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ABSTRACT

The various gain calculating formulae for digitabhing aids is analyzed for different subjectsrtd éut suitable
adaptive gain formula for most successful gainmeoendations. The object of the work is to desighdevelop
an adaptive expert system, which could be effdgtiused to perform screening tests to identify lthesl of
hearing impairment and recommend suitable gainestigas for frequency bands of digital hearing kutially,
the design requirements for a digital hearing addbeing arrived by using the standard gain forméddlowed
such as National Acoustic Laboratory Revised (NALaRd Prescription of Gain Output (POGO II). Thet te
carried with 272 subjects aging from 25 to 72 aptl Bhale and 51 female. Of which gain is recommeifidied
127 subjects with the standard gain formula. Wherrécommendations are verified for satisfactiooragrthe
hearing aid users only 28 received satisfactioh WRL-R and 25 received satisfactions with POGO II.
Remaining subjects received satisfaction only diftertuning the gain value and recommended ga@stared
in adaptive expert system. Subsequently, baseeoauggested value of gains and additional data éxpert
audiologists, gain formula could be made distinceivery language.

Keywords: Expert System, Audiometer, Frequency, Hearing Ld3geech Intelligibility, Pure Tone
Average, Real Ear Insertion Gain

1. INTRODUCTION used to live with little difficulties. Main objecte of
audiological investigations using computer basextesy
Human hearing may be deteriorated because ofs to perform them in an efficient manner in amiyito
different reasons. It has been firmly confirmect thaise the hearing sensitivity of individuals (Gelfand, 919.
is the first and important cause for the deteriorabf Even if all tests are conducted properly, intergiehs
hearing level (Malcovati, 2001). Almost all the haam  of the test results are very important so as tomenend
population some or otherwise exposed to differgpes an appropriate value of gain. The gain recommeadati
of noise in our day today life. In general, the facility is available in the proposed system. Herice
deterioration in hearing capability starts as eadyn the  provides a better satisfaction among the hearimy ai
age of 20s (Nakamura, 2004). The hearing loss isusers. The proposed system is effectively carnpers
normally due to problems in the middle ear or inear. knowledge throughout world. At first, the knowledge
Inner ear problems are usually corrected by fixafg = domain consisting of the expert’'s opinion and dasiit
hearing aid (Nalamwar, 2004) The hearing impaired methods are created. Subsequently, provision sngiu
patients are usually unaware of their deterioraion update the knowledge data base as when requires, th
hearing. So they delay wearing of hearing aids @md  making the system as adaptive.
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In the case of hearing aid usage, gain prescnipsio  the past several years many prescriptive fittingnidas
a mapping or a formula that uses individual's have been developed and tested to fit hearing dids.
characteristics in amplification settings. The uidiual prescriptive formulas have been developed fromigimy

characteristics are usually the hearing threshbldst  a single target curve for linear instruments tovjgliag two
Comfortable Level (MCL), Loudness Discomfort Level or more target curves for Wide Dynamic Range

(LDL), also called as Uncomfortable Level (UCL) and Compression (WDRC) hearing aids.

loudness contour data being used for the presenipf National Acoustics Laboratory of Australia
gain. Initially, it was possible to program a hegriaid  geveloped NAL formula for hearing aids models with
with the purpose of normalizing the loudness oveide linear circuits (Byrne and Tonisson, 1996; Byrnel an

range of levels, so that the hearing aid qserpvdrbeive Dillon, 1986). With the development of non linear
the same loudness as a normal hearing person. NeX{earing aids, a suitable prescriptive procedure veasled
important consideration during prescription of g@ro o provide multiple gain curves for different inpevels.
maximize speech inte!ligibility: After the heariagd has  Depending on the patient's practical feedback and
been programmed with the initial recommended gain, preference, final gain settings will vary from teesitial
fine tuning according to the requirements of therlis  getiings. With increase in the number of preswenti
usually done. It is desirable to minimize the némdine  formuylae quality of service can be defined as tierg to
tuning because it requires considerable effort ft®  \yhich a particular fitting procedure will give sdgiction to
user as well as from the audiologists. Thereforési  the hearing aid users. Prescriptive method calléd-R
important that the prescribed gain is as closeh® t method, is the best method and extensively testedl a
optimal gain of the patient as possible. validated prescriptive methods for linear ampliima
Hearing aid fitting includes two phases, oneliscii®n  pecause of its successful recommendations (Byrme an
and other phase is evaluation phase (Gatehous®&).199 Dillon, 1986; Byrne and Cotton, 1988; Byreeal., 1990).
There are two types of procedures used in pradtice The criterion of the comparative method on speech
hearing aid selection. They are prescriptive amdpzoative  intelligibility tests is more or less accordingle procedure
procedure. The design of prescriptive procedurebaged ~ suggested by Carhart (1946). _
on pure tone thresholds or loudness data directly o Th_e_advan_tages and limitations of th? various
indirectly involve all the information required aileviate ~ Prescriptive fitting approaches can be obtainednfro
hearing impairment like lifestyle and living enviroent. In different sources (Hawkins, 1992, Cornelisee al.,

. . N 1995). In this context, the discussion will focymn two
a comparative procedure, the hearing aid is sdidoje most frequently used methods for linear instrumeass

comparing some audiological parameters like speechyq| 45 present the recent prescriptive methodedisty
intelligibility, sound quality. It is time consungrproceo!ure designed for nonlinear hearing aids, including KL
and also depends on the knowledge and experience @fnd POGO formulae were developed in 1976 and 1983,
hearing aid fitter. Even though comparative proceds respectively. They are further updated in 1986 (NAL
time consuming procedure, the expertise knowledge oand 1988 (POGO II), to get greater accuracy with th
audiologist in the hearing aid fitting is storedtie expert  linear instruments (McCandless, 1994; Cox, 1995 T
system for formulating a revised formula for thevifie of ~ increased use of conventional and programmable
the hearing impaired patients. nonlinear hearing aid qircuits re_quire_s new pregﬂ_;mé
Digital hearing aid of modern days uses different Methodologies to consider nonlinearity in heariigsa
frequency bands in audible range of sound. REIGaia They further assist clinicians in their ability fio these

required for different frequency ranges of soundthia ]E)rodulcts easily and d acpuratr]ely. There ﬁre af'l__m%esr
digital hearing aid and it can be modified so agdba clear ormulae were created using these approaches ate

: N, . : I/O (Byrneet al., 1990), lhaff (1994) and (Killion, 1995;
perception of sound by the hearl_ng impaired patient Kirkwood, 2006; Smedet al., 2006).
Integrated Real Ear Measurement improves the acgura

of fitting initially and subsequently, when the Hag aid
is fine tuned to better speech intelligibility teet patient 2. MATERIALSAND METHODS

(Yanz and Galster, 2008; Yamt al., 2007). Most of the 2 1.NAL-R Formula M odifications for Severe to
hearing aid users are comfortable with lesser ¢faém ' 'Profoun d L osses

actually prescribed to them. Gerling states thegsgribing
the same gain for all individuals simply becaussy thave The NAL was first formulated by Byrne and
the same hearing thresholds will result in inacdesaof Tonisson (1996) and later revised by Byrne andobill
too little as well as too much gain” (Gerling, 199@ver (1986) as an attempt to prescribe a frequency rsspo
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that gives a clear understanding of speech eveaheif enhance the speech understanding ability. An ingdov
hearing aid user adjusted the volume control lgwel version of this method called POGO II, modifies ¢faén
their satisfaction. Speech optimization involved an if the hearing loss at a particular frequency isager
attempt to maximize the speech signal, averaged @ve than 65 dB HL, then the gain is increased by hathe
wide frequency range. This procedure did not amgalif amount that the hearing loss that exceeds 65 dB
speech bands to equal loudness at a comfortatdaihg explained in step 2 (Hawkins, 1992):

level. It is customary to provide too little lonefjuency ) o

gain relative to the mid and high frequency gaiw. T Stepl: To compute the formula, the first step iditade

overcome this difficulty and add more benefits and the minimum threshold of hearing at the
applications to the NAL procedure, Byrne and Dillon particular frequency by 2 and record the product
(1986) proposed a revised version of the National as given inrable 3. _ .
Acoustics Laboratory procedure, the NAL-R. Step2: Consider whether the hearing loss at acpkati
frequency being calculated is greater than 65dB. If
2.2. Featuresof NAL-R Formula it is greater than 65dB, subtract 65dB from the

hearing threshold, then half of it is added thetoia
to the value calculated in step 1. Otherwise tle ga
is calculated as explained in step 1. Many other

The specific NAL-R formula for the calculation of
Real-Ear Insertion Gain (REIG) is presented able 1.
The NAL formula includes 10dB reserve gain (Mueller - ; ;

e i prescriptive formulae are used in calculating the
) o e mocalons 10,2 NACT OIS gan ot o them NAL and FOGO ol
hearing impairment (Byrneet al., 1990: 1991). used popularly because of their success ratio.
Modification 1 is an increase in the A factor edumatif Table 1. NAL-R formula for real ear insertion gain
the hearing threshold average measured at 500, d@00 Frequency

2000 Hz exceeds 60 dB (14). The second modification(Hz) Formula + conversion factor = REIG

arises if the degree of hearing threshold at 20@G0 H 250 A + 0.31* Hearing Threshold @ 250Hz-17 = REIG
exceeds 90 dB. Based on the hearing threshold tailsie 500 A + 0.31* Hearing Threshold @ 500Hz-8 = REIG
modification suggests an increases the gain inladhe ~ 1000 A+031¥ Hearing Threshold @ 1000Hz-3 = REIG
frequencies and reduction in the gain for high %ggg ﬁ:g-g; :gg;:ﬂg m;gzﬂg:g g %ggg:iﬁ = Sg:g
frequencies. This adjustment alters the hearing aid,;) A + 0.31* Hearing Threshold @ 3000Hz-1 = REIG
response of a person with severe hearing loss whqgog A + 0.31* Hearing Threshold @ 4000Hz-2 = REIG
requires more low frequency energy for power arsd le 6000 A + 0.31* Hearing Threshold @ 6000Hz-2 = REIG

high frequency energy for decreasing the feedbackwhere A=0.05(HL @ 500Hz + HL @ 1000Hz + HL @ @BR)
problems (Co»et al., 1994; Dillon, 2001).

o Table2. NAL-R adjustment for hearing losses when the
M aodification 1 hearing threshold at 2 KHz exceeds 90 db

If sum of hearing threshold at 500, 1000 and 2G00H | 4t 2 kHz Frequency (kHz)

exceeds 180, then 0.116 (S-180) is added to thactoF  §g HL 025 05 075 1 15 2 3 4 6
where S is the combined total of HL 500, 1000 &b@D2 95 4 3 1 0 -1 -2 2 =2 2
i s 100 6 4 2 o -2 -3 -3 -3 -3
Modification 2 105 8 5 2 0 -3 -5 -5 -5 5
If the threshold measured at 2 KHz exceeds 90 dB}1? g g 2 8 j :g :g :g :g
then following value is added with the gain value a 75q 15 9 4 0 5 9 9 -9 9

given inTable 2.

2.3.POGO Il Formula for Calculating Real Table 3. POGO gain calculations

Frequency (HZ) Formula + Conversion factor = REIG

Ear Gain 250 REIG =1/2 HL + 1/2 (HL-65)-10

Gain preferences of persons with hearing 500 Eg:g f}g :t : ig (:t'gg)“r’
impairment are very much considered in designirgy th ;5 REIG ;1/2 HL + 1/2 EHL:65;
POGO formula (McCandless and Lyregaard, 1993).500g REIG =1/2 HL + 1/2 (HL-65)
Presented gain and output as critical charactesisti the 3000 REIG =1/2 HL + 1/2 (HL-65)
prescription is the additional concern (Cebal., 1994). 4000 REIG =1/2 HL + 1/2 (HL-65)
Essentially, POGO is Lybarger's 1/2 Gain Rule, with 6000 REIG =1/2 HL + 1/2 (HL-65)

correction factor suggested for low frequencies toPeak SSPL 968 [(UCL @ 500 +1 K + 2K)/3] + 4
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Required rise in dB = [Minimum threshold of both these test results fail to predict comparable
hearing * 0.5]. results go to step 3.

If the minimum threshold of hearing is greaterntha Step 5: Based on these test results and data fine ga
65dB then the required rise in dB = [Minimum thiashof recommendations based on the standard
hearing *0.5+0.5 (Minimum threshold of hearing-65)] prescriptive procedures are made.

These two formulae are been widely used in Step 6: If the recommendation doesn’t provides
calculating gain values for the digital hearing.dids satisfaction to the hearing aid users, then the
inbuilt in the adaptive expert system and basedhen audiologist has to sit with patient and make
dissatisfaction from the hearing aid users sidegtia necessary changes in the gain to enable
is varied to give a clear perception of sound. The successful usage of hearing aid.
recommended gain values are stored to redefine thesiep 7: With these values of gain if the patient is
gain formula. satisfied then it is stored in the data base. This
2.4. System Description will be used in due course for successful fine

_ . tuning of the formula.
The types of audiometric test used to assess the

gerf_orman.ce of the entire auditory system are pome 5 5 pyre Tone Audiometric Test without Masking
udiometric test and speech audiometric test. érptire
tone audiometric test, the tone used to test thiemia Pure tone audiogram test includes air-conduction
with the tone frequency ranging from 125Hz to 80@0H test and bone-conduction test. The purpose of air-
are generated with the help of Matlab softwarelsd t conduction test is to find the hearing sensitiviy
the accuracy of the test tone is very high. Siryilathe various frequencies. Matlab program generates gkt t
test words used to test the patient in speech matiic signals with the corresponding dB ranges from -40 t
test are also recorded and stored as wave file. +110 dB and different frequencies 125, 250, 50@010
The patient is either recommended for fixing of 1500, 2000, 3000, 4000, 6000 and 8000 Hz for pume t
hearing aid or suitable clinical solutions. If thatient ~ audiometric test. The average of minimum threstufld
is recommended for hearing aid, then the gains forhearing for 500, 1000 and 2000 Hz is known as Pure
different frequencies are also displayed. If the Tone Average (PTA) which is an important parameter
recommended gains satisfy the patient, then theegal used to predict the hearing level of the testegestib
are stored in the data base. If the patient is not . . .
satisfied then the audiologist has to sit with plaient 2:6. Pure Tone Audiometric Test WITH Masking
and make a number of trials to change the value of  Pure tone audiometric test with masking is done
gain resulting in a better satisfaction level ofeth only when the difference between the air conduction
patient with the hearing aid performance. The vslue threshold of bad ear with that of bone conduction
of gains which satisfy the patient are being stored threshold of good ear is greater than or equaltal®
the data base on the runtime thus making thiSgets attenuated. The loss of sound energy duriagith
proposed system an adaptive system for audiologistScongyction test, when the stimulus is passing ftest
The suggested values of gain by the audiologists 0 ¢4 15 the cochlea of the non-test ear is callethes-
different aged patients are subsequently analyzed b aural Attenuation (1A) and it ranges from 45 todi®

]ngmj?/;;ig]r’ c\glzluclgtic\;vr:”ofbeairl:'%d to fine tune the Cross hearing is a serious concern in case of bone
gan: conduction test than it is for air conduction bessaboth
Step 1: If the user wants to perform audiometrit, tae the cochleae are equally stimulated. Thereforeeinag

or she should enter his or her personal data in thé_ehable test_ results the non-test ear is not ta_nbelved _
patient data screen. in the testing procedure by delivering suitable sgoi

Step 2: If the user wants to see or verify anyvae  Signal to it. The masking noise should be loud ehoto
data or information regarding the audiometric Prevent the tone reaching and stimulating the esi-t

tests they may select appropriate option. ear, but at the same time it should not mask theasi
Step 3: In the audiometric test option, at first thser ~ given to the test ear which may be called as over
has to select pure tone audiometric test. masking (Stach, 1998).Thus, an audiologist shogilelcs

Step 4: After finishing pure tone audiometric teéise appropriate masking signal level in dB. The pureeto
user has to perform speech audiometric test. Ifsignal is in blue color and masking signal is id celor.
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2.7. Speech Audiometric Test e Threshold: 50 45 65 65 70 60 50 45
The standard test words are fed to the people at Step 1. X =0.15 (Hearing threshold @500+@1000
. . . . +@2000)/3
regular intervals and the subject has to identi/words X = 0.15 (45+65+70)/3
correctly by repeating the words. Based on the rarrob X ~ 9' ( )

words correctly identified with the total numberwdrds
presented the Speech Discrimination Score (SDS) is o . .

obtained. It is to be noted that there is a pradiet . The same patient's hearing a'd. can be prog_rammed
relationship between the patient's PTA and SDSeSpe with the help of gain recommendations calculateidgus

audiometry may therefore be useful for validatimhg t j[he POGO i f(_)rmula. The prescript_ion of real ear
results of pure tone audiogram. insertion gain using POGO |l formula is calculateud

shown inTable 5. A low frequency factor of-10,-5 dB is
2.8. Recommendations of REIG added for 250 and 500 Hz respectively (Martin, 2008
Schwartzet al., 1988).

The pure tone thresholds of various frequencies The patient is not satisfied with recommendatiohs

are used for the calculation of real ear insergaim. : . .
Initially it is based on the standard formulae stbin REIG for various frequencies using POGO Il formafal

the expert system. If the subject doesnt get NAL-R formula and hence the expert audiologist nsake

satisfaction with the recommendations the audigiogi SCMe corrections in the gain settings for ariviagthe

has to change the gain settings with their expesen satisfaction Qf the subject concerned and the gain
till the satisfaction of the patient. After their recommendations of the standard formulae and expert

satisfactions the gain settings are saved in tha da audiologist recommendations are giveii able6.

base. This data will be very much useful in devilgp The recommendations of REIG for various frequency
a standard formula for every language. ranges using POGO Il formula and NAL-R formula thee
same test results of a patient and also final stiggs by
3. RESULTS the audiologist are plotted as showifrig. 2.

Similar type of gain calculations and gain
In four different speciality hospitals 272 subgct suggestions for a subject with mild hearing losbédsg
were tested for prediction of hearing loss using compensated by careful alignment of the gain byeexp
proposed adaptive expert system and also withaudiologist to give a clear speech perception vemiin
conventional audiometer model 2001 Digital clinical Table 7 and the value is plotted as showrFig. 3.
diagnostic audiometer from Arphi Electronics under
same testing conditions. The subjects are als@dest Table4. NAL-R real ear insertion gain calculations

with the speech audiometric test using the comjagtér  Frequency Conversion

audiometer and SDS is calculated. The audiogramgHz) Formula factor REIG
taken by both modalities are plotted for a subjeith 250 9+0.31(50) = 24.25 -17 7.25
moderately severe conductive hearing loss being500 9+0.31(45) = 22.95 -8 14.95
shown in Fig. 1. The results of the computerized 1000 9+0.31(65) = 29.15 -3 26.15
audiometer inbuilt in the adaptive expert system is 1500 9+0.31(65) = 29.15 +1 30.15
marked in thick green color whereas conventional 2000 9+0.31(70) = 30.70 +1 31.70

3000 9+0.31(60) = 27.60 -1 26.60
4000 9+0.31(50) = 24.50 -2 25.50

3.1. Calculation of REIG 6000 9+0.31(45) = 22.95 2 20.95

The minimum threshold of hearing obtained with the Table5. POGO-II real ear insertion gain calculations
pure tone audiogram test is used to calculate B6ESR  Frequency (Hz) Formula Conversion factor REIG

audiometer readings are marked in thin red color.

for digital hearing aid. If the patient is not suite to use 250 25.0+0 -10 15.0
hearing aid they may be recommended for medical®00 22.5+0 5 17.0
solutions like medicines, surgery. The REIG calda 000 32540 0 325
. . o 1500 32.5+0 0 325
using NAL-R formula is given ifTable 4. 2000 35.042.5 0 375
Audiometric thresholds of above mentioned indigldu 3000 30.0+0 0 30.0
4000 25.0+0 0 25.0

»  Frequency: 250 500 1000 1500 2000 3000 4000 6000 6000 22.5+0 0 22.5

///// Science Publications 86 0JBS



Sadagopan Rajkumat al. / OnLine Journal of Biological Sciences 13 (3):®2 2013

-10

0 |
10 = ;
20
30 .
40
50
60
70

80
90

100

110

120

125 250 500 1000 2000 4000 8000
Frequency (Hz)

Hearing threshold (dB)

. e e —
. e o e —

e e e —

#  -- Bone conduction threshold
O -- Air conduction threshold

-- Conventional audiometer reading

-- Computerized audiometer reading

Fig. 1. Audiograms of a patient with conductive hearingslo

40
35
30 A
25 -
Z 20 |
=
S 15 |
10 - —4—NAL-R Gain
=—#l—POGOTI Gain
5 ~—— Suggested Gain
0 T T T T T T
0 1000 2000 3000 4000 5000 6000 7000

Frequency (Hz)
Fig. 2. POGO-Il and NAL-R and the suggested recommendatbREIG

///// Science Publications 87 0JBS



Sadagopan Rajkumat al. / OnLine Journal of Biological Sciences 13 (3):3%® 2013

20 +
o s
- —aN
10 +
z 5 —+—NAL-R Gain
E ) —#—P0OGO II Gain
e Suggested Gain
0 T T T T :
j 1000 2000 3000 4000 5000 6000 7000
= Frequency (Hz)
-10 -

Fig. 3. Gain suggestion for subject with mild hearing loss

Table6. Real ear insertion gain suggestions of standard The gain calculations for all the 127 subjectsewer

formulae and expert audiologist analyzed. In almost all cases the variation requic
Frequency NAL-R POGO Suggested  high frequency ranges as against the gain suggegttt
(Hz) Gain Il Gain gain system is very less. In the low frequency regiond mi
250 7.25 15.0 12.5 variation is required. In the mid frequency regishere
5880 22-95 é;-o %88-0 majority of the speech frequencies available much
L 15 S S variation in the suggested gain is required. It basn
1500 30.15 325 335 . - . e
compared two different types of hearing-aid fitting
2000 31.70 37.5 34.0 . . . .
3000 26.60 30.0 285 procedurgs in a c_zlo_uble-bhnd randomized clinicaldgt
4000 2550 250 26.0 i.e., hearing aid fittings based on NAL-R formulada
6000 20.95 225 245 POGO Il formula. Main outcome measures were
improvement of speech intelligibility scores in guand
Table 7. Gain suggestions for a subject with mild hearivgs| noise conditions. Data were related to the reainsartion
Frequency NAL-R POGO Suggested  responses that were measured after fitting. Folysisa
(Hz) Gain Il Gain gain purposes subgroups were composed according toedegre
250 -5.0 2.50 1.00 of hearing loss, characterized by unaided speech
500 4.00 7.50 .00 intelligibility in quiet, previous experience withearing
1288 13'8 igg 13'8 aids, unilateral or bilateral fittings and a tygénearing aid.
' : : We found equal improvement of speech
2000 13.6 15.0 10.0 . P . . s .
3000 120 125 14.0 intelligibility in quiet, while _f|tt|ng according d the
4000 12.0 12.5 12.0 NAL-R formula resulted in a somewhat better
6000 12.0 125 12.0 performance as expressed by the speech-to-noiedmrat
comparison to the POGO Il formula. Both procedures
4. DISCUSSION resulted in comparable real-ear insertion resporeth

these formulae were tested with 127 patients fdorok

Comparison of test results taken with the suitable to use wearing aid for arriving at an ijtin

audiometer inbuilt in the expert system and formula used to calculate the Real Ear InsertioinGa

conventional audiometer can be done udfig 1. The  get a satisfactory performance with the digital riven

pure tone average arrived using computerizedaid. Of these, 28 subjects had satisfaction withLNm\
audiometer is 56.66 whereas it is 60 when the samdormula and 25 subjects were satisfied with POGO I
subject is tested with conventional audiometer. Therecommendations.  Remaining  people  received
interpretation of computerized audiometer results i satisfaction only after adjusting gain settings by

same as that of conventional audiometer resultegixc experienced audiologists. These successful gatmget
with the marginal difference in the value of PTA. were stored in data base for formulating a revised
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formula to give complete satisfaction among theringa  Byrne, D. and W. Tonisson, 1996. Selecting the gdin
aid users irrespective of their age, sex and living hearing aids for persons with sensorineural hearing

environment. The system will give an adaptive sohut impairments. Scand Audiol., 5: 51-59DOI:
for all these kind of variations because it is deped 10.3109/01050397609043095
with the feedback received from the patient side. Byrne, D., A. Parkinson and P. Newell, 1991. Magifi
hearing aid selection procedures for severe/prafoun
5. CONCLUSION hearing losses. In: The Vanderbilt hearing aid repo

Il, Stude-baker, G.A., F.H. Bess and L.B. Beck,
Eds., York Press, Incorporated,ISBN-10:
0912752262, pp: 295-300.

Byrne, D., A. Parkinson and P.H. Newall, 1990. Htear
aid gain and frequency response requirements for
the severely/profoundly hearing impaired. Ear. Hear
11: 40-49 PMID: 2307302

Carhart, R., 1946. Tests for selection of heariidp.a
Laryngoscope, 56: 780-794. DOI:
10.1288/00005537-194612000-00004

Cornelisse, L.E., R.C. Seewald and D.G. Jamieson,

1995. The input/output formula: A theoretical

approach to the fitting of personal amplification

devices. J. Acoust. Soc. Am., 97: 1854-@MID:

Adaptive Expert System for the calculation of real
ear insertion gain was designed and developed thith
valuable suggestions from expert audiologists of
different hospitals. Audiological tests are beiragried
out with the help of this set up and the audiograims
calculated value of speech discrimination score are
stored for future references. All subjects were #¢sted
with conventional audiometer 2001 Digital clinical
diagnostic audiometer from Arphi Electronics andoal
with computerized audiometer inbuilt in the expert
system under ideal conditions. The accuracy of the
proposed expert system was found to be 94.87%nif a
correction made by the experienced audiologistthén
gain values suggested by the expert system are also 2699167

stored for fine tuning the REIG formula. Subseglyent Cox, RM., 1995. Using loudness data for hearird ai

this expert knowledge domain has been used in the :
: ; selection: The IHAFF approach. Hear J., 48: 39-44.
lculat f REIG. Th Id not onl d th .
cacuiation o IS WOUIK notony Tecuice the Cox, R., C.M. Goff, S.E. Martin and L.L. McLoud,

workload of the audiologist but also leads to ) . . .
recommendation of superior technical specificatioith (1)f9i)ﬂ4én'1l'glheiscontour test: Normative datiniversity
regard to the design of hearing aid. This addifiona Dillon, H., 2001. Prescribing Hearing Aid Perfornsan

specialized attention certainly would bring better _ . L
satisfaction among the hearing aid users. This réxpe Gatehouse, S.,1993. Hearing aid evaluation: L|_m|tat
of present procedures and future requirements.

system enables audiologists to perform testingquore i

in a standard sequence and recommend most accuratgelf‘;igpﬁ goq%%gsézzgﬁtil;.sso%iz diology, 2rdhE
REIG suggestions so that the hearing impaired perso Thiémé .l’\/ledice-ll Publishers.  Incor (?é{temew
gets satisfied with the performance of the heagidy York. ISBN-10: 0865776210 ,[562 P

The different types of hearing loss suffered bylueld Gerlin 'I 3 1992' Evaluation olfp reS(.:ri tivetifig. J
population and successful gain suggestions haveeto Ar% AC;’:'Id Audiol 3331 337pPMIDP1421469 ’

analyzed with the expert system for further fineirig of . - ;
the formula used for calculating REIG. The formoém HakaS’_ D., 1992. Prescriptive approaches to ielec
of gain and frequency response.

be made distinctive to any language. Ihaff, 1994. A comprehensive hearing aid fitting
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