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| NTRODUCT| ON

The eval uation of hearing aid performance is not an
end initself, but anintegral part of the total rehabilit-
ation of the hearing inpaired patient.Hearing aid is a cri-
tical tool in the rehabilitation of hard of hearing. In the
aural rehabilitation programres which are planned by medi cal
and non-nedi cal specialists,the audiologist is responsible
for determning whether a given indvidual will benifit from
medi cal or surgical care.ln the cases where the indviduals
can not be hel ped by surgical nethods,it becomes pertinent
on the part of the audiologist to assess the need for and

sel ection of an indvidual hearing aid.

There are no records of earliest attenpts through which
man ai ded his hearing. Hearing ai ds have been used for rehab-
ilitation since 19th century.Since their inception in 17th
century, though there have been many nodifications but their
basic functions remain sane.Hearing aid literally neans a
devi ce capable of ' Aiding the hearing' . Mdern hearing aid
Isamniature electronic device which amplifies the sound
energy. The sound enegy can not be anplified directly,it is
first converted into electrical energy,amplified and again
changed to acoustic energy in an anplified format the rec-

el ver.

Q her aspects of habilitative process are determ ned



and limted by the capability of the hearing aid to provide
the optinmal signal to the ear. To serve our clients better

wWe require hearing aids which are durabl e, handy, i nexpensi ve,
robust and produce the speech signal faithfully. The selection
of an approprisrte and requires extensive know edge of the perf-
ormance characteristics of the hearing aids.Even after wde
intensive research,there is little agreenment about the para-
meters which an "ideal hearing aid " nmust posses.As the know-
| edge about the human auditory systemand its physiology is
limted and man has not been able to understand these nystries
conpletely, so it is not known fully which specific paraneters

shoul d be enphasi zed.

A hearing may also be regarded as a part of a speech
transmssion systemBut here the comunication is between a
normal speaker and a hearing inpaired |istener and hearing
aid is a weaaabl e device which, for cosmetic reasons, is
usual |y made as small as practically possible.An ideal hear-
ing aid should anplify speech signals so that they are received
at an adequate |evel for understanding and, for uses with
sensorineural loss,it should modify signals in a ways that
conmpensates for the anal ytical capacity of the ear.lt is not
difficult to meet first of these requirenents, but the second

has remai ned al most an intractible problem

The purpose of hearing aid evaluation and neasur ement



of electroacoustic as well as psychoacoustic characteristics
Is to provide - best suitable " hearing aid to a client.The
acoustic properties of speech and the factors affecting its
intelligibility for Iisteners with normal and inpaired hear-
i ng shoul d be exam ned, whil e consi dering what el ectroacoustic
characteristics will he appropriate for hearing aids.

She physical characteristics of speech and the mechani sm
of voi ce production have been the subject of nunerous invest-
igations (Littler 1965; Fletcher 1953; Flangan 1972). Daring
production of the speech vocal cords close and open at rates
ranging fronv5 to 500/ sec. dependi ng upon the intonation and
voi ce quality. The average nunber of interruptions per second
are about 120 for males and 240 for fenal es. The frequency
characteristics for speech depend upon the |aryngeal tone
and on resonances wi thin vocal cavities, which are continu-
allynodified in the act of speaking. Resonance in the vocal
tract reinforce particular frequency bands of |aryngeal tone,
and for vowel s and di pthongs several characteristics frequ-

enci es known as formants can he identified.

Sound spectrograph is an instrument that hel ps in exam
ining the frequency,intensity and tinme characteristics of
particul ar phoneme or words (Koenig et. al 1946, Potter et
al . 1947).The spectrograph sanples speech,a fewwords at s
time and | eaves a visible record show ng how the sound energy



in a series of specified bands varies fromone input to the
next. Another formof analysis gives the average power spec-
trumin a passage of speech which is long enough to include
a large nunber of speech sounds.

NEED FCR STUDY

Hearing aid evaluation is judgenent as to the nerits
of a hearing aid and is better determned by means. O
a electroacoustic instrunentation. Quality judgenets by
I ndvi dual s are questionable at best because they are so easily

i nfluenced by suggestions or variables outside condition..

Met hods of hearing aid eval uation has been subjected
of scrutiny for many years. Mst thoughtful practitioners
of the art have felt that present nethods have sonething to
be desired and several alternatives are being considered.
These alternatives include the use of danped wave trains,
narrow hands of noise and inpedance audiometry. The idea
of course would he a truly objective method. Mast clinicians
and hearing aid specialists have been trained in the traditiona
met hods of making conparisons between aids in much the same
manner that an earliest generation took "spectacles" out of
trays to try themout. |In the sane way, we appear to be going
incircles. For exanple, hearing aid specialist has been
ridiculed in the past for "Do you hear ne now?" techniques.
Wiile others turning screws and saying, "Does that sound better?"



They sre using strictly subjective methods while they pron-
ounce that hard of hearing person is not capable of judging
what is truly in the [ine of correction of his inpairment.

There seems to be general agreenent that present nethods
of hearing aid evaluation are inadequate. Many clinicians feel
that hearing aid selection procedue are often |ong boring
and frustrating. Most of themdo not enjoy particularly enjoy
monitoring the patient responsetoPB test, by the end of tests,
the patient is usually fatigued and as bored as exasperated
as tester.Many believe that the time can be shortened by the
use of a speech sound pressure measuring instrunment. ...
especi al |y one whose conponents and response slopes have a
direct correlation with the ultimate anplification pattern

a so called "master hearing aid" (Delk,1975).

Wien performng the electroacoustic tearing,stimlus
presented to hearing should be considered csrefully. Mst of
the comercially available unit on today's nmarket present
only pure tone stinmuli to the aid* Hstorically, pure tones
of selected frequencies were choosen as a test stinuli bec-
ause they were readily generated and coul d be precisely con-
trolled. Present testing units provide either continuous pure
tones across a broad range or discrete frequencies within
a range from 250 Hz to 6000 Hz. The aid is still being tested
with repeated presentations of single pure tones, even though



the extended range of frequencies is available at present.
The pure tone is the stinulus that the aid will nost prob-
ably wi Il never again receive in a |ike manner while being
used by the user.Inreal life,the aid being worn receives
a indefinitely large nunber of stimuli,all simultaneously
and is designed to anplify those portions of signal nost
meani ngfully to the particular |istener.Electroacoustic
anal ysis,using pure tone stinuli,does not really tell us
howwel | an aid anplifies conplex input signals.

| deal ly,the future calls for electroacoustic testing
maki ng use of shaped spectrumas input stinuli.The signa
presented to the aid will not be sinusoidal but will be
complex,and wi I | be altered or shaped to present various
conbi nations of acoustical energy to the aid. For exanple the
ai ds response could be neasured to an input spectrum shaped
to represent the acoustical energy present in the hunan
speech,with greater |ow frequency energy than high frequency
energy. Coviously the aid designed to amplify speech would
alter the input spectrumand provide a different shaped
spectrumas an output. The difference between input an out-
put spectrumwoul d represent the aids response. The response
woul d be a nore realistic and conplex signal,rather than
tradi onal response to pure tones.By varying the spectrum of
the signal, the aid s response to different acoustical envi-
ronnents woul d be obtained giving a nuch nore realistic



measure of aid' s performance. Very few studi es have been rep-
orted, which utilize the nethod of anal yzing hearing aid proc-

essed sentences with the help of sound spectrograph and no
such study has been done in India.

PURPOSE OF THE STUDY

This study ains at judging the quality of a few sele-
cted hearing aide using sentences as hearing aid processed

stimuli and ranking themin order of their performnce.



REVI EWOF LI TERATURE

The hearing aid eval uation has been an inportant cli -
nical procedure for over two decades. The traditional me-
thod of hearing aid evaluation was originally described by
Carhart al nost 35 years ago. Audiol ogi st have been engag-
ed in selecting and monitoring of wearable anplification
for the hearing inpaired for these years. Carhart (1950)
stated, "The problemof hearing aid selectionis currently
the nost controversial aspect of clinical audiology*. This
statenent still hol ds good even after 33 years.

LI TRATURE REVI EW

Hal | pi ke (1934) comented that individuals with pree-
bycusis reported a considerable amount of difficulty in
under st andi ng speech, when there was a conpeting noi se or
ot her conversation in the sane environnent.

Berry (1939) and Hol ngren (1939) recomended that at
| east part of the testing should be conducted with the com
peting speech or noise in the background for the people who
have difficulty in speech discrimnation. Even though oth-
ers have made simlar statements, they have been al nost
uni versal ly ignored.

Carhart has reported in a book edited by pollack (1975)
that Bunch (1930) responded to Walter Huth'a design of



hearing aids in the follow ng way: "Your hearing aid is
designed for normal listeners rather than hard of hearing
persons. Look at this hatch of audiograns from persons
with hearing | osses and see how their deficits slope in
different directions. You showed build a whole famly of
hearing aids with different responses".

FREQUENCY SELECTI VE ANVPLI FI CATI ON

Wat son and Knudson (1940) published on article entitl-
ed "Selective Anplification of Hearing Aids". They stated,
intheir introductory paragraph, "Selective anplification
has become a by-word in hearing aid termonol ogy and great
clains have been nade for it. Yet many who have used the
wor ds and nmade the clains have understood very little about
its fundamental principles or its application to hearing
aids** They wote in their article that in recent years
several nethods for providing selective anplification had
been purposed, but they were not inpressed with sone of
these nethods. Infact they stated, "Sone of the nethods
are absurd . ... others are of sufficient worth to jus-
tify discussion of their advantages and di sadvant ages*.
They pointed the out that it was necessary that methods
using the subject's own observation with regard to various
aspects such as threshold, nost confortabl e | oudness |evel,
and equal |oudness |evel be enployed. According to these
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authors such judgement is made with surprising accuracy.
They concl uded that the nost effective means for "prescri-
bi ng" selective anplification is the nmost confortable equal
| oudnees curve. They utilized a IKHz tone, adjusting it
to confortable setting, and then using it as a reference
poi nt for finding equal |oudness curve?. They found that
selective anplification prescribed in this way proved to
be superior to uniformor flat frequency response anplifi-
cation for some, but not all, cases, in some cases uniform
anplification proved to be nore effective. They sunmarized
that selective anplificationwas superior to uniformanpli-
ficationin ears with ia sensorineural hearing inpairnent
whereas sniformanplification seened to be nore effective

for the inpairnment of a conductive nature.

Carhart (1946) described the procedure to eval uate
hearing aids in an article entitled "Tests for the selection
of Hearing Aids". Wth sone variations and refinenents,
these procedures are still wdely used. (ASHA, 1967} Barney
1972). It isno tribute to himto find that most clinics
are still essentially follow ng the sane procedures (Ross
1976) . Four dimensions of hearing aid performance were ex-
plored: effective gain, tolerance limt, efficiency in noise
and word discrimnation* The remainder of the paper descri-
bes*in which these things can be evaluated. Carhart (1946)
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al so nentioned tests for tolerance and suggested the use

of connected speech to allow the patient to determne whe-
ther or not speech is tolerable at various levels. The
test for efficiency in noise as described by Carhart also
has a fourstep nethod in which the maxi numlevel of noise
that can be present w thout destroying the hearing aid
user's ability to understand speech is determned. Carhart

noted that the above set of neasurenments:

H "made possible the selection of a hearing aid
better suited to the patient's indvidual needs. Wile
It is true that many patients obtained equivalent perform
mance W th different hearing aids on one or nore of the test
items, every itemdifferentiated performance in a sizable
proportion of cases. Selection was made sonetines in terns
of one criterion, sonetimes in terns of several criteria.
Wth patients for whom perfornmance was equival ent on sever-
al instruments, selection could be based on auxiliary fac-
tors of convenience, weight, and esthetic preferences”
(Carhart, 1946¢, page 739).

FI XED FREQUENCY GAI N CHARACERI STI ES

Davis et. al. (1946) published an article "The sel ec-
tion of Fearing Aids" which is essentially the report of
the Psychoacoustic and El ectroacoustic Laboratories at



Harvard university. The major conclusions of the study
were that:

"The appropriate frequency characteristics for a hear-
ing aid is not correctly indicated by current principles
of "audiogramfitting' or 'selective anplification'. A
uni form frequency characteristics that can be varied by a
tone control between 'flat' and a noderate accentuation
of high tones will provide the nost satisfactory perforna-
nce for all or nearly all cases of hearing | oss.

M nor variations fromthe ideal frequency characteristics
are relatively uninmportant, but the maximum acoustic out -
put must be chosen to suit the tolerance for each patient.
Tol erance nmeasurements nust be made careful [y, with due
regard for psychol ogical factors and the desirability of
increasing tolerance gradual |y by experience. For the us-
ual hard -of-hearing patients any detailed 'fitting' is
wasteful of time and effort. The differentials between
instruments that are indicated by nmost current tests are
largely illusory.

Routine test procedures should be designed to detect the
unusual and difficult cases of hearing loss that require
special attention. For such cases snaller differences
between instrunents nmay be significant, and nore el aborate
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selective tests are appropriate. The additional tests nost
likely to prove useful are those based on

1. The maxi num (input) operating range;
2. The maxi num score on appropriate word lists; and
3. The mninumsignal-to-noise ratio for intelligibi-
lity.
Such tests are unnecessary, however, for the mgjority of
patients". (Davis et al, 1946, pages 87, 88).

It was their belief that the patient is usually pri-
marily interested in obtaining a hearing aid which has
pleasing or natural quality, but they conceded, "Unfortu-
nately the quality preferred by the patient is not alwaysr
conpatible with greatest intelligibility but with respect
to other secondary requirenents the patient's personal op-
inions are the chief criteria.”

Davis et. al. listed five essentials in hearing aid fitting:
1. Power- a hearing aid nust produce sufficient acoustic
power to override the patient's deafness;

2. Tolerance |evels- apeech intelligibility nust be obtai-
ned wi t hout serious disconfort, pain or tickle;

3. Fidelity- the hearing aid nust be capable of reproducing
a signal which is neaningful to the wearer, e.g. sinple co-
nnected speech when clearly and |oudly spoken nust be inte-
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[Tigible to him

4, Wearibility- the instrunent and earmoul d must be toler-
able to the wearer;

5. Sensitivity- is highly desirable although not absol ute-

|y essential, "that the instrument render intelligibility

in ordinary speech that is delivered to it at a conversa-
tional level".

These five itens are considered in first order of inportance.

According to Davis et al (1946) second order objectives
were increases inrange of versatility and adequate perfor-
mance, conplete tolerability and wi de dynamc ranges for
speech input, increased intelligibility, a wde range of
voice and |istening conditions, and the durability and re-
liability of longe battery life. Third order considerations
i ncl uded naki ng speech and nusic pleasing, esthetic appear-
ence and nmechani cal convenience etc.

I n considering selective anplification, Davis et. al.
(1946) spent sone time on the short comngs of the audi ogram
fitting. It was pointed out that the frequency response
characteristics of hearing aids are influenced by the baffle
effects (head diffraction effects), |eakage around the ear-
moul d, etc. They pointed out that the audiogramis a nea-
sure of auditory threshold sensitivity and that |istening
I's usually done above this Ievel. Furthernmore, equal |oudness
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contours tend to be nore nearly regular or horizontal than
the threshold, particularly in the range of speech frequen-
cies. As mentioned earlier Wataon and Knudson (1940) sugg-
ested that hearing aids be fitted to equal |oudness contours
at a confortable listening | evel, and reported that such

| oudness judgenents eould be made relatively easily and
consistently, but Davis et al. reported it to be difficult
to obtain equal |oudness contours fromindividuals who are
not trained |listeners. Fromthis they concluded, "It is
possible to specify the desirable frequency characteristics
more successfully by a sinple general rule then by the in-
terpretation of the patients audiogram. They stated on the
basis of these observations that.

1. It is probably necessary to have sone type of screening
of the hearing aid itself to elimnate any obviously inferior
I nstruments;

2. The patient's audiogramis often msleading in the guide
to selecting hearing aids;

3. The selective anplification nethod is fallacious; and

4. Individual detailed fitting is futile in that the ability
to discrimnate between instruments is achieved only in the
mnority of the cases and further, the tests for such are
either too arbitrary or too el aborate and/or in conclusive.
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The recomendations of Davis et. al. were supported
inlarge neasure by the results of a simlar but an indep-
endent study perforned alnmost at the same tine in Geat
Britian known as the Med. Res. Co. study (Medical Research
Council, 1947). In both studies it was concluded that for
the majority of hearing aid users a single frequency gain
characteristics would provide the optinumanplification.

Onh the surface, the two studies al so appeared to recomend
simlar frequency gain characteristics above 750 Hz and a
noderate difference in relative gain below this frequency.
The Harvard study recommended that the frequency response

be uni form between 300 and 4000 Hz or have a noderate high-
frequency enphasis of 4 to 6 dB per octave over this range,
and that frequencies bel ow and above this range the response
showed fall off sharply. The MRC study reconmended a fre-
quency response that increased at the rate of roughly 12

dB per octave up to a frequency of 750 Hz and that at higher
frequencies on of two alternate responses to be used, either

a flat response or an upward sloping response of 5 dB/octave.

There were, however, inportant differences between the
two studies in the nethods used to specify the frequency
gain characteristics of hearing aids. |f these differences
are taken into account then the recomended frequency-gain
characteristics are found to differ significantly (Resnick,



1977)+ Finally, Davis et. al. enphasized that each hearing
aid user should be provided with a well fitting indvidually
moul ded ear piece that is confortable and a hearing aid
whi ch has adequate gain. In addition orientation and tra-
ining ahould be provided as necessary. But they warn that
"even Wi th the nost perfect hearing aid, not all cases wll
achi eve satisfactory results".

HEAR NG Al D SELECTI ON

Carhart (1950) wrote an article "Hearing Ald Sel ection
by University Clinics" inwhich he nade some very pertinent
comments with regard to the necessity for hearing aid eva-
luations. He indicated the necessity for ensuring that the
i ndvi dual wth the hearing inpairnent understands the bene-
fits and also the limtation which he may face with the use
of anplification and enphasized that this is best done when
the audiologiat is fully aware of the environnental situa-
tions in which the patient nmust function.

Carhart (1950) also nentioned that nany people do not
need to undergo the detailed hearing aid eval uation that
I's often encountered in speech and hearing clinics. He
suggested that nost cases are rountine cases that could be
taken care of without considerable nmanagement; it is the

17

probl em cases that ahould be the concern of speech and hear -

ing clinic.



Carhart indicated that day woul d come when in hearing
aidclinic, patients with special hearing aid problens ref-
erred through physicians will be exam ned. Carhart went
on to express the hope that, "The tine zhoul d come when
all concerned wi I | have the advantage of co-operation bet -
ween ot ol ogi st, audi ol ogi st and conpany representatives.
Each will then in his own way be serving the hard of hear-
ing popul ation nore effectively". Rose (1979) states, "It
Is unfortunate that Carhart's expectations were not wholly
fulfilled.. . . . Oneisledto believe that in today's
market all patients are to be considered special cases.
This is turnleads all involved, physicians, audiologist
and hearing aid dealers to distrust one another. Certainly
this confuses rather than clarifies the situationin so far

as the hearing inpaired public is concerned".

| n another 1950 article entitled "Volunme control Adj u-
stment in Rearing Aid Selection" Carhart discussed the ad-
vantages of using the confort or nost confortable |oudneas
| evel for adjusting hearing aids for hearing aid selection.
It was his belief that the confort |evel nethod offered a

psyehophysi cal procedure for equaling gain settings of di-

fferent hearing aids and he observed a high test reliability

for the confort I evel nethod, the margin of uncertainity
being only +4 dB. He noted that there were significant

18



differences fromone talker to tester to another and warned
that if monitored |ive voice were to be used that the influ-
ence of each talker nust be clarified and advised that while
followng this particular procedures, the aided threshold
shoul d be obtained twice with each instrunent. He believed
that the neasurenent of residual |oss for speech based on
equi val ent confort level settings often reveal ed differences
i n instruments which should he considered for a choi ce anong
different hearing aids. He also adnonished, "The clinical
fact that nust not be ignored is that patients do vary w de-
|y fromone another in the perfornmance and the efficiency
they achieve on all nmajor types of neasures, including re-

sidual |oss for speech".

CLI Nl CAL HEARI NG Al D EVALUATI ON

Koening (1950) in the Bell Tel ephone Laboratories re-
ported on the subjective effeets of binaural hearing.
Carhart (1950) discussed the added benefits of two hearing
aids even with body worn binaural hearing aids. It was his
opi nion that binaural fittings would be of significant im
portance to many persons with a mld or noderate |oss of
hearing resulting in increased ability to eope wth noisy
situation, greater effective gain when the reception of
faint sound was critical, and inproved precision of auditory
orientation in a conplex environment.

19



Wight (1950) inhis article "Binaaral Hearing in
ing Inpaired" considered these factors as being signifieant
when investigating the effects of binaural hearing. These
are "factors related to threshold levels, the factors relat-
ed to suprathreshold I evel s and factors related to the abi-
lity of the person to utilize vastly dissimlar sound patt-
erns for each ear". Wight pointed that although ears may
he simlar in ternms of equal |oudness or equal binaural
hearing at one level, increases inintensity do not necess-
arily result in change equal at the two ears. Thus binaural
hearing or binaural |oudness occurs only at one |oudness
|l evel . He concluded that binaural hearing aid use for the
hearing inpaired has been oversinplified.

Jeffers (1960) used what m ght be termed as "clinical"
approach to evaluate hearing aids baaed on speech quality
judgenent* She asked the subjects to conpare the quality
of sound produced by various hearing aids by having them
to listento five aids that were arranged in four pairs.
Subjects listened with one aid of a pair, and then with the
other followi ng removal of the first; She concluded that
j udgerents; of speech quality differentiated strongly anmong
hearing aids withdifferent electroacoustic characteristics.
The test formant, first used by Jeffers (1960) and | ater
by Wldele and MIlin (1975) was recomended for use in the
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clinical setting as a means of selecting hearing aids.

Shore, Bilger and Hrsh (1960) published on article,
"Hearing Aid Evaluation, Reliability of Repeated Measure-
ments". Intheir study, 15 subjects were divided into
three categories. Each category had equal nunber of con-
ductive, mxed and sensorineural hearing | oss cases. Each
subject has a hearing loss sufficient to warrant.anplifica-
tion, and were tested on five different days. The testing
conprised of:

1. Pure tone audi ograms

2. Monaural and Bi naural speech reception thresholds.

3. Mnaural and Binaural discrimnation score.

4. Monaural and Binaural discrimnation score in noise wth
recorded materials at signal to noise ratio of 0 dB.

Four different types of conventional body type hearing
aids were selected. Audionetric findings of ten subjects
were sent to four hearing aid manufacturers and they were
asked to select an appropriate instruments. [t was found
that their own judgement of hearing aids agreed rather closely
with two of the manufacturers. The third nanufactuer's su-
ggestions for hearing aids did not agree with those cf
the clinicians. The fourth manufacturer indicated his in-
ability to make specific recomrendations due to many inconsis-
tencies in the conparison of pure tones and speech discri-
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mnation. Tests with various patients with all hearing aids
and all tone settings were repeated on four different days.
Their test results indicated that differences attributable
to different hearing aids occur nost often for gain and |ess
often for discrimnation in quiet and that difference was
not significant for discrimnation in noise.

They concluded that the reliability of measures was
not sufficient to warrant extensive use of tine in trying
to find specific differences among aids. They pointed out
differences in the hearing aids were not sensitive to the
usual neasures of speech audionmetry.

Mc Connell, Silber and nt Donald (1960) in response
to the Shore et al article discussed test retest consistency
of clinical hearing aid tests. They used test retest of
the individual's ability to discrimnate the phonetically
bal anced word lists and concluded that adequately trained
I ndviduals could yield reliable results regardl ess of whe-
ther the test retest was conpleted by one or two different
audi ol ogi sts. They stressed the role of audiologist in the
fitting of hearing aids.

Haski ns and Hardly (1960) discussed clinical studies
and stereophonic hearing. The study was designed to inves-
tigate clinical findings with follow ng groups:



1. Goup that has for better peripheral than central audi-
tory function.

2. This group consiated of indviduals with a mld loss on
one side and a noderate to severe |oss on other side.

3. This group had noderate-to-severe bhilateral sensorineural
I npai rment wi th good speech discrimnation

4. The fourth group had noderate-to-severe bilateral m xed
type of hearing inpairnents.

5. This group had noderate to severe bilateral conductive

| npai rment s.

Al'l the groups benifited frombinaural anplification
with exception of Goup | and Goup 2. The authors specu-
lated that children would also benefit from binaural hear-
ing aid use. But Jerger, Carhart and Dirks (1961) reported
that when using both binaural and monaural hearingaidanpli-
fication, they were unable to find any appreciabl e advantage

for two hearing aids over one.

Zerlin (1962) introduced a test nethod, in which he
presented type-recorded speech to two hearingaids and re-
corded the output of the aids on separate tracks. Speech
was processed simlarly through successive pairs of hearing
aids. Experinental play back consisted of the delivery of
the hearing aid processed speech to |istners via nonaural
ear phones. The listner could select any channel with
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alternating pressing of two response buttons. This allowed
for paired conparison for hearing aid evaluation. The re-
sults suggested that the procedure was efficient in relation
to traditional tests of speech recognition and |istener

j udgements produced greater differentation anong aids than
did conventional neasures of nonosyl |l abic speech recognition

Punch (1981) lists the several potential advantages
of the paired-conparison nethod over other possible techni-
ques for eliciting listener's judgenents:
1. The instructional task is relatively sinple to explain
and conprehend. The |istener has only to informthe tester
which recording of the pair produces better quality, or nore
highly intelligible speech.
2. This nethod allows sufficiently rapid sequence of expo-
sure of the two stinuli to avoid problens associated with
auditory recall, and reducing the listeners task to eonpari -
sion of two elements only.
3. The response itself is unconplicated, consisting only
of awitten or verbal statement of the |istener's choice
of the hearing aid based on the given criterion.
4. Data generated by this procedure are readily anenable
to master hearing aid test situation, as well as to conputer
processing which is considered inportant for future appli-

cation.
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A potential problem associated with this technique is
that of discrepancy in the spectrumof the signal at the
listener's eardrum under such conditions when conpared to
the spectrumof the signal when the hearing aid was actually
worn by the listener. A portion of this change occurs by
virtue of the difference observed when a signal is presented
to the hearingaid mcrophone with the aid worn by the |is-
tener in the sound field (Dalsgaard, 1977). In addition,
reproduction ofthe hearingaid processed signals via audic-
metric earphones, when contrasted with situation in which
the aid is actually worn, results in sound pressure |evel
bel ow opproxi mately 500 Hz and enhanced |evel in the vicinity
of 3000 Hz* The former effect is due to acoustic |eak,
while the later is due to ear canal resonance effects.

(Cox and Studebaker, 1977).

Recent investigations by Punch and Parked (1981) indi-
cated that judgerments based on different instructional sets,
quality versus relative intelligibility, produced out cone

that correlate poorly wthone another.

Studies by Wtter and CGol dstein (1971) supported the
results of Jeffers (1960) and confirmed that quality judge-
ments were sensitive to electroacoustic differences in hear-
ing aids. Fromthese studies it was concluded that aids
exhibiting high-fidelity characteristics such as w de band



26

wi dth and good transient response were judged to produce
hi gher quality speech.

Wtter and Goldstein (1971) raised the possibility that
hearing aid rankings based on quality preferences mght be
i nfluenced by the specific stimuli used. Stimuli consisting
of male and femal e voi ces produced different over all rank-
ings. Punch (1978) using on ad&ation of Zerlin's (1962)
technique with KEMAR and Zwi sl ocki Coupler, showed that
the preferences assigned for a male voice, a female voice
and nusic were statistically correlated with those assigned
for each of other two stimuli. These results failed to
reveal a hearing aid stinulus interaction in the context
of aided quality judgenments. Findings also reveal ed each
of hearing aid listener interaction in group of normal and
hearing inpaired listeners. Indvidual |isteners with each

subj ect group produced highly simlar bankings on the basis
of their quality judgenent.

Ross, Barret and Trier (1966) indicated that the cri-
teria for hearing aid condidancy is generally described to
be 30 dB loss a greater in the better ear. Mny people who
have communication difficulty are not considered to be can-
didates for hearing aid because of these criteria. To de-
termne whether or not persons with hearing inpairments |eas
than this did benifit fromhearing aids, they sent a
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questionnaire to 23 persons who had been issued hearing
aids in the previous six nonths and whose hearing toss

was |ess than 30 dB. They were asked to iste thensel ves

on a fine point scale* Results indicated that their ability
to understand speech was enhanced while wearing the hearing
aid in all six general Situations. They reported greatest
satisfaction quiet situations, the least for noisy environ-
ment. According to Ross et al (1966) one indication for
the use of anplication with indviduals who have a high
frequency loss was inproved speech discrimnation scores

at speech levels higher than 40 dB.

Reddel | and Calvert (1966) examned the possibility
of audiologic data as neans of selecting anplification for
an indvidual 34 subjects with high tone hearingloss were
tested. These subjects did not have any previous experience

with hearing aids. The manufacturers were asked to make a
hearing aid based on indviduals data. Tests results with
particular aid were conpared with two comercially available
hearing aids selected by other audiologic procedures. The
mean SRT and tol erance for loud speech was slightly better

for experinental aid. The subjects "preponderantly" preferr-
ed the experinental aid. Fromthese results it was reasserted
that selective anplification is good technique for hearing

aid selection



Jerger, Speaks and Mal nqui st (1966) used nonosyl | abl es
in quiet and sentence intelligibility tests innoise to
eval uate the performance of listeners with three different
hearing aids. They tested 36 hard of hearing subjects with
various types of |osses. Mnosyllabic words in quiet failed
to differentiate anong hearing aids but sentence intelligi-
bility tests in noise reflected neaningful differences anong
aids. Hearing aids with |east distortion seenmed to be best
for all patients and one with the nost distortion seened
to be | east valuable to all patients.

Resni ck and Becker (1963) concluded that there are in-
sufficient physical differences among hearing aids to justify
hearing aid selection process. They thought that time should
he spent in counselling the hearing aid purchaser, providing
hima copy of the audiogramand sending himto a reputable
hearing aid dealer. The patient should be advised to return
to the clinic with purchased hearing aid for an eval uati on.

Kasten, Lotterman, and Revoille (1967) tested a nunber
of hearing aids. They observed that the mean gain versus
frequency curve of the sanple of aids differed fromthose
publ i shed by the manufacturers for about half the nodels
tested. They cautioned the audiol ogist that the hearing
ai d response supplied by the manufacturer may be different
fromthe response given by a unit.

28



(A sen and Carhart (1967) conpared the speech discrim-
nation scores obtained in quiet and against two different
types of conpetition as reproduced by a high fidelity sys-
temand by three different hearing aids and found snall
different hearing aids and found small differences among
systens in quiet but large differences in speech or noise
conpetition. They concluded that hearinginpaired people
experience a great deal nmore difficulty in understanding
speech when faced with conpetition than generally has been
realized. The limtations in the hearing aids further com
plicate the listening task. These findings especially hold
good wi th sensorineural hearing |oss patients.

Jerger and Thelin (1968) studied a group of hearing
ai ds which had w de variety of gains, frequency responses
and various anmounts of harmonic distortion. Synthetic
Sentence test devel oped by Speaks and Jerger (1965) was
used with a conpeting speech message. The test material
was recorded through the hearing aids and then these tapes
were played to five normal hearers to adjust the conpetition
to obtain approximately is 75 percent correct perfornance.

They used indviduals with symretrical sensorineural
hearing losses. Their findings indicated that "subjects
with flat |osses yielded results in good agreenent with
normal |isteners but as the audionetric slope changed from
the gradual to the steep the correlation with the perfornance

29
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of normal s became progressively weaker". On this basis
they concluded that one can not generalize from behavioural
results on normals to the behavioural results on hearing
inpaired listeners. They also noted that there were strong
correl ations between the physical entities of the hearing
ai d performance and the behavioural results, particularly
the regularity of the frequency response. There was al so
on inverse correlation between synthetic sentence identifi-
cation scores and harmonic distortion, i.e. better scores
were obtained with instruments having a greater amount of
harmonic distortion. This finding and | ack of generaliza-
tion fromnornal heares to the hearing inpaired is directly
contradictory to the earlier findings of Jerger, Speaks and
Mal mui st (1966) .

Lotterman, Hasten and Revoille (1967) published an ar-
ticle "On Acoustic Gain andThreshol d | nprovement of Hearing
Ald Selection". The acoustic gain and threshold inprovenment
in hearing aids was 10 dB |l ess than the measured using 2 CC
Coupl er. They cautioned that clinical audiologist should
be aware of the fact that the manufacturer's specifications
of gain are obtained at the full-on gain position with app-
roximately 50 dB SPL-input and that this does not represent
the performance of a given instrunent at its use setting.

Osen and Tillman (1968) published on article entitled,
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"Hearing Al ds and Sensorineural Hearing Loss* in which they
|isted four comon m sconceptions with regard to hearing
aid use:

1. The patient with a sensori-neural hearing |oss can not
expect to receive sufficient helpfroma hearing aid to
justify its purchase and use.

2. For the patients with sensori-neural inpairment, any
hearing aid will offer satisfactory results provided only
that it has sufficient power to overside his |oss in sensi-
tivity.

3. The position or orientation of unilateral hearing aid

In the acoustic environment which the user wi shes to noni-
tor has little to do with the conmunication efficiency he
w || achieve; and

4. The patient with unilateral hearing inpairnent can expect
to receive no help fromthe hearing aid.

The authors observed with regard to first m sconception
that a sensorineural hearing |oss may cause a deficit in
discrimnation ability which the presently available hear-
ing aids may not overcone. But this does not preclude the
use of hearing aid because in quiet and slightly noisy |is-
tening environments, many indviduals with a sensorineural
hearing |oss achieve good listening efficiency wwth a hear-
ing aid. However, in a noderately noisy environment the
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individual wth a sensorineural hearing |oss wll encounter
significantly greater difficulty than does the nornmal |istener.

Hearing aids do not yield equally high perfornance nn-
der various kinds of test situations. Osen and Tillnan
opi ned that speech must be tested in the presence of noise
or other conp-eting material in order to give indications
how wel | the indvidual will do with a hearing aid inhis
nornmal environnment. Wth regard to third fallacy, it was
painted out that perhaps the positionof the hearing aid or
hearing aid orientation to the sound source would not pro-
bably nmake any difference, if an indvidual was to sit in
qui et environment. The orientation of the hearing aid is
critical, if the noise is comng fromthe several sources.
Regarding fourth msconception, they noted that indviduals
can benefit from CROS hearing aids which will give thema
much better signal —+o0-noise ratio and thus a nuch better
ability to discrimnate sounds comng fromthe bad side.

Carhart and O sen (1920) reported discrimnation scores
for one syllables words heard agai nst conpeting sentences
measured at the sane sensation |levels during aided-unaided
response testing. Four types of subjects were used: pre-
sbycusi s, sensorineural nonpresbycusis; conductive | 0sses;
and normal hearing subjects. Each group consisted of 12
subjects. Subjects were were tested in binaural, nonaural
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direct and nmonaural indirect conditions using various signal
to noise ratios. Results were sumarized as four main find-
ings. First, "The SPL at which a spondee threshold for hear-
ing inpaired occurs were poorer when neasured at the ears
by the hearing aid systemthan when nmeasured unaided in the
sound field". The second finding was that the intelligibi-
lity for these words presented in quiet was poorer with a
hearing aid than when heard via |oudspeaker at an equi val ent
sensation level. Third, sensorineural |oss patients and
presbycusis patients had nore trouble in the presence of
conmpeting sentences during aided trials than did the norna
or conductive loss patients. The fourth finding indicated
that all groups had poorer intelligibility scores when com
peting sentences were used and signals were reproduced thr-
ough the hearing aid than when presented at a sufficiently
Intense level via |oudspeaker.

Barney (1972) published a survey on hearing aid eval ua-
tion procedures. He intended to determne procedures, me-
thods, and materials being used in hearing aid eval uations
in the various clinics. A questionnaire was nailed to 214
clinics having audiol ogy prograns which were accredited by
the American Board of Examiners in Speech Pathol ogy and
Audi ol ogy of the American Speech and Hearing Association.
The clinics were classified into four types: University



or College training centres, hospitals, Veterans Adm nistra-
tion hospitals, and others. The others included clinics

in which there were certified audiol ogists but they did not
meet criteria for any of the other three categories. 195
clinics returned the data. N neteen of these were inconp-
lete and thus were excluded fromthe study. The results
indicated that nmost often used procedure is the sane one
that was reported 25 years earlier by Carhart. Barney's
concl usi ons were equivocal in that either the ol d procedure
I s adequate or the procedures are of little value bat may
be used as a matter of convenience.

Some of the specific findings of the 176 conpl eted
replies were: 18 of the clinics were not performng hearing
aid evaluations and it was against the clinic policy of
one; none of the clinics studied reported using a naster
hearing aid; 43 of the 67 universities or colleges which
were doing hearing aid eval uation were testing hearing aids
on the patient; 19 of 22 V. A hospitals were conducting hear-
ing aid evaluations while the hearing aid was worn. One
of the V. A hospitals also indicated that it was agai nst
the clinic policy to da* hearing aid eval uati ons* There
were 29 clinics that have master hearing aids, there are
none listed in the study that used naster hearing aids to
do hearing aid evaluations* This study adequately points
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out that there was no specific hearing aid eval uation used
by all clinics at that tine.

Lentz (1972) reported on markedly inproved speech dis-
crimnation in the presence of noise when using directionally
sensitive mcrophone. Sung, Sung and Angelelli (1975) also
studied the effects of directionality sensitive hearing aid
m crophones and concluded that the aids with the greatest
directional effect were superior for listening to speech
inrelatively difficult listening situations.

Vi ctoreen (1973) is perhaps one of the nost staunch advo-
cates of hearing aid prescription fitting. He presents an
answer to the hearing aid fitting dilenma in his book enti-
tled "Basic principles of otometery" (1973). He uses &
danped sinusoid wave train to determne those sound pressures
which return to the ear those |oudness relationships which
most nearly relate to the normal hearing. A custombuilt
aid is ten constructed to neet the necessary anplification

and frequency response contours.

Berger, Hagberg, and Rane (1977) in a publication enti-
tled "Prescription of Hearing Aids: Rational, Procedure,
and Results" described "a practical and easy step-by-step
set of procedures for fitting hearing aids in a nore object-
ive manner than other nethods". One aspect of their procedure
Is to determne the hearing loss at various frequencies and



then through a relatively sinple fornula indicate the gain

necessary for that person at the various frequencies.

Jerger and Hayed (1976) published an article entitled
"Hearing ai d Evaluation" in which they reported a new nethod
of hearing aid evaluation. They stressed that the eval ua-
tionis not an end it self, but rather it is an inportant
part of total rehabilitation. They list four specific goals:

1. To determne the nost suitable hearing aid arrangenent
for the indvidual.

2. To determne differences anong arrangements in real life
|istening conditions.

3. To provide information on realistic expectations of hear-
ing aid use for patient counselling.

4. Make accountable rehabilitative reconmendations to patients.

W are not aware of any studies which have attenpted
to delineate the differences anong hearing aids using sen-
tences as the input stimuli and analyzing the hearing aid
processed sentences with the hel p of spectrograph. So in
order to try out this the present study was undertaken.



MVETHODOLOGY

The present study aimed at judging the quality of a
few sel ected Hearing Aids, using hearing aid processed
sentences and ranking themin order of their performnce.
This study included the follow ng.

1. Recording of sentence |ist.

2. Recording of sentences through various hearing aids.

3. Analysis of hearing aid processed sentences.

4. Conparison of controlled recordings with the hearing aid
processed sentences (experimental).

Seven hearing aids were selected at random out of the
22 hearing aids. In this way, we were able to get a fairly
representative sanple which included at |east one hearing
aid of the several manufacturers in India. Hearing Aids
were designated H1, H2, H3, H-4, H5 H6andH 7. Al
the hearing aids were checked and it was ensured they were

functioning properly.

The gain characteristics of these hearing aids were
measured using B & Khearing aid test box (Type 4217), a
2 CC Coupl er, a condenser mcrophone (B & K Type 4144) and
a frequency anal yzer (Type 2107). Measurenment of gain
characteristics of hearing aids helped to set the aids at
hal f of their average gain at IKHz. This |evel was arbi-
trarily selected to avoid excessive diasortion due to
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overloading. The follow ng table shows the hal f average

gainat |KHz for various hearing aids.

Heari ng Gain at Tone Hal f Avg. Actual Gain
A d | K Hz Gain Obt ai ned
H1 59.0 dB 29.5 dB 29.0 dB
H 2 63.0 dB N 31.5 dB 31.0 dB
H 3 54.0 dB 27.0 dB 27.0 dB
H 4 32.5 dB - 16.25 dB 16.0 dB
H5 47.0 dB F 23.5 dB 24.0 dB
H 6 59.0 dB N 29.5 dB 29.5 dB
H 7 54.0 dB N 27.0 dB 27.0 dB

The sentences which were used as stinuli were as unders

1. W were away a year ago.

2. May we all learn a yellowlion roar.

3. O dyou thank hinf

The first sentence consisted of voi ced sounds

i ncl uded vocal i cs (vowel s and vowel

sent ence had voi ced sounds |i ke vowel s,

and consonants whi ch are voi ced,

l'i ke sounds).

i ncl udi ng,

vowel

l'i ke

nasal s

trills. The third sentence was conposed of voiced

voi ced sounds whi ch included stops and fricati ves.

whi ch
Second
sounds
and
and un-

These

sentences were sel ected because they included vari ous

linguistic features |isted above and the tine required to
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speak out these sentences was either equal to or |ess than

2.4 sec., which facilitated the analysis of sentences on
spect rograph.

Two young adult speakers, one nale and one fenal e were
selected for recording of the sentences. English was a
second | anguage for the mal e speaker while is was not her
tongue for the femal e speaker. Both the speakers were free
fromany speech and hearing disability. The subjects were
gi ven considerable practice in order to famliarizewth
the sentences.

The speakers were advised of the nature of the experi-
ment. Speech sanples were recorded in a sound-treated roam
with the speakers seated so that they were 16 inches from
the m crophone. They were instructed to read the sentences
at a normal level (i.e. conversational |evel and normal rate)
Before recording, the subjects read the sentences silently
and then read it aloud. The signal fromthe condenser m c-
rophone was fed to frequency anal yzer and outpat fromthe
frequency anal yzer was connected to a two-channel high qua-
ity professional tape-recorder (UHER SG 631 LOGI C). Also,
the VUneter of the tape recorder was observed to see that
the speech was reasonably steady and at a suitable |evel
to ensure a good recording. Sentences spoken alternatively



by mal e and fenal e speaker were recorded. Each speaker was
given half a mnute rest to avoid any fatigue of the vocal
or gans.

For the experimental recording, the receivers of vari-
ous hearing aids were connected to a condenser m crophone
(B& K Type 4144) using 2 CC Couplers and it was confirned
that aids were at half average gain setting. Through the
frequency anal yzer (B & K Type 2107) the output was recor-
ded on a high fidelity tape recorder (UHER SG 631 LOG C).
Al the three sentences were transduced through all the
seven hearing aids in a randomorder, while speakers speak-
ing the sentences in the same manner as in the control re-
cordings. Each recorded sanple warn preceded by on identi-
fying statement and a brief recording of the ambient noise
background. The recordings were nade over a period of two
consecutive days with a roughly random order of sanples.
Figure | & 2 showinstrunmentation set up for control as well

as experimental recordings.

The recorded tape containing control and experimental
recordi ngs was played on the spool tape-recorder. The out-
put fromthe tape-recorder was fed to sound spectrograph
(M bralyzers 7030 A) . The input selector of spectrograph
was set to the position which suited best to the output im
pedance of the signal source. The FL-I-HS switch was set
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Fig. 2 Instrunentation set up for experinental recordings.




to the HS position. The record | evel control was set depend-
ing upon the signal strength. The REC OFF-REP was pl aced

in the Record position. Record level control was turned

up until a suitable VU meter reading was obtained depending
upon the sentence |ength. RECORD REPRODUCE switch was kept
in the record position. Later on REC-REP switch was turned
to REP immediately after desired recording was over, in or-
der to avoid the erasingof the recorded signal. The recorded
signal was nonitored later on to check the quality of the
recorded signal. The nonitor gain control was adjusted for

a conveni ent volume level, while the drumwas manually ro-

t at ed.

The drumwas rotated until a switch click was heard
that indicated the end of the recorded signal. After |ook-
ing at the index plate at the bottomof the drum the num
ber wag noted. Both the springs on the drumwere pushed
down so that they rested on the bottomflange of the drum
A fresh piece of sonogram paper around the drumwth the co-
ated side facing outward was placed. Both the edges were
brought forward and the edge held in the left hand was placed
over the edge held in the right hand.

The paper was firmy held around the drum andbushed
down until it stopped against the bottomflange. Then the
top spring was raised to secure the upper edge of the paper.
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Then the paper on the drumwas rotated until the overlap
was directly over the index nunber noted previously.

Using the AGC control, the desired amount of AGC action
was selected. The mark |evel control was set for the desir-
ed pattern contrast. REC OFF-EEP was set to the reproduce
position. The REPRCDUCE LEVEL was adjusted to set a suit-
able reading. The Band Selector switch was set to WDE
posi tion.

The stylus was lifted slightly and engaged with the
| ead screw, making sure the stylus wire was touching the
paper. The stylus was allowed to travel up the paper an-
til the upper short point indicator lights. [In this way
the spectrograns for control and experinental recordings
were taken. After the marking was conplete, the stylus was
di sengaged and returned to the bottomof |ead screw.

In the second part of the study, eight judges were
selected for perceptual analysis. The judges had on equal
ratio of male and female. Seven judges were post-graduate
students of speech and hearing and 8th judge was a qualified
speech pathol ogi st and audi ol ogi st. The judges were all owed
to listento six control recordings of three sentences spoken
by male and femal e speaker in order to famliarize themwth
the control recordings. This was later on followed by



experimental recordings. The tape was played in a quiet
roomat a confortable |evel. They were asked to rate each
hearing aid after hearing to all the sentences by nal e and
femal e speaker, for frequency, gain and distortion based

on 5 point scale which is shown bel ow.

Par anet er Fr equency Gin Distortion
Scal e

1 Ext eremy good H gh Slight

2 Good Moder at el y MId
Hi gh

3 Fairly good Moder at e Moder at e

4 Poor Moder at el y Moder at el y
Low H gh

5 Very poor Low H gh

Based on these indvidual rankings af frequency gain

and distortion, each aid was given a conposite ranking.

STATI STI CAL  PROCEDURES

Part-1

The recordings of mal e and fenal e speaker were anal yzed
with the hel p of spectrograph and conpared. Hearing aids
were ranked based on rel evant factors both for mal e and
femal e speakers for 3 sentences. The ranking of these 3
sentences were conpared for reliability and difference anong
hearing aids using the Fried man's Test for nale and fenal e

speakers. The test static Q Kendall's Coefficient and



Spearman's Coefficient of Correlationif was obtained. The
j udgenments based on these statistical measure were found
to be reliable and show ng a significant difference anong
hearing aids, a combined ranking for male and femal e speak-
er based on the average ranks was cal culated. The conbi ned
rankings of nale and femal e speakers for sentences was
conpared. These showed a reliable difference anong aids,
these ranking were conbined to give a overall ranking to
hearing aids for spectrographic analysis.
Part -1 |

The perceptual judgement provided by the various raters,
was judged for agreenent among raters and reliability of
ranki ngs using Kendal|'s Coefficient Q the variance ratio
F and Spearman's Coefficient of Correlation -f . There was
reliable agreenent between judges, for the ranking of hear-
ing aids, hence a true ranking of the hearing aids was ob-
tained based on combined estimates of judges and this was
compared with the conbined ranking obtained for spectro-
graphic analysis to check the difference anong two judge-
ments. Further, the judgenents of nale and fenal e judges
were conpared to see if they differed significantly using
the Friednan's Test.
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ANALYS S CF RESULTS AND D SOUSS ONS

The spectrograns obtai ned fromnal e and fenal e speakers
were conpared and anal ysed based on the fol |l ow ng:
Fundarent al Frequency.
Fr equency range.
Har noni cs m ssi ng or weak.
Resonance m ssi ng, weak or enphasi zed.
Resonance bar positions.

Irregular vertical striations and

N o o bk~ 0w DN R

Noi se conponents.

Hearing ai ds were ranked based on these above factors
for 3 sentences both for mal e and fenal e speaker. The data
Is shown in the table |I. Rankings of the both nal e and
fenmal e speaker were subjected to statistical analysis for
verification of the two hypot hesis:

1. There is no reliable agreenent in the rankings of the
hearing aids provided by the three sentences.

2. There is no systematic tendency for any of the hearing
aids to be given | owor high rank based on these three

sentences or all possible rankings are equally |ikely.

To verify these hypot hesis, the Friednman's Test was
applied and the test static Q the Kendall's Coeffi cient
of CGoncordance V and Spearnan's Correl ation Coeffieientf

was cal culated and values are as provided in the table 2.



Table |I. Ranking of Hearing Aids for nale and fenal e speak

er based on spectrographi cal judgenent.

Sent ence Mal e Speaker Fermal e Speaker
Hearing Aid Rank Hearing Ad  Rank

H | 4 H1 4
H 2 1 H 2 2
H 3 3 H 3

| H 4 7 H 4 7
H5 5 H5 6
H 6 2 H 6 1
H7 6 H 7 5
H | 5 H 1 5
H 2 2 H 2 2
H 3 4 H 3 3

[ H 4 6 H 4 7
H5 7 H5 4
H 6 1 H 6 1
H7 3 H7 6
H 1 5 H 1 5
H 2 2 H 2 4
H3 3 H 3 2

11 H 4 7 H4 7
H5 4 H5 6
H 6 1 H 6 1
H 7 6 H 7 5




Table 2. Showing values of Q, W and p for male and female

speakers.
Speaker Male Female
0 *10.714 **%13.285
0.59 0.73
f 0.39 0.59

*Significant at 0.1 Level
** Significant at 0.05 Level
Perfect agreement 1is indicated by a W=I and lack of
agreement by a W=0.
o varies between -I and +1, with values close to zero

indicating little or no association.

We have to reject both the null hypothses and conclude
that there i1s reliable agreement in the rankings of hearing
aids provided by different sentences 1, 2 and 3 for male
as well as female speaker and clearly indicating that there

are consistent differences among hearing aids.

As 1t can be seen that there is reliable agreement for
rankings of the hearing aids provided by three sentences
both for male and female speaker (W=0.59, 0.73 respectively)
we can have the estimation of true rankings based on the

combined estimates provided by these sentences for male as
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well as female speaker as shown in the table 3.
Table 3. True rankings for male and female speaker based

on combined estimates.

Hearing Aids H-1 H-2 H-3 H-4 H-5 H-6 H-7
Speaker

Male 4 2 3 7 6 1 5
Female 3.5 2 3.5 6 5.5 1 5.5

The Friedman's Test was applied to the above data e,
W and p were calculated, wvalues are as under:

Table 4. Values of Q, W and for data in table 3.

Parameters 0 W O
Values 8.78 0.73 0.46
Significant at 0.2 Level * +

Though we are taking a slightly greater risk by select-
ing a 0.2 level of significance but still with some reserva-
tions, based on above findings, it can be concluded that
the data provide reliable evidence that of consistent diff-
erences among aids and judgments of the hearing aid ranking
do not differ significantly based on male and female voices.
This statement i1s further strengthened because we have a p
of 0.46. As there is reliable agreement between the judge-

ments provided by male and female voice, we can have a com-

48



bi ned rankings for nal e and fenal e speaker as under.
Table 5. conbined rankings for nmal e and femal e voi ces

based on spectrographi cal anal ysis.

Hearing Al ds H 1 H 2 H3 HA4 H 5 H 6 H 7

Banki ngs 4 2 3 7 6 1 4

In part Il of the study, ratings provided by 4 nale
and 4 female | istners respectively, for 7 hearing aids as
shown in table 6.

Table 6. Eatings of 4 male and 4 fenale |isteners based

on perceptual judgenent.

Hearing Alids H1 H2 H3 HA4 HS H6 H7Y
Judges
1 45 6 45 7 3 1 2
2 25 6 5 7 25 1
3 4.5 7 4.5 6 3
4 1 6 2 7 3.5
5 5 6 4 7 15 3
6 3 6 2 7 4 5
7 6 4.5 2 7 3 1 4.5
8 6 35 35 7 2 1 5

Total of Ranks 32.5 45 27.5 55 24 11 24

Fi nal Ranks 6 5 3 7 2 1 4
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The ranking from four male judges and four female judges
for perceptual rating were compared separately with the help
of the Friedman's Test, the table 7 shows various values.

Table 7. Q, W and values for data in Table 6.

Judges Male Female
Parameters
0 *17.73 *%1922
N 0.73 0.80
0 0.65 0.73

*Significant at 0.01 Level
**gignificant at 0.05 Level

W and p values are + ve.

From the table it can be concluded that male judges
show high degree of correlation in their rankings which also
holds true for female judges. This indicates hearing aids

differ significantly with respect to each other.

As there is agreement between male judges and also for
female judges,their rankings can be combined to give an in-
dependent judgement of true ranking for male and female

judges as shown in the tables.

The Friedman's Test was applied to see if male and fe-

male judges differed in their rankings, Q, W and p were
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calculated, values are depicted in table 9.

Table 8. Combined rankings of male and female judges.

Judges H-1 H-2 H-3 H-4 H-5 H-6 H-7
Male 3 6 5 7 4 1 2
Female 5.5 5.5 3 7 2 1 4

Table 9. The values of Q, W and p for data in table 8.

Parameters 0 W ©
Values 9.91 0.82 0.65
Significance at 0.2 level + +

When a significant level of 0.2 is used, a slightly
greater risk is taken and as Q is significant at 0.2 level,
we conclude there is no reliable difference in the judgement,
of male and female judges (W=0.82, p=0.65) and the hearing

aids differ consistently among themselves.

Using the statistical analysis Kendall's Coefficient
af Concordance W, Snedecor'e distribution for F and Spearman's
Coefficient of Correlation p were calculated to know wheth-
er there is significant agreement between judges as a whole.

The table 10 chows the wvalues.



Table 10. The values of W, F and p for data in table 6.

Parameters W F o}
Values 0.485 6.592 0.41
Significance + at 0.1 level

The size of the Coefficient of Concordance indicated
that there was high degree of agreement among 8 judges 1in
ranking of the 7 hearing aids. W was further tested for
significance using Snedecors's distribution for F which
was found to he highly significant at 0.1 level. Spearman's
Coefficient Correlation p again showed that there was agree-

ment between judges for ranking of hearing aids.

Having established that there was a significant measure
of agreement between judges, a 'true ranking' of the hear-
ing alids was made based on the combined estimates of judges

which 1s shown in the bottom row of the table 6.

Further combined rankings of male and female speakers
for spectrographic and perceptual judgements were compared.
The test statistic Q of Friedman was 8.78 which is net sig-
nificant at 0.1 level. It can be concluded that there is
significant difference in ratings provided by spectrographic

analysis and perceptual analysis. Though it can be noticed
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that Q of 8.78 1s significant at 0.2 level and Coefficient
of concordance W and p are 0.73 and 0.46 respectively show-
ing no difference in the rankings of hearing aids, but the
null hypothesis has been rejected to reduce the changes of

error in judgement.

DISCUSSIONS

The results of this study shows that it i1s possible
to evaluate the efficiency in performance of hearing aids
using the spectrographical and perceptual analysis and rank
them in terms of proficiency. This 1s based on the assump-
tion that instrumental analysis 1s necessary to understand
how the quality of speech is affected as auditory transcrip-
tions of speech can never isolate the acoustic cues which
may be necessary to judge the quality of speech through
hearing aids. This might be one of the probable reasons
why judgemets of spectrographic analysis did not correlate

significantly well with perceptual judgements.

When we compare the rankings obtained by spectrographic
analysis and perceptual analysis palr by palr certailn simi-
larities can be noticed. There 1s agreement regarding the
best hearing aid and the worst hearing aid, as well as the
third best hearing aid. These are H-6, H-4 and H-7. There
is partial agreement about the H-7, it has a rank of 5 for

spectrographic analysis and 4 perceptual analysis and



simlarity for H1 with its ranks of 4 and 6 for spectra-

graphic anal ysis and perceptual analysis respectively.

There is conplete disagreenent for H2 and H5 which
get ranking of 2;5 and 6;2 for Spectrographic analysis ana
perceptual analysis. Had we accepted the 0.2 level of con-
fidence, these different pairs woul d have got the sane rat-
ing, therefore it was much safer to accept the null hypothe-
sis. This forces us to accept the conclusion that rankings
provi ded on the basis of Spectrographic analysis and percep-
tual analysis are highly dissimlar for these aids.

Perceptual analysis is based on the assunption that
physi cal differences anong hearing aids can be reflected
i n behavioural tests (Jeffers and Smth 1964). Shore, Bilger
and Hrsh (1960) showed that when CI D W2 and recorded
PB word |ist spoken by Rush Hughes were used to evaluate
hearing aid performance the reliability of these neasures
was "not good enough to warrant the investment of a large
amount of clinical time with themin selecting hearing aids".
But they noted that reliable differences m ght be found
anong factors "not yet ....... cl ai med to be neasurabl e by

the audi ol ogi st".

The results of the study by Ramani (1975) showed t hat
it was possible to qualify the hearing aids though behavi ou-
ral tests and the performance difference, which was consis-
tent could bermeasured. Jeffers and Smth (1964) also ass-
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erted that the physical differences anong hearing aids can
be reflected in behavioural tests. The hearing aid H6 was
found to be superior on both Spectrographic analysis and
perceptual analysis as it had a low distortion, good frequ-
ency response and speech was reproduced faithfully and in-
ternal noise was mninum The hearing aid H4 consistantly
got a lower ranking for sentences spoken by male and fenal e
speaker. The hearing aid had a I owgain, high distortion
and high internal noise to the extent that it was difficult
to recogni ze various spectrographic patterns. It had a
frequency response of 3K Hz, manufacturer's data did not
speci fy frequency response but the maximum acoustic gain
provi ded by the manufacturer is about 60 dB, which further
indicated that the H4 is a lowgain hearing aid. This fact
has been judged very well both by Spectrographic analysis
and perceptual analysis. As we are well aware that our
usual conversation |evel of speech is also about 60 dB SPL,
so this aid mght be useful in the case of recruitnent.

Jerger, Speaks and Mal mgui st (1966) found that hearing
aids with |east distortion seened to be best for all patient
and the one with the nost distortion seened to be |east valu
able for all patients. They also attenpted to investigiate
a performance taks that would reliably distinguish the diff-
erence anong three hearing aids and whether on the basis
of the performance taks, can these aids be rank ordered.
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The results showed that the physical difference among three
hearing aids were reflected behaviourally by the PAL-8 task
which further supported the present perceptual study.

Jeffers (1960) used what m ght be ternmed as "clinical"
approach to evaluate hearing aids based on speech quality
judgement. She concluded that judgenments of speech quality
differatiated strongly among hearing aids with different
el ectroacoustic characteristics. This test formant, first
used by Jeffers (1960) and latter Weldele and M11in (1975)
was recomrended for use in the clinical setting as a neans
of selecting hearing aids. The present study al so showed
that hearing aids can be ranked based on the speech quality
j udgenent .

Studies by Jeffers (1960) and Wtter and Goldstein (1971)
suggested the quality judgenents were sensitive to el ectro-
acoustic differences in hearing aids. Fromthose studies
It was concluded that aids exhibiting high-fidelity charac-
teristics such as wi de bandw dth and good transient response
were judged to produce higher quality speech, which supports
the present study.

Wtter and Goldstein (1971) raised the possibility that
hearing aid ranking based on quality preferences m ght be
i nfluenced by the specific stinuli. Stimuli consisting of
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mal e and femal e voi ces produced different over all ranking.
If O level of significance was used as criteria instead

of 0.2 level of significance for conparision of conbined
rankings of male and fenal e speakers based on spectrographic
analysis, the results would have supported the study of Wtter
and Gol dstein. Wen the ranking provided by nale and fenal e
judges were conpared for combined mal e and femal e voi ces
ratings, they differed significantly at 0.1 | evel, though
the results were not significant at 0.2 level. Fromthe
above data it can be concluded that combined ranking for
mal e and fenmal e voi ce shows sone disagreenent for spectro-
graphic analysis , and there have al so been differences bet-
ween mal e and fenmal e judges on the conbined rating of sen-
tences based on perceptual analysis at 0.1 level. Punch
(1970) using on adaptation of Berlin's (1962) technique with
REMAR and the Zwi sl ocki coupler, showed that the preferences
assigned for a male voice, a fenale voice and music were
statistically correlated. These results failed to reveal

a hearing aid stimulus interaction in the context of aided
quality judgements. Findings also revealed individual |is-
teners within each subject group produced highly simlar
rankings an the basis of their quality judgemets. This
supports our findings based on spectrographic analysis asr

wel | as perceptual analysis.



Jerger and Hayes (1976) stated that the effective hear-

ing aid evaluation technique nust delineate differences anong

hearing aids in a systematic manner, achieve face validity

by employing test materials resenbling nore closely conver-
sational speech and be a sinple procedure that utilizes
standard clinical instrunentation. Jerger, Ml nguist and
Speaks attenpted to investigate a perfornance task that
woul d reliably distinguish the difference anong hearing aids
and whet her on the basis of the performance task, can these
aids be ranked. The results showed that the physical diff-
erence among three hearingaids were reflected behaviourally

by the PAL-8 task, which further supports the present per-
ceptual study. Suny and Hodgson (1971) found that hearing
aid with the better high frequency response produced better

intelligibility for monosyllabic words regardl ess of the

nmode of signal input. The configuration of the frequency

response curve in the region of 1.5 to 3K c/s appeared to
be associated with the intelligibility of nonosyllabic words,

Wth respect to the above study, and results obtained it

could be stated that frequency response of the aid H 6 was

mai ntained well at this range while is was poorly naintained

for the hearing aid H-4.

The study of Jerger et al (1972) has indicated that

It is possible to devise behavioural measures that would
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infact differentiate among hearing aids with differing
physi cal characteristics. Since there have not been any
studi es conparing judgenments based on apectrographic analy-
sis and perceptual analysis to best of our know edge, the
conclusions arrived at fromthe present study are only
tentative which require further exploration. The follow ng
concusi ons seem indicated based on the present study:

1. There is reliable agreenment in ranking of the each
hearing aid;, provided by different sentences 1, 2 and 3 for
male as wel | as female speaker i.e. ranking of the sane aid
for different sentences was reliable. Thus it can be stated
sentences thenselves did not influence the perfornmance of
the aid.

2. The data provide reliable evidence of consistent differ-
ance anong hearing aids for male as well as femal e speakers.
3. Judgenents of the hearing aid ranking do not differ sig-
nificantly based on conmbined estinmates provided by three
sentences for male and fenal e speaker.

4. There is reliable overall agreement anong judges for the
ranki ngs based on perceptual analysis for different hearing
ai ds.

5. Bankings provided by nale and femal e judges for various
hearing aids for combined male and fenmale voice rating did
not differ significantly.

6. Conbined ranking based on spectrographic anal ysis and
perceptual analysis differ significantly.

59



SUMVARY AND CONCLUSI ONS

The aimof the present study was to judge the quality
of hearing aids using hearing aid processed stimuli and
ranki ng them based on spectrographic analysis. In the
second part of the study hearing aid processed stinuli were
presented to eight judges and they were asked to rank the
hearing aids based on perceptual judgenents. Seven hear -
ing aids were selected at randomso that, at |east one
hearing aid fromvarious manufacturers was included for
study. The followi ng three sentences were used,

r. W were away a year ago.
2. May we all learn a yellowlion roar.
3. Didyou thank hinf

Two subjects, one nale and one fenal e were choosen as
speakers. They were given considerable practice with these
sentences. These sentences were recorded on a professional
spool tape recorder. Then the subjects were again asked
to speak the three sentences through the various hearing
aids. The receiver of the hearing aid was connected to
condenser m crophone through 2 C C Coupl er which was inturn
connected to a frequency anal yzer (B& 2107). The out put
fromthe neasuring anplifier was recorded on the spool
tape recorder. Al the aids were adjusted to their half
average gain at IKHz. Both the subjects were instructed
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to speak the sentences alternatively. The order of the
sentences was random zed to avoid any order effect. Each
subj ect was given 30 sec. rest after speaking the sentence.
Spectrograms were taken for control as well as experinenta
recordings. In total 48 spectrograns were taken for control
and experimental recordings. The hearing aids were ranked
separately for three sentences for male and also for fenale
speaker. After comparing with control spectrogramreliabi-
lity of the ranking for hearing aids and also for sentences
spoken by male and femal e speaker was checked. Suitable
statistical methods were enployed to test various hypothesis.

In the second part of the study, the tape was played
ina quiet room at confortable level to four male and four
femal e judges and they were asked to rate the hearing aids
in terns of frequency response, gain and distortion. The
ratings of male and female judges were conpared to check
iIf the ranking differed significantly. Overall reliability
of judgenent for various judges was al so checked.

Using the Friedman's Test, overall rankings, which are
givenin table Il, for spectrographic analysis and perceptua
anal ysis were conpared, and it was found that these rankings
differed signifieantly.

Through spectrographic analysis and perceptual analysis
it was possible to judge "best" and "worst" hearing aid and
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they obtained the sane ranking. It was also found the qua-
lity of the hearing aids differ dependi ng upon their physica

characteristics.

Table 1'1. Conbined rankings for nmal e and fenal e speakers

Hearing Ai ds H1 H2 H3 H4 H5 H6 H7
Anal ysi s

Spect r ogr aphi ¢ 4 2 3 7 6 1 5

Per cept ual 6 <) 3 7 2 1 4

Future Research Possibilities:

1. Identical recordings should be used to nake on objective
conpari son between vari ous hearing aids.

2. Judges in the case of perceptual judgenments shoul d be
asked to rate the hearing aids based on the paired judgenents.
3. More such studies should be done to denonstrate the su-
periority or reliability of one method over other i.e.

spectrographi c anal ysis or perceptual judgenent.
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