficulty in hearing him and the speaker to raise his
voice. It adds an extra 10 dB. Anong the early bone
conduction devices acoustic fan fornmed the first one. a
sheet of netal or hard rubber decorated like a fan was
held with one corner against the teeth. The vibration of
the netal were transmtted through the teeth to the bones
of the skull and thus to the tiner ear. The acoustic fan
is unable to collect sound energy fromthe air to be a
very effective aid to hearing. Anot her class of
mechani cal hearing aid had the aim to deliver nore
efficiently to the inner ear the sound energy that enters
the external canal. Such a devise may hel p a person whose
ear drum is perforated or is mssing. So a piece of
flexi ble nmenbrane or tissue placed over the perforation
is helpful. Sone-tinmes a whisp of cotton placed in
contact with stapes or the round wi ndow to transmt sound
waves effectively.

The first electrical hearing aid is associated with
the invention of the tel ephone by Al exander G aham Bell
The tel ephone was infact reported to be an out growth of
Bell's effort to invent a hearing aid. Dr Ferdinand Alt
of politizer clinic in Vienna is credited for producing

the first anplified
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electrical hearing aid in 1900. An electrical hearing aid

is a mniature telephone. It differs fundanentally from
mechanical aids in that its batteries, not the human
voi ce, supply the energy of the sound that the |istener

finally hears. Electrical hearing aids are three types

1. Wear abl e
2. Port abl e
3. G oup Ald

Confort, convenience, desire to conceal the instrunent
and i ndi vi dual acoustic needs have all contributed to the
devel opmrent of a variety of types of wearable hearing

ai ds.

The early type of electrical hearing aid enployed a
sinple ‘Carbon Granule’ type transmtter operated with a
single battery and a magnetic tel ephone type receiver.
The tiny balls or granules of carbon had the peculiar
property of producing variations in resistance to an
electrical current which were proportionate to the
pressure exerted on them by the notion of a diaphragm
Vol tage supplied by batteries produced a strong current
which was varied by the changing resistance of carbon
particles. The result was a strong electrical current
which pulsated correspondingly in frequency and in
intensity, to the sound waves striking the diaphragm of
the transnmitter. The pulsating electrical i mpul ses
provided by the transmitter and battery were conducted to
a magneti c earphone. This converted electrical signals to
correspondi ng sound waves. Although the fundanental pitch

of a tone would be the same as the original
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sound striking the transmtter, the inherent distortion

of both the carbon transnmitter and the magnetic type
receiver woul d pr oduce subst anti al changes and
nodi fications of the original sound received by the
transmitter. Also harnmonic distortion is produced. In
many carbon type hearing aids the harnonic distortion
varied from 50% to 75% The amount of anplification of
carbon type hearing aids were only 10-15 dB over a range
of 1000 Cps to 1800 Cps. This was insufficient for severe
cases. To overcone it larger transmtter diaphragns were
used which had a greater sound collecting surface area

This increased the intensity by building up sound
pressure from sound collected over a greater area. This
principle was carried still further by connecting two or
three to provide still greater sound collecting area and

nore intensity at the earphone.

In order to provide greater intensity wthout the
bul k  of large multiple transmtters, the carbon
anplifiers or ‘boosters’ were developed. The carbon
anplifier however had all the draw backs of carbon
transmtters. In this the reproduction of sound was
conpletely out of when they bent over or |eaned back too
far throwing the carbon transmtter out of a vertical and
into a horizontal position. They had even serious draw
backs of introducing further distortion in the system
along with added intensity. The limted frequency range,
the harsh distortion, uneven frequency enphasis, sudden
fluctuations in power, internal frying and crackling
noi ses of the carbon type hearing aid seem tragic in

retrospect.
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In 1902 MIller Reese Hutchinson produced the
‘ Acouphone and in 1902 Harper offered an instrunent
called *Oiphone’. The vaccum tube hearing aids
originated during 1920's. These units were very |arge,
cunmber sone and expensive. Mst of them could be operated
only with 110 volt even though sonme used |arge sided
radio batteries. Miltiple vaccum tube hearing aids using
vaccum tube anplifiers were also offered by mny
conpani es (1930-1935). The originators of the vaccum tube
hearing aids belongs to English firns. The Thonpson -
Houston conpany had begun to manufacture very snall
battery operated vaccum tubes in 1934-35. One of the nost
i mportant contributions to the devel opnment of wearable
vaccum tube hearing aids at this stage was the design and
the production of both small |ight weight piezo electric
crystal earphone or receivers and small highly sensitive

crystal m crophone.

The vaccum tube hearing aids were first introduced
in md 1930 and they differ primarily from the earlier
t el ephone or carbon type aid in that it uses the electron
tube for anmplifications instead of the carbon transnmitter
and booster anplifier wth the battery circuit. It
differs also in that the higher anplification of the
vaccum tubes permt the use of mcrophones of greater
fidelity but lower sensitivity such as the pizo electric
or crystal mcrophone in contrast to carbon button
m crophone. The English always refer to a vaccum tube as
a ‘valve' because of the fact that grid of the tube acts
as a gate, releasing the nuch greater energy of the

filament and pl ate of



14
the tube when only a very alight anount of energy is
i mpressed upon the grid.

The earliest type of receivers used in hearing aids
were flat, over the ear type, magnetic receivers. This is
unconfortable after hours of wuse. The advent of BC
receiver in 1931 gave a trenendous inpetus to the hearing
aid industry. Electric type bone conduction (BC) receiver
was developed in 1920's by Lieber. A BC receiver is a
magnetic type receiver in which a contact surface
transmts the mechanical vibrations to the bone of the
head. Bunch says from an el ectronmechanical stand point a
BC ad is less efficient than one of the air conduction
type. If one uses a BC aid he nust supply power to

vi brate the entire head.

Now the arts of electronic anplification and
el ectroacoustic engineering have made it possible to
deliver as nuch sound as the ear can tolerate. W can
therefore raise our sights and say that a hearing aid
shoul d deliver sounds loudly enough to be heard easily
but wi thout disconfort. The listeners hearing |oss should
be overcome and his auditory nerve stinulated in a
pattern as nearly normal as possible, Distortion of the
original pattern of sound should be introduced only to
the extent that it assists in bringing to the listener
speech that is intelligible, confortable and pleasing
quality.

Among the various characteristics the hearing aids
possess the frequency range and distortion fornms the

maj or ones which
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influence the intelligibility of the hearing aid. The
frequency range of the hearing aid should be expressed in
terms of wuseful frequency range i.e., frequency area
where the gain is sufficient to over ride the deafness of
the subject. A high quality hearing aid should provide a
frequency range of atleast 3500 CPs although there wll
be cases where selective fitting nmakes it advisible to
limt the response to only a part of this range. Davis
found that narrowi ng the frequency range of a hearing aid
to the zone between 1000 to 2000 CPs seriously affected
the intelligibility score and operating range. He
includes that a frequency range performance by nornal
hearing listeners found that in nonaural reproduction
speech the normal ear preferred a restricted frequency
range (5000 CPs) although the w der frequency range was
generally preferred otherw se. It would seem that
al though the low frequency range from 250 - 500 CPs is
not essential in a hearing aid for intelligibility sone
response in this range gives a nore pleasing tona
quality.

Distortion fornms one of the major characteristics of
hearing aids. Distortion has been defined as inexact
preproduction of a sound wave pattern. Distortion which
IS present in a hearing aid will effect the output speech
intelligibility to a greater extent. Harris (1961),
Jerger (1966), Kastein and Lotterman (1967) and Bode
(1968) have supplied evidence of decrease in speech
intelligibility when excessive distortion products are

present in low fidelity circuitory. Bode and Kastei n made
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a study on the effect of hearing aid and consonant
identification. H's experinment was conducted with 34
normal hearing listeners to determne the offsets of
distortion on consonant identification in noise. Fire
experinmental conditions were enployed in which neasured
harmoni ¢ distortion ranged from approximtely 1% to 35%
Each |istening condition involved play back of recorded
test materials at a constant sensation level. Results
showed that average consonant identification scores
relative to the high fidelity condition decreased 15 -
29% as a function error scores on the CI D sentences and
some physi cal measures of hearing aid performance

especially harnonic distortion.

Jerger, speaks and Malnguist (1966) found both
subjective quality judgenents and intelligibility to be
related to the degree of harnmonic distortion present in
hearing aids. 36 hard of hearing |isteners representing
various types and degrees of hearing |loss were tested
Using tape recorded speech materials and conpeting
continuous discourse which had been transduced through
three hearing aids with harnonic distortion (the average
of 500, 700 and 900 CPs) ranging from 4% to 16% they
found the performance of normal hearing and hearing
inpaired to be inversely proportional to harnonic

di stortion.

Lotterman and Farrer (1965) exam ned the |evels of
nonl i near distortion present in nodern hearing aids and
the variability in distortion anong instrunents of a
given nodel. The magnitude of distortion appeared to be
inversely related to the 500, 700 and 900 CPs test

frequencies while the frequencies
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at which maxi mum distortion occurred was comonly found
at higher frequencies for ear level type hearing aids

than for body type instrunents.

Kasten and Lotterman did a |ongitudinal exam nation
of harnmonic distortion in hearing aids. This study
exam ned the harnonic distortion levels of 1170 hearing
aids submtted to the veterans admnistration for
contract eval uati on during t he | ast Si X years.
Measurenents were nmade in a 75 dB SPL input at 500, 700
and 900 CPs and at the frequency at which nmaxinmm
distortion was found. The gain of each hearing aid was
set with a 62.5 dB SPL input to that point at which
distortion at all anplified frequencies was |ess than
10% Based upon average gain and average saturation sound
pressure |level each aid was placed in one of the three
power categories. The results showed that the |evels of
maxi mum di stortion appeared to be inversely proportiona
to the rated power of the aids.

Having said the inportant characteristics such as
frequency range and distortion and its effect on the
intelligibility of speech, it has been found that the
difference in the physical characteristics of hearing
aids is nore inportant to sonme type of hearing inpaired
listeners than to others and that such individuals wll
reflect substantial performance difference not readily
apparent in |arge group.

Jerger, Carolyn, Ml nmguist and speaks (1966) did a
st udy



18
in which a sentence intelligibility test recorded through

three hearing aids were presented to 36 subjects wth
di verse types of hearing loss. Although hearing aids were
rank ordered nmeaningfully on the sentence intelligibility
test in inverse proportion to the harmonic distortion,
performance difference were not systematically reflected
in the nonosyllabic word test results. The rank ordering
of the aids on PAL-8 is identified for every group and
the difference anong the aids are relatively |Iarge.
Jerger at al has concluded although it seem possible to
devi se a behavi or al nmeasur e t hat will i nf act
differentiate anmong hearing aids one is justified in
assum ng t hat such per f or mance di fference will
necessarily be reflected by nonosyllabic word lists as
they are currently wused in conventional hearing aid
sel ection procedure. However, Jerger has concl uded
studyi ng of such rank ordering of aids in the presence of

conpeti ng nessage which is worthy of further study.

Jerger (1967) exam ned t he i nfluence of
internodul ati on distortion in a 'nonspeech’ procedure. He
suggested that such evaluation mght be beneficial in
detecting differences between aids with widely differing
characteristics. Jerger and Thelin (1968) found that
influence of these distortion is not as great as was

previ ously reported.

O sen and WIber (1967)reported the results of an
extensive investigation of the influence of various
el ectroacoustic characteristics. They concluded that the

effective band w dth
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of the instrument was the only neasured characteristic

which ranked the aids in the sane order as did speech

intelligibility.

Tillman, Carhart, Wayne and O sen (1970) did a study
on hearing aid efficiency in a conpeting speech
situation. Discrimnation for nonosyllabic words agai nst
conpeting sentences was neasured at the same sensation
| evel s during wunaided and aided |istening using four
types of subjects; normals, conductive |oss cases, non
presbi cusis sensorineurals, and presbicusics. There were
twel ve subjects per group. Listening against conpeting
sentences was binaural, nonaural direct and nonaura
indirect at nomnal primary to secondary ratio of + 18 dB
and + 6dB. Unai ded neasures included SRT and nonosyl | abic
discrimnation were obtained by sound field testing
conditions Aided neasures were obtained with the subject
in a separate room wearing hearing aid receiver and
earmould while the hearing aids were nounted on an
artificial head placed in the sound field test chanber.
The aided measures were obtained at two gain settings.
The main findings were :

1. that the hearing inpaired required nore of an
increase in SPL in the sound field to achieve
spondee threshold via the hearing aid than can
be accounted for by the difference in

nmet hodol ogy al one.

2. that intelligibility of nonosyllabic words in
quiet was sone what poorer during aided
listening than during unaided |istening even

t hough sensation | evel was held constant
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3. subj ects with presbicusis and ot her sensori neural
| osses were | ess resistant to masking by conpeting
sentences during aided listening than were
subjects with normal hearing or with conductive

| oss, and

4. that all groups exhibited reduced intelligibility
for a constant sensation level. This last effect
was particularly severe for patients wth

presbi cusi s and ot her sensorineural hearing |oss.

Raynond Car hart (1964) did a study on speech
discrimnation with a hearing aid in a conpeting nessage
situation. He took four groups of 12 subjects each -
normal s, conductive |oss, young adults with sensorineural
| ose and presbicusics. They were given unaided and aided
tests of nonaural discrimnation at 30 dB SPL in two
| evel s of conpeting speech. The NU auditory teat # 2 was
enpl oyed and conflicting stinmuli were emtted from | oud
speakers on opposite sides of the subject. In one test
condition the primary nessage originated from the
contral ateral side. The experinment was repeated with four
conpar abl e groups the only difference being that the gain
of the hearing aid and the sound field in which it
operated were changed. Results were conparable to an
interference function plotted at an earlier date by
presenting the and test # 2 to unaided normal |isteners
and usi ng several | evel s of conpeti ng nessage.
Performance of unaided normals agreed closely with the
criterion function but it changed in the aided condition
about as nmuch as it would have had the conpeting nessage
been increased approximately 10 dB during the wunaided

condi tion. Unai ded performance of the conductive |oss was
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nearly equal to that of normals, but the change in the
ai ded condition was approximtely twice as great. Young
sensorineural |oss cases and presbicusis perfornmed essen-
tially equi val ently. Bot h groups showed extra
interference unai ded which was simlar to that exhibited
by normals aided and the hearing aid added still nore to
the interference effect of the conpeting speech. Moreover
in this instance the slope of the interference function
was nodified so that discrimnation had not reached
maxi mum even at very favourable primary to secondary

ratio.

MIller and Nienoeller (1967) reported reduction is
intelligibility as hearing aid mcrophone was noved away
when tested in the presence of noise. They relate this to
distortion caused by reflected waves and recomend
det achabl e m crophones that can be held close to the
talkers lips in order to inprove speech to noise ratios.

Wtter and Goldstein (1971) made a study on quality
judgenents hearing aid transduced speech. Frequency
range, harnonic distortion, inter nodulation distortion
and transient measurenents were made on five aids which
mani fested varying anounts of each property. Effects of
these properties were nost predictive of qual ity
judgenent and whether or not voice interacts wth
el ectroacoustic properties. The speech of mal e and femnal e
talkers were recorded through these aids and paired
conpari son judgenents were nmade by thirty normal hearing
listeners. Transient response was the beat predictor of
listeners judgenents and voice may be a factor in the

qual i ty Judgenent task.
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Lents has reported a study on speech discrimnation
in the presence of background noise using a hearing aid
with a directionally sensitive mcrophone. The primry
purpose of the present investigation was to evaluate
whether a hearing aid with a directionally sensitive
m crophone actually permts better speech discrimnation
ability in the presence of background noise than do
instrunents with other types of mcrophones. For nany
years hearing aid users have commented and research has
shown that one’'s ability to wunderstand is seriously
limted in the presence of conpeting noise (Osen &
Tillman 1965, Hahn & Demichelis 1967). Traditionally
hearing aids have been manufactured using m crophones
which are not directionally sensitive, there by providing
equal amplification for sounds arriving from any azynuth.
However, Maico hearing instrunments recently introduced a
hearing aid which wutilizes a directional mcrophone
providing as much as 20 dB utterance in the frequency

range of 500 — 4000 CPs, when the sound source is |ocated

at a 180° azynmuth (Hensler, 1970). In addition prelimnary
study conducted at Colorado State University indicated
that many individuals have sensorineural inpairnments
under stood 10 — 30% nore nonosyl | abic words while wearing
this aid in the presence of background noise than when
usi ng a conventi onal i nst rument not havi ng a

directionally sensitive m crophone.

Vargo, Taylor, Tannahill and Plumer did a study on
the intelligibility of speech by hearing aids on
i nduct ance | oop and m crophone nodes of signal reception.
A conparative evaluation was done on the speech

intelligibility of two hearing
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one with a inductance loop and the other wth a

conventional body unit. Bach aid received and reproduced
fifty nonosyllables (CID W22) on both inductance coil and
m crophone i nput nodes. The resultant 200 words were tape
recorded from the output of a 2 cc coupler and then
eval uated by 196 students. Wrds correctly witten served
as the criterion nmeasure. Data analysis revealed
significantly nor e intel ligible speech for t he
conventional hearing aid for both inductance coil and
m crophone inputs. Further, the loop hearing aid was
significantly less intelligible on its inductance coi
setting than on m crophone reception.

When Harris, Haines, Kelsey and O ack reported that
harmoni ¢ distortion appeared to be the major contributor
to the degradation of speech intelligibility, Jeffers
reported on the relation between quality Judgenments and
acoustic characteristics. Therefore it was decided to
measur e t he i nfl uence of t hese el ectroacoustic
characteristics of fire Indian hearing aids on their
performance to check the quality of these hearing aids
and there by use it as an alternative procedure for the
sel ection of the bearing aid.



CHAPTER III

METHODOLOGY

The aimof the present study is to judge the quality
of Indian hearing aids through speech discrimnation test
using hearing aid processed stimuli and rank them
according to their performance. The present study in

brief includes the follow ng steps :

1. Pur et one air conduction threshol ds

2. Conventional speech reception threshold and speech
di scrim nation

3. Recording the phonetically balanced |ist through

various Indian hearing aids

4. Testing the discrimnation using the hearing md

processed speech

5. Testing the speech discrimnation of hearing aid

processed speech in presence of a conpeting noise

The total of 100 normal subjects selected for the study
were divided into five groups to test the performance of
each hearing aid. The subjects were selected randommly
fromthe student population of the Institute, The age of
the subjects ranged from 17 years to 34 years. As the
word list was in English only graduate students were
included in the study to assure the famliarity of the
words. All the subjects were otologically normal. The
subjects were tested using Hughson-Wstlake ascending
procedure to establish thresholds for puretones of 250
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CPs to 8000 CPs wusing a Beltone 15 CX two channe
clinical audionmeter caliberated to |1SO (1964) standard.
Al'l the subjects had their threshol ds below 20 dB all the
test frequencies. The average hearing level of the

subj ects for each frequency is given in graph 1.

Usi ng t he spondee wor d list pr epar ed by
psychoacoustic | aboratory which was standardized at this
clinic ( Swar nal at ha, 1972) t he speech reception
thresholds of the subjects were established. To save
time, the dysyllabic words were presented first at 15 dB
above the subjects puretone average and then it was
reduced in 5 dB steps till a 50% response |evel was
obtained. This l|level was taken as the subjects speech
reception threshold. The speech reception threshold was
used as a neasure to check the validity and reliability
of puretone audiogram All the subjects were required to
gi ve a speech reception threshold which was within £ 7 dB
of their puretone average. The average of the puretone
averages of the subjects was 11 dB and that of the speech

reception threshold was 10 dB.

The discrimnation word lists used in this study
were prepared from the Pb word |ist of psychoacoustic
| aboratory which was standardized by M ss Swarnal atha
(1972) at this clinic for Indian population. As a safety
neasure the list of words were further given to sone
hundred people to select 100 famliar words to prepare
four equivalent list of twenty five words each. The |ists
were named as List 1, List 2, List 3, and List 4. These

|ists were used to neasure the discrimnation
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of the experinmental subjects throughout the study. All
the words were recorded on a sony tape recorded with the
hel p of a male speaker. Al the test words were proceeded
by the carrier phrase “ say the word.............. ". The
recorded lists were first presented to 30 of the 100
normal subjects, selected randomy to study the function
of intensity on performance. Starting from the speech
reception threshold |evel of the subjects the words were
presented in 5 dB steps till a 100% response |evel or
pl ateau was obtained. The average performance of the
subjects is given in graph Il. The average intensity at
whi ch the subjects gave 100% di scrim nation was found to
be 35 dB above speech reception threshold and hence it
was taken as the level for the presentation of word lists
t hr oughout the study.

In the experinment the subjects were given the
followi ng instructions :

“You will hear a list of words through the earphone.
Each word will have a carrier phrase say the word
............. ". Don’t repeat the carrier word, but
repeat only the last word. If you are not sure
guess” (G orig 1965)

Each subject was given a mninmum of 25 words to each
ear. Using the tal k back systemthe investigator recorded
the response of the subjects.

The subjects were considered normal only when the
discrimnation score was above 92% Al the subjects
sel ected
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for the study exhibited a discrimnation score of nore
than 92% and the average being 99.60% The subjects

responses were recorded on a sheet as shown bel ow

FREQUENCI ES

EAR | 250 { 500 1000 : 2000 i 4000 i 6000 : 8000 : PTA i SRT { DS%

Rt

Lt

All the tests were admnistered in the sound treated
room of the Institute. The noise |levels of the room as

recorded are given in the appendi x.

Experiment

Five Indian hearing aids nanely OQicon Extra Super

Qi con Super, Danavox 6471, Danavox AVC and Ri onet were
selected to conduct the study. The selection was nmainly
on the basis of their availability to the clinic. First
these hearing aids were tested for their electroacoustic
characteristics using a B & K hearing aid test box (type
4217) a 2 cc coupler, a condenser mcrophone (B & K type
4144) and a frequency analyzer (B & K 2107). Measurenent
of gain characteristic of the hearing aids helped to set
the aids at half of their average gain at speech
frequencies. This |level was arbitrarily selected to avoid
excessive distortion due to over |oading. The recorded
word lists fromthe tape recorder were then presented to
t he
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hearing aid test box and the input to the hearing aid was
kept at 60 dB SPL. The receiver of the aid was connected
to a condenser m crophone using a 2cc coupler. Through a
measuring anplifier (B & K 2607) the output was recorded
on a sony tape recorder. Al the four lists were
transduced through each hearing aid. Al the recordings
were made in the sound treated room of the Institute to
avoid the interference of the anbient noise. The block
di agram of the set up for recordings is given in Fig 1.

The recorded hearing aid transduced speech was then
present through Beltone 15 CX clinical audionmeter using
TDH 39 earphone with MX 41 cushion. 20 subjects were
tested for each hearing aid. Only one list was presented
to each subject so as to avoid the question of any
famliarity. The presentation of the nonosyllables were

kept constant at 35 dB above speech reception thresholds.

Since the hearing aids are wusually worn in noisy
environnment it was also decided to check the effects of
white noise on the hearing aid transduced words. For this
three signal to noise ratios nanmely 0 dB S/IN, -5 dB S/N
and -10 dB S/N were selected. A total of 25 subjects were
selected for this study and were asked to repeat the
words in presence of noise as nuch as they could. The
results were recorded on a recording sheet as given

bel ow:

Heari ng Hearing ! List D S IN NO SE

A d Model A d Make No 0 dB S/INi-5dB S/NiI-10dB S/ N
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CHAPTER IV

ANALYSI S OF RESULTS AND DI SCUSSI ON

The performance of hearing aids depends upon the
anount of distortion, frequency response, gain etc.,
Anmong these factors the inportant character that affect
speech reproduction is the distortion. Lotterman (1967)
have suppl i ed evi dence of decr ease in speech
intelligibility when excessive distortion products are
present in the hearing aid. Wien the distortion is
higher the intelligibility of speech is affected to a
greater extent. Recently Jerger, speaks and Ml nqui st
(1966) found both subjective quality judgenents and
intelligibility to be related to the degree of harnonic

di stortion present in hearing aids.

The first aim of this study was to find out the
difference between various hearing aids. Bef ore
analyzing this it was necessary to assure that there
exi st no difference among lists. To verify this "the two
way classification with multiple but equal nunber of
observation per cell" nethod was applied. The hypothesis
franed was "there is no interaction anong lists”. By the
above nmethod it was found that (F) table value was

greater t han (F) observed val ue.

F(tabl e . 05 .01
val ue) 2.42 i 1.88

F(observed 1.00
val ue) '

F(tab) F( Obs)
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Results therefore forced to accept the hypothesis that
there is no interaction anong the lists that were used.

Secondly to test the null hypothesis i.e., “there is
no difference anong hearing aids” the “two way
classification wth multiple but equal nunber  of
observation per cell” method was used. It was found that

F (observed) value is greater than F(table) val ue.

F(tabl e . 05 .01
val ue) 3.56 | 2.49

F(observed

94. 08

val ue)

Hence the hypothesis that there is no difference anong
hearing aids has been rejected indicating that there is

difference in performance anong hearing aids.

To study whether this difference in performance is



Signi ficant or

not ,

followi ng results:

31

the T test was used and obtai ned the

Srl. Hearing Aids i Mean Performance

No. 1 Ho ML v M1-M! F(tab) | Results
1 OES OS 84.70 75.40% 9.30 ! 30.39 . 05R
2 CES D AVC 84.70 77.201 7.50 |30.39 . 05R
3 CES D6471 84.70 74.40% 10.30 ! 30.39 . 05R
4 CES R1 84.70 45.20} 39.50 i 30. 39 . 05A
5 D AVC (O] 77.20 75.407 1.80 :30.39 . 05R
6 D AVC D6471 77.20 74.40% 2.80 i30.39 . 05R
7 D AVC R1 77.20 45. 20 32 30. 39 . 05A
8 s D6471 75. 40 74.40: 1.00 ! 30.39 . O5R
9 cs R I 75. 40 45.20} 30.20 ! 30.39 . 05R
10 D6471 R I 74. 40 45.20] 29.20 | 30. 39 . 05R

CES = (Oicon Extra Super

oS = Qicon Super

D AVC = Danavox AVC

D6471 = Danavox 6471

R1 = Rionet

A = Accepted

R = Rejected

N 1 = Mean of Hg. aid 1

N 2 = Mean of Hg. aid 2

H 1 = Hg. aid 1

H 2 = Hg aid 2

These results show that there is a significant

difference in performance between

two pairs of

aids i.e., between Oicon Extra Super
Hearing Aid.

AVC and Ri onet

and Ri onet

heari ng

Danavox
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The mean performance of these hearing aids were used
to rank order themas follows :

S No Rank Mean per - Fbaring
f or mance Ai d
1 A 84.70 OES
2 B 77.20 D AVC
3 C 75. 40 cs
4 D 74. 40 D 6471
5 E 45. 20 R1

Since the performance of hearing aids can be altered
very nmuch by the presence of noise the second part of the
study was an attenpt to find out the efficiency of these
hearing aids wunder different Ilevels of noise. As a
prerequisite to this analysis, it was decided to rule out
any possible difference in performance anong the three
| evel s of presentation because if there is no difference
anong the three levels of presentation, any one |evel
could be used to find out the difference anong hearing
aids. In order to find out this, the Friednman's test was
used. The hypothesis was “there is no difference in
performance anong the three | evels of noise.

The statistical calculations at each |evel are given
here as fol |l ows:

1. At adbs/ N F table val ue 9. 48
.05 | evel
F observed val ue 15. 75
F(obs) F(tab)

F(Observed) value is greater than F table val ue
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1. At - 5dbs/N F table val ue 9. 48
.05 | evel
F observed val ue 13. 98
F(obs) F(tab)

F(Observed) value is greater than F table val ue

F tabl e val ue
3. At - 10dbs/ N 9.48
.05 | evel
F observed val ue 14. 12
F(obs) F(tab)

F(Observed) value is greater than F table val ue

Hence there is significant difference in perfornmance of

hearing aids when different |evels of noise adm nistered.

Since there is difference anong the performance of
hearing aids at three |levels of presentation, the
difference anong the hearing aids was tested at each
| evel separately. In order to find out whether there is
di fference anong hearing aids at each level — 1. The Mann
Whitney test and 2. Krushak - Wallis one way analysis

test were enployed. The results are as shown bel ow
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i:o' At 0 db SIN{ At —5db SIN| At — 10 db S/N
1 A>B A > B A>B
2 A>C C>A A>C
3 A>D A > D A>D
4 A>E A > E A>E
5 B>C B>C B>C
6 D>B D> E D>B
7 E>E B>E B>E
8 C>D cC>D c>D
9 C>E C>FE C>E
10 D>E D>E D>E

v mo O ©® »

N

= Qicon Extra Super Hearing Ad
= Danavox AVC Hearing A d

= Qi con Super Hearing Aid

= Danavox 6471 Hearing Aid

= Ri onet Hearing Aid

= Greater than

= Lesser than

= Equal to
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The means of performance of these hearing aids at these three successive

levels listed the aids in terms of proficiency as follows :

g At O db SIN At-50B SN AIS;Nl‘ng
No | HeaingAids { %Mean | Rank { %Mean | Rank M&ﬁj Rank
performance performance performance
p | OtoonBxtrat gy, A 30.2 A 29.6 A
Super
Danavox
2 AVC 45.6 B 36 B 24 B
3 Oticon Super 44 C 35.6 C 23.5 C
Danavox
4 6471 40.8 D 30.4 D 21.6 D
5 Rionet 32 E 24.8 E 18.5 E
Discussions

The results of this study shows that it is possible
to evaluate the efficiency in performance of hearing aids
usi ng the behavi oral
their

t he

procedure and rank themin term sof
proficiency. This is based on the assunption that

physical differences anopng aids can be

reflected tests (Jeffers and Smith 1964).
Shor e, and Hirsh (1960) showed that, when CID w22
and recorded FB word |ist spoken by Rush Hi ghes were used

heari ng
i n behavi oral
Bi | ger
to evaluate hearing aid performance the reliability of

these nessures was not

good enough to
warrant the investnment of a |l arge anount of clinical tine
W th The

however, by

them in selecting hearing aids”.
this

reliable differences m ght be

i nvesti gat or

did qualify concl usi on noting that
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found anmong factors "not yet........... claimed to be
measurabl e by the audiologist”. However, the results of
the present study shows that it is possible to qualify
the hearing aids through behavioral teats and the
performance difference, which was consistent, could be
measured. The results of this study in further supported
by Jeffers and Smth (1964) that the physical differences
anong hearing aide can be reflected in behavioral tests.
Oicon Extra Super hearing aid was found to be superior
in performance to other hearing aids used probably
because of its greater fidelity and | ower internal noise.
The probable reason to obtain very poor scores wth
Ri onet hearing aid may be because of poor fidelity,
greater distortion and greater internal noise. Hence the
performance of a hearing aid depends nmuch on physical
characteristics, (Ref : Appendix). Harris, Haines, Kelsey
and Clack (1961) enploying various types of degraded
speech showed significant correlations between error
scores on CID sentences and sonme physical neasures of
hearing aid performance especially harnonic distortion.
Jerger, Ml ngui st and Speaks attenpted to investigate a
performance task that would reliably distinguish the
di fference anong hearing aids and whether on the basis of
the performance task, can these aids be rank ordered. The
results showed that the physical differences anong three
hearing aids were reflected behaviorally by the PAL-8
task, which further supports the present study. Sung and
Hodgson (1971) found that the hearing aid with the better
hi gh frequency response produced better intelligibility
for nonosyllabic words regardl ess of the node of signal

i nput .
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The configuration of the frequency response curve in the

region of 1.5 to 3 Kc/s appeared to be associated with
the intelligibility of nonosyllabic words. In the |ight
of the above study and the results obtained here, it
could be possible to state that the frequency response of
O icon extra super and Danavox AVC at this range is well
mai nt ai ned. Hodgson and Sung (1972) showed that
nonosyl |l abic tests ae nore sensitive to difference in
frequency response of hearing aids. However, Jerger,
Mal mqui st and Speaks have commented that although the
hearing aids were rank ordered neaningfully on the
sentence intelligibility inverse proportion to the
harrmonic distortion, performance differences were not
systematically reflected wth nonosyllabic word test
results. Recent study of Jerger et al (1972) has
indicated that it is possible to device a behaviora
measure that will in fact differentiate anong hearing
aids with differing physical characteristics. The present
study also concludes that it is possible to check the
quality of a hearing aid through behavioral tests.
Till man, Car hart, Wayne and d sen st udi ed t he
discrimnation for nonosyllabic words heard against
conpeting sentences at the sanme sensation |evels during
unai ded and aided |istening conditions. Unaided neasures
included SRT and nonosyllabic discrimnation, wer e
obtained by sound field testing conditions. They have
concluded that the intelligibility of nonosyllabic words
in quite was somewhat poorer during aided |listening than
during unaided listening even though the sensation |evel
was held constant. This also supports the findings of
this study that there is a reduction in discrimnation

under aided conditions than without it.
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Since the hearing aid is usually worn by the patient
outside the controlled environnent where it is subjected
to performin a background of noise, these hearing aids
were also tasted for their performance using three |evels
of noise, O db S/IN, -5 db S/N and -10 db S/N
respectively. The results led us to fornulate the

foll owi ng concl usions :

1. Intelligibility of speech through hearing aids
earn be inpaired in a background of conpeting
nmessage

2. The extent of reduction in intelligibility depends

on the signal to noise ratio

3. At the earn signal to noise ratio, the performance

of different hearing aids would be different

These results have al so been supported by the study
findings of Bleaker and Huizing in 1953, by Carhart in
1946, by Davis et al in 1946, by Schubert in 1960 and by
Jerger in 1971.



CHAPTER V

SUVARY & CONCLUSI ONS

The aim of the present study was to judge the
quality of Indian hearing aids through behavioral teats.
Five Indian hearing aids were selected which ranged in
its physical characteristics. Next the psychoacoustic
| aboratory word lists were selected. The list was
adm nistered to 100 subjects to select famliar words.
Using the selected famliar words four equivalent lists
of 25 words each were conposed. These nonosyl |l ables were
first records on a Hl-Fl1 tape recorder (Sony Cassette)
and later re-recorded after it was transduced through a
hearing aid, nmeasuring anplifier (B & K 2607) to another
tape recorder. The input to the hearing aid was Kkept
constant for all the hearing aids. Al the hearing aide
were set to gain half of their average at speech
frequencies. The list of words transduced through the
above five hearing aids were presented via earphone (TDH
39) wusing Beltone audioneter (Mdel 15 CX). 100 nornal
subj ects whose thresholds were below 15 dB from 250 to
4000 CPs were selected for the study. After puretone
audi onetry, using recorded speech materials both SRT and
speech discrimnation were obtained. These subjects were
then presented with the nonosyllable words rerecorded
through hearing aids. Each subject was given only one
list of hearing aid transduced nonosyllabic words at 35
dB SRT. 20 subjects were tested for each hearing aid. The
difference in the
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di scri m nati on score between unai ded and ai ded conditions

was taken to assess the performance difference anopng

hearing ai ds.

In the second part of the study twenty five subjects
were tested for the aided discrimnation in the presence
of a conpeting signal. Three signal to noise ratio, at O
dB S/IN, at -5 dB S/N and at -10 dB S/N were used. The
discrimnation of the subjects with the hearing aid in
quiet and in the presence of noise were conpared.
Suitable statistical nmethods were used to conpute the
significance of difference.

Using the “two way classification with nmultiple but
equal nunber of observation per cell” statistical nethod
it is found that the hearing aids differ in performance
depending on the physical character. The difference was
significant between Oicon Extra Super and Ri onet and
Danavox AVC and Rionet hearing Aids. Hearing aids were
rank ordered based on their performance using the nean

per f or mance.

Rank :Hearing Aids

Qicon Extra
Super

vy)

Danavox AVC

Qi con Super

Danavox 6471

mf{o| O

Ri onet
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Hearing aids could be further differentiated when they

were nmade to perform under difficult situations |ike the

performance in the back-ground of noise.

Limtations of the present Study

1. Clinical cases were not included in the
study to evaluate their behavior in such
simlar situations

2. All the hearing aids available to the
country could not be included due to
difficulty in acquiring them

Future Research Possihilities

1. Testing various clinical cases, t he
validity of this test to be used as an
alternative procedure to prescribe hearing
aid to hard of hearing can be studied.

2. The effect of nodifications of ear noul ds
on Speech intelligibility can also be

st udi ed obj ectively using this procedure.
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APPENDIX



Max. al | ovabl e | Noi se Level s
Cct ave Bands ) )
No in Hz Noi se | evel s in the room

in DS SPL | SO in dB SPL

1 75 - 150 31 18

2 150 - 300 25 17

3 300 - 600 26 15

4 600 — 1200 30 9

5 1200 - 2400 38 11

6 2400 — 4800 51 10.5

7 4800 - 9600 51 10

Noi se Levels in the Sound Treated Room

CHARACTERISTICS OF THE SELECTED HEARING AIDS

Make of the i{Average ! Frequency | Maximum Haror:Izr;locn D'atSt )
Hearing A d gain Response out put 500, 800, 1000 C/ s
Qicon Extra 200 Cd's —
Super 62 dB 5000 C's 130 dB 10%
. 200 Cd's -
Qi con Super 55 dB 5000 C's 128 dB 8%
. 200 Cd's -
Ri onet 45 dB 5000 C/s 106 dB 15%
Danavox 647 200 Cd's -
| 56 5000 O/s 118 dB 10%
Danavox
Del uxe AVC 58 25000000/5 T | 120 dB 8. 7%
647 | S




CHARACTERISTICS OF THE SELECTED HEARING AIDS

Har moni ¢ Di st -

Sr. Make of the i Average ! Frequency | Maxi mum .

No Hearing Aid gain Response out put 500’02;86,0{'()0618 Os
p | Csou”peErX”a 62 dB 250000005 o | 130 dB 10%

2 | Cticon Super | 55 dB ZSOOOOOC/CS/ o | 128 dB 8%

3 Ri onet 45 dB 25000000/5 < | 106 dB 15%

4 Danavlox 647 56 250000005 s_ 118 dB 10%

5 | Dolume AVC 53 | 200 JS 1 120 a8 8. 7%

647 |






