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| NTRCDUCT! O\

Auditory Screening is an attenpt to indentify persons
who have significant having defects froma popul ati on nade
up, predom nantly of people with nornal or adequate
heari ng (Hegdecock, MIler and Rose, 1973). The technique
of screening has as its purpose the Identification, as quickly
as economcally as possible of individuals In a large popul ation
who are i n need of sone special service (Anderson, 1978), Downs et.
al believe that the primary goal of screening programme is the det-
ection of active or past ear di seases whet her acconpani ed by hearing
|l oss or not. Early identification of hearing | oss results,
ideally, inearlydiagnosis, treatnent, rehabilitation, and educati on
of persons with comuni cation disorders (Downs and sterrit, 1967,
Ander son, 1972). In India, nmany Individuals are brought to the
speech and hearing centre only after it becones, too |late

to be able to provide any significant help to these |ndividuals,

| here are two aspects of screening 1. Esti mati ng, 2. Case
finding."ldentification Audionetry refers specifically to the a

case finding aspects of a hearing conservation programe ( Ml nick,

et,al,|964)

There are Two stages in an ideal hearing screening progranme.



The first stage, elimnates all those persons who have nor nal
hearing and finds thoae who may have hearing problem The
second stage el i mnates whose who did not fellow the instruc-
tions of first stage or those who are poor responders for sone

other reasons (Darley, 1961).

Traditional |y, hearing screening procedures have had as their
basis, Air condition, hearing senstivity neasures. Such procedures
are considered fairly adequate for children w th perepheral hearing
| npai rnments, serious enough to cause communi cati on probl ens

(Anderson, 1978).

Hearing screening tests are admnistered either in individual
or group setting. The stinmuli used in these tests range from
pur et one and speech to noi se produced by various noi se nakers
(Anderson, 1978, Downs & Doster, 1959, Darley, 1961, Sol onon
and Fl etcher, 1958, Meyerson, 1956, Bennett, 1951 Wat son and

Tol an, 1949, and N ckm and Shyanal a, 1971).

I n recent w despread acceptance of acoustic inpedance and
reflex testing provides additional neasures which if used
judiciously, can Inprove our ability to Identify heal th probl ens

dramatically (Anderson, 1978).

I n1939, at worl d' sfairinNewyor k and sanFr ansi sco, t he

Bel | Tel ephone conpany carried out group puretone testing.



3.

The purpose for admnistering these tests were to determ ne
the incidence of hearing di sorders and to determne age, sex
pl ace of residence and economc status on hearing ( Steinberg,

et. al 1940).

Al t hough no adequat e surveys have ever been done in |ndia,
it isvery roughly estinmated that nore than 3%of general popu-
lation suffers fromhearing difficulties, figures fromthe m ni-
stery of education government of India indicate, there are 2,23, 000
deaf children in the nation(1964). But these figures are not
conclusive as they are not based on any reliable survey (Kapur,

1965) .

The aimof an ideal hearing screening should be to | ocate
all the persons with inpaired hearing. In order to achieve
t hese hearing screening should be carried out at a nunber of
pl aces and they should be conducted in such a way that they cover

the entire popul ation.

Most of the attenpts in India, nadeto identify persons with
hearing | oan, have nade use of crude tests of hearing. The
procedure adopted were tuning fork testing, conversational

and whi spered voi ce testing and puretone individual tests. In

many situations 500 Hz, 2kHz & 4kHz were used as test frequencies.
The intensity |levels were not specified in many studies and the

studi es were done in uncontroll ed environment.
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To identify individuals with hearing | oss in the popul ation
group procedures of hearing screening is used nore by way of
economsing in time expenditure and the staff needed for
conducting the testing programme. In India,at present it is)
very difficult to carry out hearing screening progranme,

because of the follow ng probl ens.

1. Insufficient nunber of trained speech and hearing specialist.
2. Economcal problens in the country.
3. The anount of tine required to screen each individual separately

4. The lack of equi pnent needed in conducting screening progranmes.

TO overcone the above nentioned problens a group hearing
screeni ng procedure i s devel oped al ong wi t h a group heari ng screeni ng

audi onet er.

PURPCSE O THE STUDY.

At present in this country there is only one conpany
manuf acturing clinical Audioneters and screening audi oneters.
Thi s screening audi oneter is used to screen only one subject
at atine. A so the cost of this audioneter is too high to have
indifferent clinics in India to carry out auditory screening

progr anmes.

Therefore, the purpose of this present study is to devel op

a group heal i ng screeni ng Audi oneter and a procedur e wher e nany peopl €



can be tested sinultaneously.

Thi s Audi onet er shoul d cost cheeper to suit Indian condition
and the testing procedure should fairly identify an individua

who is hearing inpaired, in a given group.

BRI EF PLAN OF THE STUDY.

Fi rst a group screeni ng Audi onet er was devel oped. Thi s audi orret er

gi ves puretones of frequencies 500Hz, 1000Hz, 2000Hzwi th a provi sion
to perform speech Audionetry. The signals (Tone and speech) are
delivered through a free field | oudspeaker. The intensity range

Oto 10dB, is cantrolled by an attenuator in 10dB st eps.

Kannada picture SRT |list, (Rajashekar, 1976) was nodified and

used to suit in the group screening.

Seventy kannada knowi ng subjects are tested. Goup of 14 subject
are tested together. First puretones were delivered through

| oudspeaker starting from 60dB and decreasedup to 20dB in | 0dB
steps. Subjects were asked to count and math in a response sheet

as many tines as they hearnd. Secondly, kannada spondai c words were
given at 60dB | evel decreasing to 20dB level in 0dB steps. The

subj ects are asked to tic the appropriate picture in the response she

A therapy roomat Al India Institute of Speech and Hearing was

used as a testing roomwhere the noise |evels were found to be very
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less .  \When At was neasured using B & K sound | evel neter(type 2

It was found the noise | evel was 30dB, (A).

Conventional hearing eval uation was done in a sound
treated roomfor all the subjects to find out the reliablity

of present procedure.



CHAPTER. | I

Review of Literature.

A nunber of specific techniques for screening the hearing
of large popul ations have been described in the literature
ever the years. The Major classifications of these techniques
are sunmarised bel ow.  The procedure or technique chosenfor any
given group of hearing conservation progranme is typically sone
variation of one of there basic techniques. The nodifications used
are often dictated by the |ocal situation. Hearing screening
procedures are admnistered in either individual or group settings

with group being as large as 50 children for one admnistration

of the test.

The signals are nmost often individual puretones or speech;
However, noi se makers environmental or ani mal sounds have been used
on decasaions wi th varying degree of success. The obvious advantage
of group hearing screening procedure is that several children can be x
screened with each admnistration of the test procedure with the
end results that norechildren can be seen in any given period of
time. There are some disadvantages which nmust be taken into account
inevaluating the overal|l effeciency of group as opposed to individua
admnistered test. These are the maintenance of the equi pnent and

caliberation. The necessity of insuring against cheating and as



typically higher rate of false positive identification

obt ai ned wi th group screeni ng (Anderson, 1978).

PROCEDUREs USI NGSPEECH SI GNAL

The fadi ng nunbers test wasthe first hearing screening
procedures to be used on a large scale. Wth is techni que
pairs and triplets of digits were recorded on a Phonograph
disc with each set of nunbers presented at a | evel three dB
| ess intense than the proceeding set. These di scs were pl ayed
on a western electric 4-A or 4-B Phonograph speech audi noter.
The out put of which could be directed to 40 children through
different ear phones. The children were gives bl anks on whi ch
they were to wite the nunbers heard each tine, they were alerted
to listen. The answers which were disigned in each a way
they could be scored easily to determne the | owest dB | evel
at which each child was able to identify the digits correctly,
Acut off level, usually, "the 9 dB level" (Newhart & Reger,
1956) was chosen and any child could hear at this |eve

or lower |evel was considered to have hearing within normal limts.

One obvi ous di sadvantage with the fadi ng nunbers test was
the children have to be able to respond by witing the digits,
requi rement which limted its use with younger or intelluctually

limted chil dren.



Newby (1958) indicated that children with | osses as high as
32 to 50d® at | kHz and 2kHz have been able to pass the fading
nunbers test at 9dB level. A so a child who passed in the fading
nunbers test may not be able to function adaquately in the
conversation situation because digits are not representative

of running speech.

Many children with high frequency | osses of hearing sensitivity
above 1k were able to identify the digits correctly on the basis
of the acoustic information contained in the |ower frequencies
and, therefore, their having | osses were net identified wwththis
procedure. For this reason, the procedure has fallen into disfavour

and, hopefullyisno |onger in use (Anderson, 1978).

Several other procedures using speech signals have been devel oped
since the fading nunbers test in attenpts to overcane tane of its
di sadvant age, Wat son and Tol an (1949), Report the use of mce
RS Audi onet er enpl oyi ng equi pnents simlar tp the western electric
4 series audioneters to play disc recording of individual nono
syl | abl es which coul d be represented by pictures which the child identi
fied, This fading word test used the sane techni que as the

fadi ng nunbers tests of reducing the | evel of each succeedi ng

| evel reducing the level of each of 3 dB. Watson&Tol an felt that

having the child identified the pictures representing the nono—
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syl | abl e wor ds, overcone both the problemof a witten response and

lure to identify the children with high frequency | osses.

Bennett (1951) reported the procedure simlar to the
M coRS test whi ch used nonosyl | abi c words as the Auditory signa
with picture as the response node. |In these test a closed
response set of 4 Phonetically simlar words is presented for each
trial. Bennett has reported a rather strong positive relationship
bet ween hi s procedure and puretone screening in Identififying

6 years old children with hearing | oses.

Mayer son (1956) reported the use of spondai c words to screen
the hearing of children. He used spondees whi chcoul d be pictured
and instructed the children to point the picture of the word
each tinme. 1In addition to the standard presentati on of the words,
he al so had high pass filter presentations. |t was Mayersons
i npression that his verbal audionetric test was adequate for
identifying children with | osses of hearing sensitivity into

range of speech frequenci es.

In attenpt to find a nore effective procedure for identifying
preschool children wth hearing inpairments, a group i n Mnnesot a
devel oped a procedure called Auditory screening for children or
VASC Audionetry (@iffing , simmonton and Hedgecock 1967)

Twel ve spondees whi ch can be pictured are recorded on
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tape as speech signals. The first word is presented at a
| evel of 51 dB (re nornal speech reception threshold (SRT)
where the last 3 words are presented. The test is admnistered
to two children at a tine, while an observer records the
responses of each child as he/she points to the pictures. It
has been noted that children who have hearing inpairnments nay
be | abell ed as having hearing within normal Iimts when only
the words are used. 1In an attenpt to overcone this probl emof
fal senegativeidentificationonthebasisof | owfrequenci esrecognition
of the words, a lions roar and a birds whistle have been added
to the signals to be identified in the pictures. Mncher and
Mc Qulloch (1970) reported that the VASC was inadequate in
identifying hearing | osses in Kinder Garten children despite
the fact that the childrens with hearing inpairnents may net
be identified with the VASC, it has gai ned popul arity since
vol anteers can be trained to Admnister it. It is available
comercially on cartridge tape and is currently being used

i n a nunber of hearing conservation in programre for preschool

chi l dren

PROCEDURES USI NG PURETONE S| GNALS.

Pul se tone descri bed by Keger and Newby (1947) was one of the
first group screening test to use puretone signals. In these

tests, the |listener records the nunber of bursts of tone heared
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with each alert 2 descending series of of presentation of tone
are givenin each ear for each frequency chesen for presentation, the
frequency tested 500, 1000, 2000,4000 and 6000 Hz. The | owest
| evel at which the listeners correctly identifies the nunber of puls
in one of the Two series is consideredto be an estinate of
threshold for that frequency. The responses are recorded on
answered sheets whi ch can be checked after the test is admni -
stered. Dependi ng upon the equi pnent which is available, this
test can be automated and admnistered to as nany as forty
listeners at a tine. A loss of 20dB at any of the test frequency
ineither ear is considered to be the failure of the test.
I ndividual testing is indicated for those who failed in the test
so that appropriate referral or necessaries nmay be nmade for the
children. Wth this test procedure it is necessary to teat
one ear at atinme. Aorig (1965) reports a nodification of
this technique, whereby sane of the pul sesin each group are
presented to one ear and others are presented to opposite ear.
In this way, it inpossible to evaluate, the response in both ears
at the sane tinme by scoring the nunber of pul ses reported as heard
at eachl evel .
Johnston (1948) devel oped t he Massachussettc test of a group

pure tone test. Wth this nethod forty children can be screened

simul taneously. Three frequencies are utilised in this test,
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500, 4000, 8000Hz. These are presented at hearing | evels of 20,
25,30dB respectively. The tester calls out a aeriesof nunbers
ranging froml to 6. The children are informed that after each
nunber is called, they may or may not hear a faint tone. The tone
is heard the ' YES opposite to the nunber is dueled. If NO tone
is heard they circle '"NO. Following a prearranged plan the
audi onetrician will occasionally not present atone after giving
the signal, for observation. If the nunber of the 'NO
at any frequencies differs nore than 2 fromthe way in which the
test was presented, the subject fails in the test. Because of the
difficulty in matching the tone at 8000Hz. Later instructions for
t hese tests have specified the highest frequency tested shoul d be
6 KHz. In an attenpt to nake this test applicable to younger
children who are unable to read or ot herw se respondi n YES, NO
situation, Johnston (1952). Later offered a nodification which has
been cal | ed t he Johnston puretone G- oup Screening test. In this
procedure, 10O children each with an earphone are seated in a sem -
circle and asked to close their eyes. They had to raise the
hand when the tone is presented. Johnst on al so suggest having a
switch available to cut out certain earphones at tinmes. Inthis
way the person admnistering the teat can be reassured that the

children are responding for the tones and not to other cues.

In 1939, at the worlds fair in New Yark and san Fransi sco,



the Bel |l Tel ephone Conpany carried out tests with nusical tones
and speech (Steinburg et. al 1940)

Anderson (1952) constructed a group puretone test of hearing
usi ng 500, | 800, & 2000 Hz tone. The tonse were given at a |l evel of
15dB. The subjects were required to count the nunber of tones they
heared these tones, in each ear. Anderson forned that the pul se
tone test was a good screening test device. He al so determned that

bursts of white noise could be utilized as test stinuli.

In 1953 glorig described an instrunent, he designed to test 50
persons simltaneously for screening with pure tone frequencies rang-
i ng from 500 to 8000Hz. The instrunment was started by press
a button and then continued through entire cycle autonatically.

The stinmuli were delivered in different nunbers in left aad right
ears . The subjects have to listen and count, the tones they heard

and then record the nunber in the answer sheet.

Nel son (1952) admnistered a pure tone group test to 2400
school children. The frequency used were 256Hz and 496Hz at
intensity level s 45, 35, 25,15,5 & 0 dB above nornal threshol d.

The children were instructed to make a dot when they hear a short

tons and dash when they hear a |ong tone.

Cox et. al (1957) pointed to the utilisation of a nobile

| ab of a group hearing screening tests. Solonon and Fl et cher
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(1958) used group audionetry in conducting a survey of hearing
| osses anong arnmour personal. They tested 18 persons at atine. Stin-

l'iv used were warbl e tones of frequency 500, | 000, 2000, 4000 & 7000Hz.

Hedgecock et.al (1973) uaed autonatic screening audi onetrice
technique testing 4 persons at a tine. BeKesy audioneters is used to

screen a group of peopl e.

Webster in 1952 reported the devel opnment of a warbl e tone
screening test. The test tone waa presented through a | oudspeaker
in a reverberant room The tones were presented w th decreasing
intensity from40dB above normal threshold. The greatest
Barrier to obtain satisfactory results in such atest is the

unpr edi ct abl e anbi ent noi se | evel s.

HEAR NG SCREENI NG IN | NDI A

Most of the attenpts nade to identify persons with hearing
| oss in India nmade use of crude tests for hearing . The stimli
used were arbitrary and intensity |levels not specified. The studies
were done in uncontrolled environment. This involved a | ot of
subjectivity in the criteria enployed. A few exanples of the
studi es conducted in India are: Msra (1961), in a sanple survey
of 50000 school children found that one in every thirty children reg-

uired attention for hearing problem
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Kapur (1965) tested school children fromschools in and around vello
end concl uded that preval ence of hearing |oss in these children
was 16. 3 to 6 % The test given was individual puretone.
Any child who failed to respond at 25dB for any of the frequency
from500 to 6000Hz was considered to have failed in the test.

Qupta (1966) tested 3504 children using tuning fork,
conversational and whi sper voice test. The children wi th wax
inthe ear were also included in the test which reported 35. 4%
of the popul ationasthetest failures. Jain(1967)tested 5000
chil dren usi ng sane procedure as Qupta (1966) and reported 39.13%

of the popul ation to have fail ed.

Q her studies are reported where full details regarding
the test procedure and the criteria used are not specified. Such
studies are as fol |l ows.

1. Dr. Abrol et. al (1971) study on 210 subjects fromrural area
usi ng group and i ndividual procedures.
2. Study on 1886 school children done by Dr. Kanmeshwaran S.
I n 1967

3. Shah et. al (1971) conducted individual hearing test for
school children at Bonbay in a conparatively quiter area, of
t he achool. The frequencies tested were 4000, 2000 & 500Hz
at 15 and 25dB | evels. Any child who failed to respond at 15dB

| evel for 2000 & 4000Hz and at 25dB for 500Hz t one was consi dered
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to have failed in the test. The total nunber of subjects

screened were 7100 in the age range of 5-9years.

Vi swanath et. al (1971) used individual puretones screening
test to screen 410 school going children in a rural area. The
testing was done in a quiet area of the school. The frequencies
tested were | 000, 2000 & 4000Hz at 20dB & 500Hz at 30dB Hz (ISO
1964) : (in the order of presentation). The test was considered
positive if the child failed to respond at two are nore frequenci es
In one ear or at the sane frequency in both the ears. However,
if the subject failed only for 2000 or 4000Hz i n one ear
only that the test was extended to frequenci es 6000 & 8000Hz at

20dB 18. 9% I f t he subj ect s failed t he test.

Dr. N kam (1970) reported a school screening progranmmre being
conducted at A l.1.S. H, children were brought to center and were
tasted in a norecontrol |l ed environnent. The frequencies tested
wer e 500, 1000, 2000 and 4000Hz at | evel s 30dB, 20dB, 20dB and
20dB respectively. The | evel s were deci ded upon after a vali -
dating threshold study on 50 children with nornmal ear, nose &
throat & Hearing findings. Al 2048 children were given the test
Qut of these 247 children failed the screening test but out of
these 62 were found to have hearing | oss. The fal se positive

score, as seen is quite high in this study.
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Cfall the studies reported only a few have reported the use
of standard procedures, and defined the criteria for fall or pass
inthe test (shah Vijay et. al, 1971), N kam Shail aja, 1970,

and Vi swanath et al, 1971).

Sat hyendr akurmar (1974) devel oped a nass screening test which
coul d be broadcasted ortel ecasted and thus adm ni stered be al |
the people listening to the broad cast. The intention of this
test was bhat if such a test of hearing isbroadcasted, in one
admnistration of it, it would test a very large no. of people.
The test was broadcasted fromA | |ndia Radio, Bangalore. 195
persons responded to the test by sending hi mthe scoresheetsa
It was found that Broadcast nmass screening test is a valid and
effecient test. The nmass screening test can be used to test an
alnost an infinite nunber of groups of subjects at a tine. It
does not require any special equipnment. The test environnent need
not be controlled for the admnstration of this test as it relies
on intra group conparison of the responses for interpretation. The
nmet hod consi sts of presentati on of tones of frequencies 500Hz,
1k, 2k, & 4kHz. Each tone is presented severa tines and for each
subsequent presentation, the intensity of the stimuli is reduced
still the tone becones too weak to be heard. The subjects sit

inagroup infront of the speaker of a radio receiver in the form
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of a semcircle . Thus the distance of the speaker from each
subject is kept sane for a particular group. The subjects are
asked to count and wite down the nunber of tines they hear each
t one. There is no need for a trained personnel for the adm nis-

tation of the test.

SPEECH CR PURETONE S| GNALS.

The hearing screening procedure currently in use suggest
whet her or not the individual has hearing with-in normal limts
inrelation to some reference group and | ead to inferences about
a range within which his or her hearing threshold levels fall.
Signal s have to be chosen to provide the nost efficient in the
estimate of hearing status. It is a standard procedure in the
nmeasurenment of hearing to sanple at-least the hearing threshold
| evel s across a given range of frequencies. The frequency re—
presented in noreconplexauditory signals such as speech
noi semakers and ani mal sounds usual |y cover a broad range;
However, we have to recogni ze the detection or recognition of
one of these signals, nmay be dependent upon a very snmall portion
of that range, Hearing screening procedures using these signals
may not sanple the hearing sensitivity adequately across the freg-
uency range and, therefore may result in a significant nunber of

fal se negative identification
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It is cooimon practice in hearing screening to use a sinpler,
nore easily defined puretonea as the signal of choice. Speech
noi se nmakers and various ani nral and environnmental sounds conti nued
to be used when, for sone reason, it appears, that it is too
difficult to get children to respondto pure tone. Despitethe
heavy critici smwhich has been levelled at screening procedures
rel ying on signals other thanpuretone, these procedures continued

to enmerge (Anderson, 1978).

Oiteria for identification

It is assuned that the goal of hearing screening testing is
toidentify the individual with actual or potential hearing
| npai rments of significant as comunication or health problem the
criteria for identification will have to be consistent with
this goal. The signals used on behavioral testing which nust
be correctly detected or recognized in order for the individual to
denonstrate hearing within nornal |imtsnust be representative
of the frequency, range considered to be inportant for these purpo-
sesand nust be at a level at which it is responsible expect
their detection. The |l evel of the signal nust not be so high nor
t he frequency range sorestricted; however, the individual wth an

existing or potential hearing problem it not identified.
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I'n 1961 the national conference on identification

audi ometry, (Darley, 1961,P.31) recomrended that puretone

can be used as the signals for the hearing screening and that

P Only Four Frequency can he considered in the criteria

for referral: 1000, 2000, 4000, 6000 CPs. It is reconmended that screen-

ing be done at 10dB |level with reference to the present Americian

standard Audiometric Zero (ASA, 1951) for the frequency 1000,

2000, 6000 Cps and at the 20dB level tor the frequency 4000cps.
Achild would be judged to have failed in the screening test and

to be a candidate for referral for the next step. If he failed to

hear and ... ... ..

any of these signals at these levels in either ear.

Anderson, 1965 and Lloyd, 1966 have pointed out that an easy
and useful conversion of these levels to the ISO 1964 at al

frequenci es.

The justification of thenational conference for recommending
these frequencies was that children often failed to hear the freq-
uencies below 1000 Hz simply on the basis ef inter-ference from
the noise in the environment. And that the information at 8KHz
was rarely used clinically. Their justification for the levels
recommended was to insure the identification of thechildwithin
25dB (1SO, 1964). Hearing threshold levels. The reasons may be
adequate in many situations. Many practitioners prefer to include

500 Hz in these screening frequencies and referral criteria when
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f easi bl e

Areviewof the data of Eagl es w shi k and Doerfl er 1967
and Roberts, 1972. Does not support the inpression that
children with Mddle Ear disorders will be identified any nore re-
adily with the inclusion of 500Hz. It is recomrended whenever
possi bl e atl east 500Hz be added to the frequencies used for

referral criteria.

Si nce many children have hearing threshold |evels at

4k & 6k Hz at 30dB (ANSI, 1969) or greater and do not have a pro-

bl emof medi cal significance (Newby, 1964) recomends t hat
priorities for medical referrala be given to the children
identified according to these criteria. The Col ogi st or

Physi cian in the progranme can then determ ne, on the basis of
these priorities, which children should be given individual
medi cal exam nation. He suggested that the highest priorities
be given to those children falling to neet the the criteria for
hearing within normal limts at 500, 1k & 2k Hz. second hi ghest
priority shoul dbe given to those denonstrating reduced hearing
sensitivity at any of these frequencies and |owest priority to

those with a loss of hearing sensitivity at only 4k & or 6K Hz.
The Asha conmttee in Audiometric eval uatlon (1975)

reconmends the use of the followng priorities for an audiol ogic
referral
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e. Binaural loss in both ears at all frequenceis.
b. Binaural |oss at 1000 & 2000 Hz only.

c. Binaural |oss at 1000 or 2000 HZ only.

d. Mnaural loss at all frequencies.

e. Munaural loss at 1000 & 2000Hz.

f. Binaural or Mnaural loss at 4k only.

It appears to be generaliy accepted today that one shoul d be
use 1k, 2k, 4k at | evels no higher than 25dB. ANSI, 1969

inthe criteria for referral.

House and Gl ori g 1957 once suggested the use of limted

frequenci es audionetry in which only 4kHz or 2KHz and | KHz

wer e used.

A nore preci se procedure, especially for identifying
aedi cal significance mght be to use 500 to 6000Hz at the
| evel of 15dB ANSI, 1961 as suggested for all frequencies

by d oring, 1965.
TESTI NG ENVI RCNMVEM.

The noise level with the distractions in the testing
envi ronnent can be crucial in determning or undermning the
ef fecti veness of any hearing screening progranme. For this
reason, specific attention needs to be given to the testing

envi ronnent whi | e choosing a pl aceto admnister atest.
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(bservations of the environnent need to be nade during acut al
testing, as well asprior to the selection of the |ocation.
Especi al |y, inbusy, croweded areas the hearing testing enviorn—

nment can change dramatically without notice resulting in a high
rate of ms-identification. A though noat standards for acceptable
anmbi ent noise levels in hearing testing roons (Exanple ANSI, s
3.1/1960) are witten in order to avoid situations where the

environnental noise will mask the signals being used in the

test. Examner nust also be alert for any distracting visual

or acoustic signal in the environnent which will take the attendi ng

i ndividual away fromthe listening task at hand.

Sites for hearing screening & testing need to be sel ected
so the individual can be placed out of visual or auditory contact
other activitiesin the area room selection will depend upon the
daily schedule in the builing, general environnent availability
of electrical outlets and the appropriate sit for admnisteringthe
test. The test site should be chosen to avoid any naj or noise
sour ces such asboil er roons, recess areas, Physical education
ar eas, shops or choral music and band rehercel areas during periods
of use. Roons which often nmake group testing sites include
auditoriumstages with the curtains drawn, libraries, private

of fi ces conference room nusic roons (Anderson, 1978).
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QG oup procedures at screening offered norebyway of econom -
sing in time, expenditure and the staff needed for conducting
the testing room The tests, nost often were given in sound
treated room nost often nmaking use of the multiple head set
Audi oneters, except in one study where the test was gi ven usi ng Loud-
speaker in a reverberant roomand the other tests using broad cast.
The maxi mum nunber of subjects tested at a tinme has been limted
to 50 subjects only. In addition, there are probl ens of
having |large sound treated room costly equiprent/difficulties

in caliberatlon and ensuring agai nst cheating in group testing.

In the present study by devel oping a group screening
audi oneter were the signal, is delivered through a | oudspeaker
and many individuals can be tented sinmultaneously. The
intensity of the stimuli can be controlled. A quiet room
i snore than sufficient to serve as an audionetric room Both
pur et one audi onetry, for 500, 1000 and 2000 Hz and speech
audi onetry can al so be performed to ensure the reliability of the
test. This instrument and the screening procedure will be
nost economcal for the Indian conditions for I|dentifying

heari ng | oss canes in general popul ation.



CHAPTER | I |

METHCDOLGGY.

The present study consists of three parts. The first part of
the study is devel oping a group screening Audi oneter. The
second part is preparing speech material for group screening pur-
poses. And the lest part in the study is admnistering group

screening test and standardising it.

PART : |

An Audi onet er whi ch can deliver puretone signals of frequ—
enci es 500, 1000 and 2000Hz and speech signals which is fed
froma tape recorder through a freefield | oudspeaker was const -

ruct ed.

PURETONE S| GNAL:

The puretones 500Hz, | 000Hz and 2000Hz wer e obtai ned from
a weinsbridge IC Gscillator. The weinsbridge oscillatoris capa-
bl e of generating low distortion sine weavta of 500, 1k and 2KHz.
An operational anplifiers type 741 C (BEL) is used along with
t he wei nsbri dge with different resister net work to obtained
t he above frequencies. Afield effect transister (FET) is used
tolimt the output level of the oscillator. The val ues of
t he wei nsbridge are cal cul ater using the formula f=I/2 RC

The value of 'C is kept constant wer e as val ue of
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'R is changed for three different frequencies inthis present
study. The table gives the operating condition of the oscillator
The frequenci es and di stortion of the sine waves are neasured usi ng
frequency counter type 203 (Radart) and distortion factor neter

nunber 811 (systronics).

To caliberate frequencies the necessary presets (P1, P2, P3)
are used in the arns of weinsbridge. Equaliser potentio-
neters are incorporated at the output stage of the oscillator
to obtain electrical output such that when the signal is applied
at the anplifier, the acoustical output obtained fromthe | oud-
speaker is equal (the presets are p5, p6, p7)

TABLE |.

CPERATI NG CONDI TI ONS OF THE G50 LLATCR

perating voltage + 10, 0 - 10 Volts

Qurrent rating 50mA

Fr equency Qut put signal distraction Qut put Vol t age.
500Hz 3% .3V
1000Hz 2% 1.3V

2000Hz 2.8% 1.3V
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A four pole five way band switch is employed to perform

the operation of the selection of the signal in the following

order.
Posi ti on 1 - No si gna
Posi ti on 2 o Speech
Posi tion 3 o 500Hz
Position 4 o 1000Hz
Posi ti on 5 o 2000Hz
SPEECH

An input provision is made to give recorded speech signals.
In the input stage, a potentioneter is used to control the

I nput signal strength.

VU net er:

AV neter is incorporated at the input stage of the
speech signal . Asinple mlli ameter, calibrated in terns
of volune units by giving a snall rectified signal obtained

fromthe speech input.

| NTERRUPTER

The puretone signals fromthe oscillator is made to pass
through an interrupter, to the attenuator. The speech signa
fromthe speech input stage is made to bypass the interrupter

to attenuator, through the selector switch network.
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ATTENUATCR

A variable step attenuator is enployed to attenuate the
output signal to required level. The attenuator attenuates
the level in 10dB steps. The Mnimum |level of the attenuator
i's 0dB and Maximum | evel is 100 dB. The circuit diagram of
the attenuator network is shwon in the figure4. Though the
range 0 to 100dB is not used for group hearing screening pur-
poses,the provision is enployed to used the Audi ometer for
different purposes such as freefield screening of young children
and to test cases in speech and hearing camps conducted by

Al'l India Institute of Speech and Hearing.

AWVPL| FI ER.

the Anplifier consists of a single operational anplifier
(741C) which drives a complementary-Symetry output circuit.
The anplifier is provided with adjustable negative, feedback
to mnimze the distortion and keep the gain constant. The
output of the anplifier is fed to a |oudspeaker of seven ohms

| mpedance. Table: 3 shows the operating conditions of the

anplifier.

TABLE: 2
OPERATI NG CONDI TION OF THE AMPLI FI ER

Power supply +10 0 - 10 .
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Current rating 50 M in no signal condition.
300mA in signal condition.
Sensitivity 2nV at 1KHz.
Power out put 3 Watts peak.
Frequencyresponse 20Hz to 8 KHz. with the deviation
Of + 3dB

Di stortion Less than 5%at 1 KHz.

L OUDSPEAKER

Philips Freefield Loudspeaker type 9710M 01 was mount ed
inanenclosure as recommended by the conpany. The Table 3

shows the specifications of the speaker.

TABLE 3
SPEAKER SPECI FI CATI ON
Di anet er 217 mm
Total depth 114 mm
Power handling
capacity | ow.
| npedance 7 Ohns.
Total Fl ux 980 (pn WB)?
Flux density 800 (nm)?

Encl osure Vol ume >>30 |liters.

Frequency range 45 to 19000 Hz.
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A Teakwood cabinet of 35 [iters with the follow ng dimention
I's made to nount the |oudspeaker.
Lenght 600 mm
breadt h 380 nm
Hei ght 160 nm

PONER SUPPLY

The oscillator and the anpilifier are provided with the
external DC power supply of 20V. The 20V it splitted in
to+ 10 0 - 10 using potentional divider network

as shown in t he figure 6.

The potential divider network is incorporated al ong

w th the audi oneter

The Gsillator, and the power anplifier are nmounted
on a Printed circuit board made for this purpose. The
printed cicuit board ia mounted on the front panel of the
audi oneter. The signal selector swtch, attenuator, V.U
meter, on/off swtch and pilot lanp are fixed on the front
panel . The Interrupter switch, power input, tape input,
Tape input control and output of the audioneter are fixed
on the side panel. The figurelshowsthe |ocation of the
various controls of the audiometer. Figure Two shows the

wi ring diagramof the audioneter.
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The cabinet of the audionmeter is made out of copper and
alumnium This acts as a good shield for the circuit. The

di mention of the cabinet is as follows.

Lengt h 30cm

Breadth 24cm

Hei ght 8cm
CALI BRATI ON:

The calibration of the group screening audi oneter

was carried out as foll ows:

The frequency was calibrated using a counter type 203
(Radart). The frequencies 500Hz, 1kHz and 2kHz were adj usted
sharpely by adjusting the presets(pl,p2 & p3) which are in
the oscillator board. The output intensity fromthe speaker
was cal ibrated using sound |evel neter type (2203 B & K) ,
along with octave filter set type (1613 B & K), condenser
m crophone nunber 4145 (FREE FIELD) was used .  The sound

| evel nmeter was calibrated using piston phone type (4220 B & K) .

The Qutput intensity of group screening audi oneter was
made 1.5 neters fromthe centre of the speaker box. The
attenuator was set at 90dB to avoid the external noises.
The output intensity was adjusted by adjusting the freesets

(p5, p6, & p7) which are in the oscillator board.
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The attenuator was set at 90dB the output intensity at
these speaker was adjusted for different frequenciesas re—
commended by ANSI, (1969). The table four shows the out put

val ues for different frequencies.

TABLE: 4
QUTPUT | NTENSI TY FCR D FFERENT
FREQUENCI ES.

Fr equency Expect ed out put When t he attenuator
in from | oudspeaker is at 90dB the out -
Hy in S P.L. put in S P.L.

99dB
1000 3dB 93dB
2000 -3dB 87dB
Ref: ANSI, 1969 as quoted by W | ber, 1978.
The Maxi mum out put of the Audi ometer was adjusted to
100 dB HL. The whol e calibration was carriedout in one of

the sound treated roomat Al India Institute of Speech and Hearing.

Thefield around the Loudspeaker ata distance of 1.5 mand

2.5 mat an angle of 45° fromnormal axis is measured. It is

observed that the difference of sound | evel between the 2 distance is

only 2 dB. Hence it is ignored.
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PARTI |

PREPARI NGSPEECHMATERI ALS

Kannada picture SRT i st (Rajashekar, 1976) is used with40
alittle modification to screen kannada knowi ng subjects. The
Kannada picture SRT list | (Adults) and SRT list Il (Adults)
are pool ed together and the common pictures among this pooled
adults lists and the children list are selected. The selected
12 pictures are found to be common in both adult and children
lists. This is done to screen groups consisting of adults

and chil dren

The pictures were drawn in a single page and cyclostyl ed
to use as a response sheet. The pictures and the kannada
wordslistforthosegiveninthefigur7andtableFive

respectivety.

The original picture SRT |list as given by Rajashekar, 1976,
isalsogiveniathe table 6, 7,& 8. The words are recorded

in a Cassette tape for the testing purpose.
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TABLE : V

THE WORDS LIST USED FOR THE TEST.

1. bekku (cat)

2. hu:vu (Flower)
3. kivi (ear)

4. mArA(tree)

5. KAnnu (eye)

6. ba:tu (duck)
7. sAikAl (cycle)
8. ko:11 (cock)
9. ka:ru (car)
10. buguri (top)
11. mAne (house)

12.a:ne (elephant)
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THE ORIGIONAL PICTURE SRT LIST. (Rajashekar)
TABLE VI
WORD LIST I (ADULTS)

1. gula:bi (rose) 11. hAllu (teeth)

2. MAdAke  (pot) 12. simhA (lion)

3. Ka:ru (car) 13. Kuri (sheep)

4. e:ni (ladder) 14. mosAle (crocodile)
5. mAne (house) 15. bekku (cat)

6. Condu (ball) 16. buguri (top)

7. CAkrA (wheel) 17. kod e (umbrella)
8. Jjinke (deer) 18. uyya:le (swing)
9. mANCA (cot) 19 gu:be (owl)

10. KitAkl (Window) 20. gAnte (bell)
TABLE VIT

WORD LIST II (ADULTS)

1. a:ne (elephant) 8. kivi (ear)

2. 1ili (rat) 9. re:dio (radio)
3. Ko:1i (cock) 10. hAggh (rope)
4.Dbi:gh (lock) 11. mArA (tree)
5. kannu (eye) 12. ha:vu (snake)
6. ba:n (arrow) 13. ta:vAre (lotus)
7. ha :rA (garland) 14. mAngA (monkey)
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15. &l:iA  (bag) 18. pennu  (pen)
16. sAikAl (cycle) 19. ba:tu (duck)
17. &e:1lu ( scorpion) 20. kurci (chair)

TABLE VIIT

WORD LIST (CHILDREN)

1. kudure (horse) 9. a:ne (elephant)
2. na:yi (dog) 10. ko:11 (cock)

3. hu:vu (flower) 11. KAmnu (eye)

4. ka:ru (car) 12. kivi (ear)

5. mAne (house) 13. mArA (tree)

6. huli (tiger) 14. sAikAl (cycle)
7. bekku(cat ) 15. ba:tu (duck)

8. buguri (top)

RECORDING PROCEDURE.

Cosmic professional sterio cassette taperecorder and philips
C90 cassette was used to record the words. The right channel
of the tape recorder was used. While recording, the mic in-
put gain was controlled to give the Vu meter full scale dif-
lection. The recording was done in a sound treated room at
All India Institute of speech and Hearing. The recording

was made by a 22 years old male whose mother tongue is
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Kannada. He was experienced in the technique of nonitored
| i ve voi ce speech audionetry and had adequate practice with

the test materials prior to the recordi ng session.

Before starting recording the words the instruction for
speech audi onetry was recorded. The Instruction is as foll ows:
"I amgoing to test your hearing sensitivity. You

wi Il be given a response sheet where few pictures are printed
in the first page. Now whenever you hear a word

which is appropriate to one of the pictures found there, please
mark a tic against the picture. |If you do not understand

the word it does not matter |eave that word and try to con-

centrate on the next word."

The instruction above nentioned is rerorded in the Kannada
| anguage . The pictures recorded randomy in the tape that is
t he order of presentationi snot sanmeas gi veni nt heresponse sheet. The orde
recording is given in the table.No.5. A carrier phrase
" mark the picture " is used before each word. Atinme gap
of 15 seconds between each word was given which will hel p the

subject to mark the appropriate picture in the response sheet.

At the end of this SRT |ist recording, the instructions

for puretone screening was al so recorded. The instructions
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are as foll ows:

"Now you turn the the page. Here you see there are 3
colums and 5 rows. How you will here tone bursts: This
may vary between 2 to 4 . You count every tinme carefully
and wite down in the first colum in the first row . when

| say next you will hear some nore nunber of tones, you
count this and wite inthe 2nd rowin the first col um.
Like this, you first conplete the first colum and then
go to 2nd and third colums when | say. Wth this above

I nstructions in Kannada forpuretone audi onetry, the recording

I s conpl et ed.

PART |11
TESTI NG PROCEDURE

seventy Kannada knowi ng subjects were tested. The
subj ects age range from6 to 73 years. Bot h fenal es and
mal es were tested. The 70 subjects include hearing | oss
cases of All India Institute of Speech and Heari ng, cases
gurdi ans, and students of Al India Institute of Speech
and hearing school going children.
EQUI PVMENT USED: -

The group hearing screening audi onmeters whichis

described in the part | of the Mthoddogy, is used for
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screening purposes. A cosmc sterio casseette tape recorder
I's used to deliver the speech signals and the instructions
whi ch are recorded on the philips casseette. The conplete

testing setup is shown in the figure 8.

Fourteen subjects were tested at a tine. The subjects
were made to sit inan arc of acircle, intw rows. The
di stance between the first row and the centre of the speaker
was 1.5 mand that of the second rowwas 2.5m . This distance
and the seating arrangenent were kept constant while testing

all the Five groups.

he of the therapy roomat All India Institute of speech
and Hearing was used as a test room The noise level in
the roomwas very | ow when it was neasured using B& Sound

level meter. It was found 30dB(A).

Before starting the test the subjects were given a penci
and a response sheet where pictures are printed in one side.
And the othrr side tabular colum is printed for the purpose

of puretone responses. This is shown in the table No. 9

After keeping everything ready for testing, atapeis
pl ayed and the output of the audionmeter is kept at about

80dB levels. After the first Instruction part for SRTis
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TABLE | X
PURETONE RESPONSE SHEET.
1 2,
3.
500Hz | 000Hz 2000HZ.

over the tape is stopped for 30 Seconds. And the subjects
wer e asked whet her they have got any doubt in the instruction.
Ensuring every subject has understood the instruction the

testing is started.

To find out Speech Reception Threshold, the presentation
| evel was started at 60dB and decreased by | 0dB steps till
20dB . The nunber of pictures presented at each presentation

level is given in the table nunber 10.
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TABLE X
Pl CTURES PRESENTED AT DI FFERENT
| NTENSI TI' Y LEVELS
Intensity level Number of Pictures Nambux of
dB HL presented at each level Pictures
60 1 Cat
SO ) | Flower
40 1 dar
30 3 Tree,eye & duck
20 3 Cycle mock,car.

PURETONE TESTI NG:

The puretone testing also started at 60dB |evel for each
test frequency 500Hz, 1000Hz and 2000Hz. The number of present-
ation at each intensity |level was varied Between 2 to 4.

The number of presentations at each intensity level for each
frequency are prearranged before starting the test, and

was used with all the groups simlarly. The mode of present-
ation is shown in the table No.11. Between each tone
burst approximtely three seconds time were given. Between
each I evel of presentation 15 eeconds time was given to make the

subjects mark on the response sheet.
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TABLE X
THE MODE OP PRESENTATI ON FOR
PURETONE TESTI NG.
st sented
Inten;:tyuifvtl 500 Hz 1kHiz ZkHz
60 3 4 2
50 3 3 &
40 4 3 ’
30 2 ¢ ¢
2c F 3 3

CONVENTI ONAL AUDI OLOGI CAL EVALUATI ON:

Al'l the subjects were tested individually for puretones
and speech in the sound treated rooons at All India Instittute
of Speech and Hearing to find out the reliability of group
screening audi ometers and the procedures. The frequencies
tested are 500Hz, 1k, 2k, 4k, 6k and 8kHz. Both Air Conduction

and Bone Conduction threshol ds were taken for puretones.

The obtained results are discused and proper reconmendation

for group screening are made.



CHAPTER |V

RESULTS AND DI SCUSSI ON

In this present study a group hearing screening audioneter
I's devel oped, as described in the methodol ogy. The conplete
technical data regarding the group screening audiometer is

as follows:

1. Test frequencies 500Hz,|1 000 Hz & 2000 Hz.
2. Speech signal Via tape.
3. Intensity 0 to 100dB HL in 10dB steps

4. Distortion of the Puretoce signal is |ess than 5%
5. Operating voltage 20V . DC. 500mA

6. Power consunption 4w peak

7. provision is provided with Vu meter to control
the speech input.

Wting tne Kannada picture SRT list (which has been modified
for group screening purpose), seventy Kannada knowi ng subjects
are tested. All the subjects were also tested using conventional
testing procedure to ensure the reliability of the group
screening procedure. In conventional testing procedure 500Hz
1kHz, 2kHz, 4kHz, 6KHz and 8kHz were tested for both Air conduction
and Bone conduction. SRT test was also performed. The subjects
were diagnosed by the conventional audiometry using the follow ng

criteria.
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Tabl e: Xl |
CRI TERI A USED FCR THE DI AGNCSI S.
HL in dB D scribtive term
-10to 26 Normal limts
27 to 40 MId Hearing | oss.
41 to 55 Moder at e Hearing | oss.
55 to 90 Severe Hearing | oss.
91 + Prof ound Hearing | oss.
Ref : ANSI , 1969.

Sensori neural |oss, conductive |loss, Mxed | oss, High
frequency |l oss, were classified using air conduction, Bone

conduction thresholds and speech audionmetr.

The obtained results in group screening procedure and
the di agnosi s nmade using conventional testing procedure are
posted in the tabl e number 13.

Out of seventy subjects, tested Forty-one were mal es

and Twenty-ni nefemal esand including both children and adults.

Twentyseven mal es and Twentythree femal es were found
to have normal hearing in both conventional and screening
audi ometry. The subjects who were diagnosed as to have
normal hearing inconventional audiometry that is within

Twenty dB HL  were responded at 20dB and 30dB HL in the
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screening audionmetry. Therefore the Threshold greater than
3QdB in any frequency tested or in SRT can be considered

to be having hearing | oss.

In 13 cases the screening audionetry results and the
conventional audiometry results coincides. In these cases
with case history presented by the case, the type of hearing
| oss coul d be diagnosed as conductive | oss, sensorineural |oss,
(serial Nos. in the Table 34,35, 37,42, 45, 47,50, 51, 52, 57, 63,

64, 70) include these above cases.)

Case No. 44 was diagnosed to have normal hearing in screening
audi onetry, where as the conventional audiometry and other E N.T.
findings show ASOMin the left year and Right ear nornmal. Here
the screening audiometry failed to identify the case since the

case had normal hearing in one ear.

(Gase No. 48 who was di agnosed as having normal hearing
in the screening audionetry were as he had Bilateral H gh
frequency loss in the conventional audionetry. This is because

the ease could respond normally in the | ow frequencies.

Case No. 55 was diagnosed as to have H ghtone hearing | oss
An right ear and nornmal hearinginleft ear in the conventional
audi onetry where as in the screening audionetry the case was
found to have normal hearing. Here also the test failed to

i dentify the hearing | oss.
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Case No. 29,33 and 59 have been mssed to diagnosed accurately
in the screening Audionetry. By screening audi oneter heari ng
loss in the better ear was detected which coincided with con-
ventional audionetric results. Here the hearingloss in

the poorer ear ismssed by the screening procedure.

Case No. 68 was diagnosed as to have nornal hearing in
screening audionetry but the case showed noderate senserineura
| oss in conventional audlonetry. Here it was found that the

case had copied the other persona response.

Fromthe above findings we can conclude that a subjects
response at  30dB or less for both puretone and SRT
in the screening audionetry can be considered as norna
hearing, atleast in one ear, and response at 40 dBis mld
hearing Loss , and up to 60dB response can be consi dered
as noderate hearing | oss, Above 60dB , the response woul d
i ndicate severe heating |oss. This procudre will fail to
identify the unilateral hearing |oss cases, H gh frequency
hearing | oss cases above 2kHz. In this screeinging procedure
only the better ear thresholds are obtained and not the poorer

ear thresholds. Becuase |oudspeaker used to deliver the signal.
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LI M TATI ONS OF THE PRESENT STUDY.

1. The present test procedure fails to identify the uni-
| ateral hearing |oss cases
2. The poorer ear thresholds can not be measured.
3. Case history is essential to diagnose the case
as sensorinural hearing loss or conductive hearing |oss.
4. The ease should have little know edge to understand
end perform the test.
5. The case should not have motor problem and visua
probl em
6. This present test is admnistrated to Kannada knowing

popul ation of 70 subjects only.

RECOMMENDATI ONS.

1. Using this Kannada picture SRTlist to test more
number of subjects in different age levels with various types
of hearing problems, to standardize this test procedure

andthetest material.

2. To davel op speech material for group screening.
purposes in different |anguages to test different |anguage

speaking popul ation.

3. More cases can be tested at a time, by using a bigger
room. Sound field distribution is to be carried out for this

Pur pose.

4. To incorporate built in power supply such that
it reduces the problemof carrying the bul kier additiona

power supply.
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5. Built in battery compartment to operate the audio-

meter in the absence of mains supply.

6. A Photo interrupt of switch may be provided for better

per f oranmmce

7. The Speaker may be counted on a tripod stand, such
that it delivers a spherical were front, with M nimumground

reflections. This arrangement gives a uniform sound field

| MPLI CATI ONS OF THE STUDY.

1. School screening purpose.
2. To test cases in the Speech and Hearing Camp.
3. To test children in single room situation

4. To carryout Hearing Aid Trial in Sem freefield
Condition
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SUMMARY AND CONCLUSI ON.

In this present study a group screening audi ometers
and a group screening procedure have been devel oped. The
audi omet er gives 500Hz, 1kHz and 2kHz puretones and
speech from 0dB to 100dB. The speech signal can be fed
froma tape recorder. The output |evel can be increased

or decreased in |10dB steps using a step attenuator.

Kannanda picture SRT |ist was modified and used for

speech audiometry for group screening purposes. The subjects

responses were recorded in a response sheet for both speech

and puretone signals.

Seventy cases have been tested using this screening

audiometer and it is observed that this procedure
will idenify almost all the cases who have got hearing
| oss in the given group. This procedure fails to identify

cases with normal hearing at one ear and cases with normal
hearing bel ow 2000Hz. Using the threshold level in the
screening procedure, thirty dB HL is considered to be nornmal
hearing at |least in oneear, and 40dB is mld loss, upto
sixty dB is Mderate hearing |oss And above sixty dB would

indicate severe hearing | oss.
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