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| NTRODUCTI ON

Man is highly dependent on his senses. It is through
his senses that he is able to feel and experience the world
around him O the five senses, hearing is one of the nost
i mport ant sense. It forns a vital Ilink to the world of

conmuni cati on

Hearing is essential for the acquisition of speech and
| anguage. It is through hearing of speech and other sounds
in the environnent that a child is able to acquire |anguage.
The hearing nechanismis also essential for nmonitoring one's
own speech production. |In addition, hearing also enables an
i ndividual to make judgenents regarding the location of the

di fferent sound sources in the environment [Yost, 1994],

| npai rment of hearing, therefore, not only renders a
person unable to appreciate the different sounds present
in his environment, but also reduces his <capacity to

under stand and produce speech.

The comunication difficulties experienced by the

hearing inpaired are proportionate to the severity of hearing

i mpai rment [ Newby &Popel ka, 1992]. The hearing inpairnent
al so produces sone psychol ogi cal mal adj ustment in the
i ndi vi dual s. These psychological difficulties arising from

the hearing |oss, may sonetines becone a greater problem for
t he heari ng i mpaired  person t han t he conmmuni cati ve

difficulties [Newby and Popel ka, 1992].



The problem can be nmitigated by providing anplification.
Amplification represents t he single nost i mport ant
rehabilitative tool available to the hearing inpaired
popul ati on. [ Ross, 1975; Ross & G olas, 1978; Bess &
McConnel I, 1981]. Anplification devices provide a valuable
communi cative link between the hearing inpaired listener and

hi s acoustic environnment.

Hi storically, there have been numerous divergent trends
in the successful hearing aid fitting procedures. It is
inmportant to give a special consideration to the various
procedures wused for assessing the anplification devices,
because, i nappropriate or m sused anplification can
substantially degrade the communication ability and under
certain conditions, can cause additional damage to the
auditory system (R ntelnmann & Bess, 1977; Hunmes and Bess,

1981) .

Davis and Mieller (1987) have described the various
hearing aid fitting procedures as either conparative or

prescriptive nethods.

The essence of the conparative hearing aid selection
technique is to evaluate a nunber of hearing aids on the
patient with hearing inpairnment, conduct sone type of fornal
or informal speech based neasurenment wth each hearing aid
and then pick the best performng hearing aid for fitting
This technique is a direct descendant of the well known

procedure described by Raynond Carhart (1946).



The conparative hearing aid evaluation was reported to
be the nost popular nethod (Smaldino & Hoene, 1981) conpared
to the other hearing aid selection procedures despite the

fact that it has poor reliability and fitting validity.

The prescriptive hearing aid evaluation nethod, on the
other hand, is based on the assunption that, given either a
patient's puretone auditory thresholds. Mst Confortable
Level (MCL), or Unconfortable Levels (UCL), the appropriate
anmount of gain for each frequency can be calculated
mat hematically and optimum aided speech intelligibility can
be obtained through a pre-determ ned fornula. There are
nunmerous prescriptive fornula avail able. Some of the nost
popul ar ones are PO (MCandl ess and Lyregaard, 1983), NAL
(Byrne and Tonnison, 1976), Berger (1977).

To ensure that the fitting is appropriate and effective,
every prescriptive selection procedure includes a technique
to validate the final fitting. The various clinical
val i dation techniques include the functional gain where the
aided and wunaided free field threshold are neasured and
conpared using FM tone or narrow band stinmuli; speech
reception threshold; speech discrimnation test and the

subj ective verification of confort and clarity (Tate, 1994).

To date, no standardi zed technique for final validation

are wi dely used (Wal ker et al. 1984).



More recently, the real ear insertion gain nmeasurenents
have gai ned inpetus and are increasingly used to validate the
prescriptive gain target. The insertion gain neasure
provi des an objective neasure of the gain provided by the

hearing aid.

It is, however, inportant to enphasize that real ear
insertion gain neasures are not a nethod of fitting hearing
aids (Mueller, 1989). Areal ear insertion gain matched to a
prescriptive target gain, does not assure that the fitting
will be successful and that the speech understanding ability
has been maxi m zed. In other words, there is no guarantee

that the optimal fitting has been achieved (Mieller, 1992).

As outlined by Bratt and Sammeta  (1991), the
prescriptive targets should only be prelimnary goals wth
the final real ear insertion gain response determ ned through
the use of speech neasures; assessnent of individual needs

and subjective reports of the hearing aid user.

NEED FOR THE STUDY:

Several studies have conpared the prescribed gain with
the use gain (Ryals and Auther, 1990; Byrne and Cotton, 1988;
Davies and Miller, 1987) and the insertion gain wth
functional gain (Zenplenyi, Drks &G I|mn, 1985; Mson and
Popel ka, 1986; Tecca and Whodford, 1987). However, there are
very few studies which have conpared the effectiveness of a

hearing aid fitting when the real ear insertion gain deviated



from the prescribed target gain and its effect on the speech
understanding ability of the hearing aid uses. Ther ef or g,
there is a need to study the deviation of the gain of the
hearing aid from the prescribed target and its effect on the
speech understanding ability. There is, also, a need to
i nvestigate whether the deviation from the pescribed target
can be considered acceptable or not. Hence, the present

study was attenpted.

AlM OF THE STUDY:

The aim of the study was to evaluate the relationship
between the insertion gain wusing the POG prescriptive
formula (MCandless and Lyregaard, 1983) and the functional
gain using the speech nmaterial under the follow ng

condi ti ons:

a) When the gain was matched with the target gain in the
speech frequenci es,

b) When the gain of the hearing aid was overshooting the
target gain in the speech frequencies,

c) When the gain of the hearing aid was wunder shooting the

target gain in the speech frequencies.



REVI EW OF LI TERATURE

The hearing aid evaluation procedure s a highly

interactive process which i nvol ves adapting the heari ng
instrument to a particular individual (Muel l er, Hawkins &
Sedge, 1984) . This challenges the expertise of every

audi ol ogist, who finds hinself with a nmyriad of fitting
methods that have been utilized wth varying degrees of

conmm t nent .

Hearing aids vary in their electroacoustic output and
the functions that they provide. Hence, a detailed
hearing aid evaluation has to be perforned for each
individual to select the appropriate hearing aid that would

best suit the individual's needs.

The search for an wuniversally acceptable approach to
hearing aid selection <continues and the solution also

continues to be elusive (Libby, 1985).

Al t hough each di spenser develops his or her own specific
sel ection procedures, sonme general principles and procedura
categories exist that permt the description of various

appr oaches.

COMPARATI VE PROCEDURES:

The conparative procedure was described by Carhart

(1946) .



The Carhart conparative procedure goal was to select the
best hearing aid based on the percentage of «correctly
identified nonosyl |l abic words. He recommended the ranking of
hearing aids from a Ilimted nunber of nodels by naking
conparisons of the aided thresholds and speech disrimnation
in quiet and noise. The hearing aid that produced the

hi ghest speech discrimnation score was sel ected.

As Carhart was describing his reconmended formal speech-
based conparative evaluation, the Harvard report strategy was
publ i shed (Davis, Hudgins, Marquis, Ni chols, Peterson, Rossé&
Stevens, 1946). This report proposed that the utilization of
hearing aids having either a flat frequency response or a
rising 6 dB per octave frequency response was sufficient for

all persons with inpaired hearing requiring anplification.

There are a nunber of well recognized Iimtations to the
conparative hearing aid selection procedure. The conparative
procedures are time consum ng. Also, as it is not possible
to match every hearing aid against every other possible
hearing aid, the audiologist selects only a few hearing aids
for the listener to conpare, thereby limting the nunber of

conpari son.

Jerger (1987) pointed out that the nonosyllable word
scores do not rank order the different hearing aid systens
in a sufficiently reliable fashion. Muel l er and Gines
(1983) showed that the variability of speech materials used

in the conparative procedures nay actually be greater than



the differences anong the hearing aids under eval uation.

Shor e, Bilger and Hirsh (1960) reported that speech
discrimnation testing using nonosyllable words in quiet or
background noise did not reveal the differences anong the
hearing aids. These findings were also confirned by Jerger,

Mal mgui st and Speaks (1966).

Nont hel ess, inspite of the limtations, the conparative
hearing aid evaluation was reported to be the nost popul ar

nmet hod used by audi ol ogi sts (Smal di no and Hoene, 1981).
PRESCRI PTI VE APPROACH:

The prescriptive approach refers to the tailoring of
frequency response curve of a hearing aid in confornmance with

the client's audi ogram (Rose, 1978).

Over the past few decades, there has been a dramatic
shift in the way the hearing instrunents were selected and
fitted with many audiologists turning to the theoretically
based prescriptive nethods. Humes and Houghton (1992)
attribute the following factors for such as trend. Firstly,
to overconme the fundanental problenms of the conparative
appr oach. Secondl vy, evi dences suggest that the gain
characteristics of the hearing i nst rument should be
individually tailored to the person's hearing loss. Finally,
it is nore feasible to use nethods that require matching of
observed gain to prescribed gain characteristics on an

i ndi vi dual basi s.



Proponents of prescriptive anplification suggest that
the gain of the hearing aid should increase in the frequency-
regions where the hearing |oss increases so that the inproved
listener could attain better audibility. The hearing aid gain
prescriptions often incorporate an adjustnent to conpensate
for the fact that normal speech contains nore |ow frequency-
energy than high frequency energy. These prescriptions
generally provide for less low frequency gain and greater

hi gh frequency gain.

There are numerous prescriptive fornmula available. Sone
of the prescriptive procedures utilize the thresholds while

others utilize the Mdst confortable |oudness |evel.

The 'threshold based procedures' have the advantage that
they are applicable to alnost all the patients since they

require only the ability to detect the presence of a sound.

The 'l oundness based procedures' on the other hand, have
t he apparent advantage of providing nore genuine information
about a patient's auditory functioning. But the mgjor
di sadvantage of this procedure is that not all patients can
make |oudness judgenments. The test retest reliability is

better with threshold procedures.

The various prescriptive nethods based on the threshold
are;

1) Mrroring of audi ogram (West, 1937)

2) Byrne & Tonni son nethod (1976)
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3) Bergers formula (Berger et al.19 77)
4) NAL (Byrne & Dillon, 1986)

5) Lybargers formula (1944)

6) Libby's method (1985)

The prescriptive procedures based on the Loudness are;

1) Equal |oudness contour procedure (Watson and Knudson,
1940) .

2) Bissection of dynam c range (1967)

3) Shapiros nethod (1976)

4) Zelnick's formula (1982).

Martin and Morris  (1989) reported that 71% of
audi ol ogi sts used a prescriptive fitting procedure and that
75% of them used either the Berger nethod, the POG0 procedure

or the NAL formul a.

The following section gives a review of studies that

have been conducted using the POG3O fornul a.
POGO - PRESCRI PTION OF GAIN & QUTPUT:

The PO was given by MCandless and Lyregaard in 1983.
The POXO fitting method is used predomnantly for individuals

w th sensoryneural hearing loss of |less than 80 dB HL.

The underlying principle is that a sensory-neural
hearing loss is acconpanied by recruitnent. Hence, sounds of
low or noderate intensity are inordinately weak or

i naudi bl e, whereas intense sounds are as |loud as they woul d
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be for a normal hearing person and therefore would not

require any anplification.

The application of half-gain principle results in the
sane anplification for both weak and intense sounds and | eads
to poor speech intelligibility in noise due to the upward
spread  of masking from |ow frequency anbient noise.
Therefore, to ensure that the sound |evels which are nost
inmportant in daily life be audible wthout being excessively
loud, the POGO nethod includes an additional reduction of
gain at |ow frequencies. McCandl ess & Lyregaard (1983)
poi nted out that the speech intelligibility is not the only
rel evant property, but poor sound quality may also lead to

rejection of hearing aid.

McCandl ess and Lyregaard (1983) have described three
basi c steps in using POGO.

Step One :- Calculation of the required characteristics. The

required insertion gain in calculated by the

f or mul a.
Frequency (H2) Insertion gain (dB)
250 V2 HL -10
500 V2 HL -5
1000 V2 HL
2000 V2 H
3000 V2 H

4000 V2 H
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The maxi mum power output (MPO is equal to the average

UCL in dB HL at 500, 1000, 2000Hz.

MPO = UCL500 + UCLlooo + UCL2000

3

Step Two :- Inplenmentation of required gain and MPO

This step entails the selection and adj ustnent anong the

heari ng ai ds.

It is determined if the required MPO is wthin the
adjustnent range of the aid. The maximum required insertion
gain in the region of 500-2000 H2 is found and checked
whether this maximum is within the adjustment range of the

aid, allowing for + 10 dB reserve gain.

Finally, the required insertion frequency response is
conpar ed with the responses avai l able for each ai d.
McCandl ess and Lyregaard claim that with nost hearing aids,
the frequency response in the region of 250-2000 H2 should

predom nantly fit.

The step three: Involves the verification of the acoustic
per f or mnce. Both the insertion gain and MPO should be

checked in-situ on the ear.

MCODI FI CATI ON OF POGO!

Since the POGBO procedure was designed for persons wth
only mld or noderate SN hearing loss, it is not applicable

for patients with severe to profound | osses. Hence to
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optim ze the speech reception at a confort level gain setting
for patients with severe hearing loss, a nmodification of the
POGO had been designed by Schwartz, Lyregared, and Lundh
(1988), called as the PO Il. Schwartz et al.(1988) found
that for hearing |osses beyond 60 dB, MCL grows at a higher
rate than one-half gain. On the basis of these data, the
original POGO fornmula (which represents a 1.2 ratio of gain
to hearing loss) was nodified to a ratio of 1.1 for hearing

| osses above 65 dB.

The formula for POGO Il is given bel ow
a) For hearing |osses < 65 dB
Insertion gain = 1/2 HL-C
where C = 10 dB at 250 Hz and
C=5 dB at 500 Hz.

b) For hearing |osses > 65 dB
Insertion gain = /2 H. - C + 1/2 (HL-65)
where C = 10 dB at 250 Hz & 5 dB at 500 Hz.

POGO Il represents a conprom se between the one half
gain rule for normalizing MCL and the equal sensation |evel
concept which will deliver greater |oudness in the frequency
region where the hearing loss is largest, that is, greater
than 65 dB.

Advant ages of POGO | & I1:

1) The POGO procedure is sinple (Mieller, 1992)
2) The POGO procedure is nore practical (Mieller, 1992)
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3) Both POGO I & POGO Il, provide the hearing aid fitter with
a sinple and rapid estinate of the gain for frequenci es
needed to nake speech optinmally audi ble, while maintaining

within the confort ranges for long-term |istening.

4) PO Il is useful in attenpting to fit patients whose

hearing | oss magni tude changes across frequency.

However, no studies have been published on the accuracy

or validity of the procedure.

Smriga (1984) eval uat ed 48 sensori neural heari ng
inmpaired adults for anplification using the POGO prescription
and reported that POGO system appeared to inprove the fitting
accuracy. Also, there was a substantial user satisfaction in

terns of sound quality.

In a survey conducted by Martin & Murris (1989) the POGO
nmethod was reported to be nost frequently wused fitting
nmet hod. The survey also indicated that POGO nethod was an
easy nmethod to use in the clinical assessnent process and was
able to neet the acoustic needs of the patient. POGO net hod
offered the best approxinmation of absolute electroacoustic

characteristic responses required by the patient.

Lyregaar d (1986) studied the practical validity of POGO
prescriptive formula using the BTE & I TE hearing aids. Twenty
nine experienced hearing aid users were selected and the
custom I TE hearing aids were manufactured in accordance with

POGO and the tone bal ance was assessed using a questionaire.
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Results indicated that 83% rated the tone bal ance "very good"
or "good", 17% rated it 'average', whereas no one rated it
"poor" or "very poor". This suggested that the insertion

gain predicted by POGO was satifactory.

Sni k and Honmbergen (1993) conpared the nmeasured insertion
gain to the desired gain resulting fromprescriptive rules in
the preschool children, primary school children, and adults
and reported that POGO nethod was nost appropriate for the
children, while for adults the mneasured insertion gain was
| ying between the val ues prescribed by the half gain rule and
one third gain rule. The results also indicated that the
overall level of insertion gain was 7dB higher in the

children group than in the adult group.

Sni k, Vander Borne, Brokx and Hoekstra (1995) studied
sixteen children with profound sensory neural hearing |oss
and conpared the neasured and cal cul ated insertion gain using
POGO ||, Desired sensation |level nethod & NAL-R  The results
of this study , however, indicated that POGO Il gave the nost
deviation in results. At 1 KHz and 2 KHz , a discrepancy of
12 dB or nore was found between the cal cul ated and neasured
i nsertion gain. Conpared to the higher frequencies, POGOII
prescribed little gain at 250 Hz and 500Hz. Snik et al.
(1995) reported that although such reductions are beneficial

in patients with mld to noderate hearing |oss, for patients

with severe or profound hearing loss, amplification in the
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| ow frequency region is of great inportance for the speech

recognition.

Byrne (19.7) conpred the prescribed frequency responses
from six theshol d-based nethods., Berger nethod, Byrne and
Tonni son net hod (1976), Lybarger (1944) nethod, NAL-R (1986).
PO3O (1983) 4 Libby (1985) and found that the frequency
responses were quite different across the six prescriptive
nmet hods. The high frequency slopes prescribed by the PO30
nethod were significantly greater than those prescribed by
Berger and Byrne and Tonni son nethods. O performng the
clusters analysis to assess the degree of simlarity anong
these six prescriptive nethods, the revised NAL, the PO30 and
Lybar ger net hods were grouped as nmenbers of one cluster while

t he Berger and Li bby were nmenbers of one cluster.

Hunes (1986) evaluated seven audionetric configuration
using ten prescriptive nethods which included POG30O NAL,
Berger, Libby (1985), Cox (1983), Shapiro (1976) and found
that different gain selection rationales resulted in the

selection of different hearing aids for a given patient.

Punch and Patterson (1990) studied the extent of
differences in both target gain and the target coupler gain
values using the four prescriptive formulae, Berger (1977)
POGO and NAL-R(1986). Three simnul ated audi onetric confi -

guration enployed were a flat noderate hearing | oss, a

gradual ly sloping loss of mld degree in the speech

frequency and a steeply sloping |oss. The results
i ndi cated that of
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the four prescriptive fornmulae, the Berger rule calls for the
hi ghest gain, NAL-Rrequires the |east gain. The Lybarger
and PO60 nethods required an internediate and a very simlar
anmount of gain. Punch and Patterson (1990), however

reported that these differences were substantial at 500, 1000
and 4000 Hz, wth the degree of variation dependent on |oss

and sl ope.

Ryal s and Aut her (1990) conpared the preferred insertion
gain values of elderly (> 75 years) and younger (< 60years)
subjects to the gain values predicted by the POGO (1983),

NAL- R(1986), Berger (1977) and 1/3 gain formnul ae. They
found that for both POGO and Berger nethods, there was
significantly nore predicted gain than preferred gain.
However, for the NAL'R and 1/3 gain nethods, there was no
significant differences between the average predicted and
preferred gain. Further; no age effect was observed for
average insertion gain. Ryals and Auther (1990) also
reported that fornmulae that predict relatively |low gain
val ues provide appropriate target insertion gain values for

ol der adul ts.

Berger (1989) plotted the predicted aided responses from
three prescriptive hearing aid nethods; Berger, NAL and
POXO for seven hearing |oss patterns, which included two flat
| osses, two noderately sloping down and two steeply high
frequency loss and one |low frequency |oss. The aided

responses were then conpared to the range of soft speech and
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| oud speech- The soft speech was considered as averagi ng 55
dBSPL and |oud speech as averaging 75 dB SPL. The results
indicated that POG0 nmethod enconpassed nore of the |oud
speech energy while, Berger nethod enconpasses slightly nore
of soft speech energy. Berger (1989) reported that the
predi cted aided thresholds differed |ess between the Berger
and POGO net hods than between Berger and NAL or POGO and NAL
nmet hods. Further, the three nethods provided for adequate

gain for soft speech at majority of the frequencies.

Hunmes and Hackett (1990) conpared the neasured insertion
gain and that prescribed by the revised NAL, PO 11 and
revised MSU nmethod and found significant differences anong
the three nethods in the prescribed frequency responses but
not in the obtained frequency response. Humes .and Hackett
(1990) al so conpared the speech recognition results and found
no significant differences in the speech recognition
performances in both noise and quiet anobng the instrunents
sel ected by each of the nmethods. Hunmes and Hackett (1990)
reported that all the three prescriptive nethods result in
simlar amount of benefit being derived from anplification

with the largest inprovenents occurring in quiet.

Ber ger (1990) conpar ed t he t hree hearing aid
prescriptive nethods, that is, POGO Berger nethod and NAL
nmethods with the nodified Articulation I|ndex. He found that
the articulation index ranged from 0.58 to 0.96 for the POGO

nmet hod. The Berger nethod produced the highest articulation
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index (0.56 to 0.98) while the NAL nethod produced the | owest
articulation index (0.26-0.86). The differences in the
articulation index between the three nmethod was, however,

smal | .

Rankovic (1991) also applied the articulation index to
conpare the anplification characteristics specified by NAL
and POGO prescription. Results indicated that POGO
prescription nmade the average speech spectrum nore audible
than the NAL prescription for all subjects. Al so, the POGO
and NAL prescriptions never prescribed gain that would

anplify the speech peaks beyond the cal cul ated UCLS.

Rankovic (1991) further reported that the frequency gain
characteristic that maximzed the audibility of the speech
spectrum required nore gain than either the NAL or POGO
prescriptions. Also, for the Al max condition, the speech
spectrum was selectively anplified so that the long term
average one-third octave band |evel of speech in each band
was 18 dB above the pure tone threshold when both speech and

threshol ds are expressed in spectrum level units.

Rankovic (1991) also reported that Al nmax condition did
not always inprove performance over that observed under
anplification reconmended by the prescriptive rules, but nore
inportantly, did not degrade the performance for the majority

of ears.
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Humes (1986) has indicated that many of the contenporary
prescriptive hearing aid selection nethods do not differ in

regard to the aided speech recognition performance.

From nost of studies quoted, it is evident that nost of
the prescriptive techniques appear to provide an acceptable
t heoretical basis for the fitting of the anplification. And,
al t hough, there are significant differences in the ampbunt of
prescribed gain under various fornulas, there have been, to
date, few evaluative studies regarding the relative success
of one formnulae over the other (Humer 1986, Byrne 1987). It
therefore, beconmes the responsibility of the clinician in

determ ning the specific prescriptive approach to be used.

Bratt and Sammeth (1991) have, recommended a four point

rati onal

1. Hearing aid fittings should be designed to achieve a goa
that has a scientific basis and enpirical validation, wth
nmeasurable targets in terms of 2-cc coupler and real ear

insertion gain.

2. Individual rather than the averaged data should be
incorporated into the target calculation and fitting

whenever possi bl e.

3. The hearing aid performance should be verified in term of

2-cc coupler and REIG or functional gain.
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4, The prescribed targets should be considered only as
prelimnary goals, with the final fitting characteristics
dictated by mneasurenent of aided responses to speech or
speech like stimuli and by the individual needs and

desires of the patient.

Kankl e and Ml loy (1995) also viewed that regardl ess of
the prescriptive nethod used, it is very inportant to verify
that an individual's hearing aid neets the specifications of

the given prescription.
STUDI ES COMPARI NG FUNCTI ONAL GAIN AND | NSERTI ON GAI N

Research indicates that both functional gain and
insertion gain neasurenents are essentially the equivalent
met hods for measuring the same aspect of the hearing aid
performance. The insertion gain determnes the difference in
SPL developed at a given point in the auditory canal for
unai ded and aided conditions. The functional gain determ nes
the difference in the sound-field thresholds for unaided and
aided conditions. Both nethods account for individua
differences in ear geonetry, acoustic characteristics of the
i ndividual ear and acoustic coupling factors. (Dllon and

Murray, 1987., Mason and Popel ka, 1986).

Zemplenyi, Drks and Glman (1985), Mason and Popel ka
(1986), Dillon and Murray (1987), Tecca and Wodford (1987),
reported that insertion gain and functional gain were

essentially equival ent neasures.
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Killion (1980) reported that it is possible to obtain
good agreenent between insertion gain and functional gain

measur enent s.

Causey and Beck (1976) found less than a 2 dB difference
at nost frequencies between insertion gain of an over the ear
hearing aid neasured on KEMAR and the average functional gain
nmeasured on a group of subjects with sensory-neural hearing

| oss.

Popel ka and Mason (1986) conpared functional gain to
insertion gain neasured with a probe-tube m crophone system
and found that the average difference across the frequencies

was less than 1 dB.

Tecca and Whodford (1987) also found that functional and
insertion gain nethods provided equivalent results on the
aver age. However, they noted that very few cases agreed
within +5 dB at all frequencies while nost other cases agreed
within +10 dB at all frequencies. Tecca and Wodford (1987)
attributed these differences to the conbined error associated
wi th the measurenent variables of both procedures.

Stel machowicz and Lewis (1988) reported that the
insertion and functional gain may not agree in the follow ng
t hree circunstances:

a) In high gain hearing aids with a relating |ow maxi mum
out put .
b) In cases of non |inear hearing aids.

c) In cases of patients with profound SN | oss.
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They reported that in such conditions, the insertion
gain provided a valid estimate of the real-ear gain because

t hese neasures are obtained at supra threshold |evels.

Many of the audiologists prefer to use the insertion
gain nmeasurenents because of the limtations of the
functi onal gai n. Since functional gain is based on
behavi oral neasurenents, all the well-known factors |eading
to the variability noted in the behavioural auditory tests
will influence the functional gain results as well.
Functional gain neasurenents are often tine consum ng.
Consi derable attention nust be given to the careful
callibration of the test stimuli and masking of the non-test
ear. The internal hearing instrunent noise and the anplified
anbient noise nmay both lead to invalid functional gain

measur enent s.

The insertion gain mnmeasurenents, on the other hand,
provide an objective neasure of the gain provided by a
hearing aid. The verification of a prescription in
difficult-to-test patients, like children is also best

acconpl i shed by using the insertion gain nmethods.

Hawkins and Mieller (1986) reported that though the
insertion gain neasurenents are a reliable and nore rapid
substitute for functional gain neasurenents, they are not,

however, a substitute for speech testing.
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Humes (1991) reported that aided speech audionetry is
essential, even if there is a perfect match between the
insertion gain and the prescribed target. Since patients
seek anplification because they are unable to understand
speech, it seens reasonable to determne if speech
understanding has been nmaximzed, or at |east inproved,

before the fitting is considered appropriate.

Pascoe (1980) commented that both real ear insertion
gain and speech audionetry play an inportant role in the
val idation of the hearing aid fitting and it would be best to
i ncorporate both measurenents into the heari ng ai d

eval uati on.

Further, Mueller, Byrant, Brown&Budinger (1991) reported
that it is also inportant to consider the patients subjective
j udgenents. Sonetines patient's subjective judgenent may not
indicate an optinmum fitting even when the REIR is a perfect
match to the prescriptive gain targets. The solution in such
cases involve nmaking certain deviations fromthe prescriptive

gai n target.

Audi ol ogi sts are not in agreenent concerning what Real
Ear Insertion Gain (REIG - prescriptive target gain match

constitutes an acceptable fitting.

In a survey conducted by Mieller et al.(1991), even the
Real Ear Insertion Gain with greatest deviations from the

prescriptive target was judged as acceptable by nearly one-
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half of the audiologists, yet a nunber of audiologists did

not consider even the 'best' REIR as acceptable.

Muel ler et al.(1991) discussed two different approaches
to establishing a cut off for Real Ear Insertion Gain-target

gain differences.

The ideal approach was to fail the hearing aid if the
deviation from the target gain was great enough to cause a
significant decrease in the patient's speech understanding

ability.

The second approach for establishing an insertion gain
pass or fail protocol is to conpare the REIGtarget gain
differences for a given patient to simlar measures obtain
from a large pool of hearing aid fittings. The hearing aid
woul d be judged as good on bad, based on deviations fromthe

target.

To assist in determning what deviation fromthe target
can be considered clinically acceptable or |east tol erable,
Bratt and Sammeth (1991) conpared the percentage of hearing
aids that woul d be considered acceptable as a function of the
REI G deviation from NAL prescriptive fornula and the POXO

met hod.

They reported that the fitting error is simlar for the
two nethods in the lowand md frequencies. However, at 3000

and 4000 Hz the fitting error for the POGO method is about 5
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dB larger than that obtained using NAL. This finding is a
reflection of the fact that POGO gain targets are higher than
NAL targets at 3000 & 4000Hz, when a downward-sl opi ng hearing

loss is present.

Bratt and Sammeth (1991) enphasized that the target
values are only a starting point and may need to be altered
based on speech testing and subjective responses from the
hearing aid user. The real ear insertion gain neasurenents
provide a useful nethod to validate the prescriptive gain
targets. But, these neasures are not sufficient for fitting
the hearing aids. Even when the REIR neasurenents are in
good agreenent with the prescribed gain target, there is no
guarantee that the optimal fitting has been obtained. The
prescribed targets should be only prelimnary goals, with the

final REIR determ ned though the use of speech neasures.

Further, research studies are required in this regard
to provide answers to questions Ilike how much of deviation
from the target gain could be acceptable and what are the

effects on the speech performance.

A prelimnary attenpt has been made in this study to
study the effect of the deviation from the target gain
prescribed by POGO forrmula on the speech understanding

ability.
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METHODOLOGY

SUBJECTS :

El even subjects including ten males and one fenale were

selected for the study. The subjects fulfilled the follow ng

criteria.

1) The subjects had sensory-neural hearing loss with the

degree varying fromnoderate to noderately severe.

ii) Al the subjects had the speech identification scores

of above sixty five persent.

iii) The immttance audiometry revealed no mddle ear

pat hol ogy

iv) Al the subjects underwent an ENT checkup to rule

out the presence of any external or mddle ear

pr obl em

v) Al the subjects were Kannada speakers.

b) | NSTRUVENTATI ON

The follow ng instruments were used for the study.

The FONI X 6500-C, hearing aid test system was used to
perform the real ear neasurenents. The instrunent was
calibrated as per the instructions given in the

operations manual (appendi x-1)e
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ii) The «clinical audionmeter Mdsen 0B822 with matching
| oudspeakers was used for perform ng speech audi onetry.
The instrunent was calibrated as per ANSI S3-26 (1989)

standards (Appendi x-111).

iii) A noderate gain hearing aid was used for the study. The
el ectro-acoustic properties of the hearing aid were in

accordance with the IS (1984) standards.
c) TEST ENVI RONMENT:

Both the probe-tube neasurenents and the speech
audi oretry were carried out in sound treated roons where the
anbi ent noise levels were within the permssible limts (IS

[ 1991] Standard).
d) TEST S| GNAL:

For the probe nmeasurenents, a conposite tone signal wa3
presented through the |oudspeakers at an intensity of 70

dBSPL.
e) TEST MATERI AL FOR SPEECH:

Paired words and everyday sentences (appendix [V) in
Kannada which were developed in the departnment of Audiol ogy,
Al India Institute of speech and Hearing, were used for the

speech audi onetric test.
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f) TEST PROCEDURE:
a) For real ear Measurenents:

Pr e- measur enent Pr ocedur e: The | evel i ng of t he
instrument FONI X 6500C was carried out prior to the

measurenents (appendix I1).

The audionetric data was fed and the target gain curve
was obtained using the POGO formula given by M Candl ess&
Lyregaard, 1983, (appendix V).

The subjects were seated 12 inches fromthe | oudspeaker.
The | oudspeakers were placed at a 45° azimuth relative to the
patient's seating. The head band was secured above the ears
and the ear hanger was placed around the ear to be tested.
The reference m crophone was placed firmy over the head
band. The probe tube was placed in the ear of t he subj ect
such that it extended 5mm beyond the canal portion of the ear
nold. The probe tube was then marked with a marker pen. The
patient was instructed to |ook straight and not to nove or

talk until the test was conplete.

Probe neasurenments: The follow ng steps were carried out

to obtain the real ear probe neasurenents.

* Initially, the Real Ear Unaided Response (REUR) was
measur ed. This response gave the information regarding the

ear - canal resonance.
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* The ear nmold was then placed along with the probe tube and
the hearing aid was swtched on, and the Real Ear Ai ded

Response (REAR) was obtai ned.

*  The Real Ear Insertion Gin (REIG was determ ned

automatically by the instrunment.

* The tone and the volune controls of the hearing aid were

adj usted such that:

a) The insertion gain curve matched the target gain

curve in the speech frequencies,

b) The insertion gain curve was undershooting the
target gain curve by about 5-10 dB in the

speech frequenci es,

c) The insertion gain curve was overshooting the
target gain curve by about 5-10 dB in the speech

frequenci es.

The settings of the tone and volume controls in the

above three conditions were noted.

PRECAUTI ONS TAKEN WHI LE CARRYING OUT THE PROBE TUBE
MEASUREMENTS:

i) Care was taken to exclude the reflecting surfaces in the

testing conditions.

ii) Head novenents on the part of the patient were avoi ded as

these m ght affect the neasurenent.
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iii) A constant insertion depth of the probe-tube was

mai nt ai ned t hroughout the neasurenent.

iv) Care was taken to ensure that the |oudspeaker azinmuth was

al ways maintained at 45°.

v) During the Real Ear Unai ded Response (REUR) neasurenents,
negati ve val ues were obtained whenever the probe tube was
crinped or the tip was directly against the wall of the
canal . Rei nsertion or renoval of the crinp was done to

solve the probl em

vi) During the Real Ear Unai ded Response, it was ensured that
the ear nmold fitted 3nugly in the concha so that |ow

frequency | eakage was m ni m zed.
b) PROCEDURE FOR SPEECH AUDI OVETRY

The subject was seated one neter away from the

| oudspeaker, which was placed at a 45° azi nuth.

The speech nmateri al consisting of paired words and
everyday sentences in Kannada were presented through the
| oudspeakers in the free-field condition using the clinical
audi oneter Madsen OB822. The intensity level was kept at 40-
45 dBHL. The subject was instructed to answer the questions
and to repeat the paired words. The item was repeated a
second tinme when the subjects did not answer. The aided
performance was assessed at the different volune and tone

settings obtained through the probe neasurenents. And the
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scores were noted. A score of two was assigned for each
correct response and a score of one was assigned when the

correct response was obtained after the item was repeated.
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RESULTS AND DI SCUSSI ON

The main purpose of the study was to find out whether

there was any significant difference in the speech

understanding ability of the hearing aid user when the

insertion gain matched the prescribed target gainusing POGO
formula devel oped by M Candless and Lyregaard (1983) and
when the insertion from the gai n by

gain devi ated t ar get

over shooti ng and undershooting the target gain curve.

The data was collected based on the nethodol ogy given in
the previous chapter. The nean and standard deviation val ues
for sentences & paired words were tabulated (table A & B

respectively).

TABLE A: MEAN AND S D VALUES FOR SENTENCES AT DI FFERENT
HEARI NG Al D VOLUME SETTI NGS

UNDERSHOOTI NG ~ MATCHI NG ~ OVERSHOOTI NG
Mean (maxi mum 4.818 8.454 9. 909
‘score = 10)
S.D 2. 367 2.871 0. 286

TABLE B: MEAN AND S. D VALUES FOR PAI RED WORDS AT DI FFERENT
HEARI NG Al D VOLUME SETTI NGS

UNDERSHOOTI NG ~ MATCHI NG  OVERSHOOTI NG
Mean (maxi mum 4. 363 7. 454 8. 909
score = 10)
S.D 2.185 2. 965 1. 708
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The non-paranetric statistical analysis was carried out
using the t-Test (Garrett, 1966). The t-scores for both

sentences and paired words were cal cul at ed.

TABLE C SHOWN NG S| GNI FI CANCE OF DI FFERENCE BETWEEN MEANS FCOR
DI FFERENT VOLUME CONTROL SETTI NGS.

SENTENCES PAl RED WORDS
Bet ween Under shooti ng *3. 06 *2. 657
and Mat chi ng
Bet ween Over shooti ng 1. 597 1. 345
and Mat chi ng

* Statistically significant at 0.01 |evels.

The anal ysis of t-scores indicated that:

a) There was a significant difference in the speech
performance of the subjects for both sentences and paired
words between the undershooting and the matched conditions.
The t-scores were found to be significant at the 0.01 |evels

of significance.

b) There was, however, no significant difference in the
performance of the subjects for both sentences and paired
words between the matched and the overshooting of the
prescribed target gain curve condition. The t-scores were

found to be not significant even at 0.05 |evels.

Thus, from the above study, the follow ng concl usions

wer e dr awn.

a) The deviation from the prescribed target gain tends to

significantly affect the speech understanding ability of the

*
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subject only when the neasured insertion gain was nuch bel ow

than that prescribed by the POGO fornmul a.

In the undershooting condition, the word and sentence
identification scores were found to be very poor, as per the
classification for word identification ability given by

CGoet zi nger (1978).

b) The subjects performance was better not only when the
nmeasured insection gain was matched to the prescribed gain,
but also when the neasured insertion gain was overshooting
the target gain. Both the conditions resulted only in a
slight difficulty in the word and sentence identification as
per the Goetzinger's classification (1978). The subjects
also did not conplain of any disconfort or tolerance problem
for conversational speech, when the volune setting was

overshooting the target gain.

The results obtained in the study are in agreenent with
the results of Rankovic (1991). He reported that the POGO
prescriptions made the average speech spectrum nore audible
than the NAL prescription. However, the frequency gain
characteristics that maximzed the audibility of the speech
spectra required nore gain than that prescribed by the PO3O
prescription. Rankovic (1991), further reported that the
gain prescribed by the PO target curve never anplified the
speech peaks beyond the cal cul ated UCLS. Hence, a deviation
of the gain above that prescribed by the POGO can still be

consi dered accept abl e.
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However, it is recomended that the clinician should be
cautious to check for a tolerance problemwhen the output of
the hearing aid overshoots the prescribed target curve

( POCO;) .
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SUMVARY AND CONCLUSI ONS

Amplification represents the single nobst inportant
rehabilitative tool available to the hearing inpaired. The
various hearing aid fitting procedures have been described as
either conparative or prescripture nethods. Though severa
studi es have conpared the prescribed gain with the use gain
(Ryals and Auther, 1990., Byrne and Cotton, 1986), and the
insertion gain with the functional gain (Zenplenyi, D rksé&,
G |l man, 1985., Mason and Popel ka, 1986), very few studies
have conpared the effectiveness of a hearing aid fitting when
the insertion gain deviated from the prescribed target gain

(Bratt and Saneth, 1991., Mueller, 1991).

Therefore, the present study ained at studying the effect
of deviation of the insertion gain fromthe target using the
POGO formul a (M candl ess and Lyregaard, 1983) and its effects

on the speech understanding ability of the hearing aid user.

El even subjects (including 10 males and 1 female) with
bi | at er al noderate to noderately severe sensory-neural

hearing |loss were included in the study.

The study was conducted in two steps.Initially,the probe
tube neasurenments were performed using a noderate gain
hearing aid and the tone and volunme controls were adjusted

such t hat

a) the insertion gain matched the target gain curve

(POGDO) in the speech frequencies.
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b) the insertion gain was undershooting the target gain
curve by about 5-10 dB in the speech frequencies,
c) the insertion gain was overshooting the target gain

curve by about 5-10 dB in the speech frequencies.

Secondly, the speech audionetry was carried out in the
above three settings of the hearing aid and the aided scores

were noted down.

Statistical anal ysi s revealed that there was no
significant difference in the performance of the subject when
the insertion gain of the hearing aid was overshooting the
target conpared to, when it matched the target. However ,
there was a statistically significant difference in the
performance when the insertion gain was below the target gain

by about 5-10 dB, conpared to the nmatched condition.

Therefore, it can be concluded from the study that a
good performance could be achieved not only when the
insertion gain matched the target gain, but also when the
insertion gain was 5-10 dB above the target gain curve, using
the POGO fornula. On the contrary, a poor performance was
noted when the insertion gain was below the target gain by

about 5-10 dB.
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SUGGESTI ONS FCR FURTHER STUDY

1) Different prescriptive fornula could be used to study

the effect fromtheir deviation.

2) A simlar study could be replicated wusing hearing
inpaired individuals with different degrees and types of

heari ng | oss.
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APPENDI X - |

CALI BRATION OF THE QU CK PRCBE |1 OF THE FONI X 6500- C HEARI NG
Al D TEST SYSTEM

The calibration was carried out as per the procedure

descri bed bel ow.

Instrunments required : Sound |evel calibrator (Quest CA-
12), 14mm to 1 inch adaptor, probe mcrophone calibrator

adaptor and the calibration clip.

Pr ocedur e:

The sound level <calibrator's battery was initially
checked. Following this, a 14mm - to 1 inch adaptor was put
into the calibrator and the reference m crophone was inserted
into it. To calibrate the reference m crophone, the neasured
m crophone anplitude was conpared to the intensity of signa
pi cked up by the reference m crophone. If the intensity of
the reference mcrophone was not wthin [|dB of the
calibration value, (110 for quest CA-12) the gain of the
reference mcrophone was adjusted with a snall screwdriver
using the control narked 'REFERENCE on the bottom of the

qui ck- probe nodul e.

To calibrate the probe mcrophone, the reference
m crophone was renoved from the calibrator and the probe
m crophone adaptor was inserted. The probe tube was fully

inserted into the calibrator adaptor. It was checked to nake
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certain that nothing was clogging the probe tube, and that it
was properly connected to the body of the probe mcrophone
The neasured mcrophone anplitude was conpared wth the
intensity of the calibrator level. I|f the value of the probe
anplitude was significantly below the calibration level (110
for quest CA-12), it was checked to see that the probe tube
has gone all the way into the adaptor. This was done by
taking the probe <calibrator adaptor out to check. | f
necessary, the gain of the probe m crophone was adjusted with
a small screw driver using the control marked "PROBE" on the
bottom of the renote nodule. Using the above procedure,
calibration was done for the reference and probe m crophones

of the Foni x 6500C.

Calibrating the sound field |oudspeaker of FONI X-6500C.

The subject wearing the headband was seated in the
proper position near the |oud speaker.

The reference m crophone and the probe mcrophone were
conbined with the calibration clip. The tip of the probe was
kept at the centre of the grid of the reference m crophone.
Both m crophones were positioned on the headband just above

the ear nearest to the |oudspeaker. The test signal was

turned on. The RMS source SPL was conpared to the RMS
OUTSPL. If the |evel were with in 3dB of each other, the
calibration was correct. When the difference was greater

than 3dB, the adjustnent for the |oudspeaker on the back
panel of the main nodule was adjusted, until the RMS source

and RV OQUT |level were within 3dB of each other.
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Appendi x- 11

Leveling (Automatic  Adjustnent of the | oudspeaker

Response) was done as per the instructions given bel ow

Wth the speaker, the reference m crophone & probe tube
in position, the 'level' button on the renote control was

oper at ed.

A conposite tone at 69 dBSPL was presented fromthe
speaker. Depending on the instrunment |ocation and the anbient
noi se, one of followng three different I|eveling conditions

resul t ed.

a) If leveling was achieved wthin 2dB in the frequencies
between 600 & 5000 Hz, the word 'leveled appeared on the
screen. The neasured response curve appeared in the |ower
graph. Probe testing was continued if the displayed curve

was Wwthin the acceptable limts.

b) If the RVS anplitude of the reference m crophone was not
within 6 dB of the target, the screen showed the word

unl evel ed.
Followng this, it was checked to see if

i) The speaker was too close or too far away from the
ref erence m crophone

ii) The m crophones were unpl ugged and

iii) The calibration of the sound field speaker and the

m cr ophones were checked.
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|f still unsuccessful, the sound field environnent was

changed before trying the |evel again.

c)

If leveling was attenpted and neither 'leveled nor
"unl evel ed” appeared in the nessage area, it neant that
the present |eveling conpensation was sonme where between
the conditions described in (a) and (b) above. The sound
field conditions and the position of the ref erence

m crophone, were checked once again before |eveling.
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Appendi x 111

SPEECH AUDI OVETRY CALI BRATI ON

Loudspeaker output |evel calibration procedure:

The controls on the audioneter were set to the free
field testing operation. The SPL neter (B& 2209) was pl aced
one neter away from the |oudspeaker at a position where the
subject's head is likely to be during the test situation.
The speech noi se was presented through the |oudspeaker at 80
dBHL (ANSI-S3-26, 1989). The output fromthe audioneter to
| oudspeaker was nonitored to zero on the VU neter. The SL
nmeter was set to 'Linear scale' and the readings were taken.
The internal calibration was carried out if the output of the
| oudspeaker did not match the recomended value as per

ANS| - S3- 26 (1989) standards.

Speech Qut put Level Calibration:

The <controls on the audioneter were set for speech
audi onetry and intensity dial to 80dBHL. A [ O00H tone
(calibrating tone) was introduced through the m crophone
conti nuously. The input intensity level was adjusted until
the VU neter was nonitored to 'zero'. The output |evel from
the SL nmeter with 'Linear setting" were noted and conpared
with the standards. If the discrepancy was nore than + 2.5
dB between the observed values and reconmended val ues, the

internal calibration was done.
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Li nearity Check:

The intensity dial of the audioneter was set at the
maxi mum |evel and the attenuator on the SLM was set at a
| evel corresponding to the maximum |evel on the audioneter.
The attenuator setting on the audioneter was decreased in 5
dB steps and the corresponding reading on the SLM was not ed.
For every decrease in the attenuator setting, the SLM

i ndicated a correspondi ng reduction.
VU Meter Calibration Procedure:

A puretone was fed from the oscillator through the
electronic switch to the input of the audioneter. The VU
nmeter was nonitored. A rapidly interrupted signal was
produced by activating the electronic swtch. The VU neter
was again nonitored to confirmwhether there is any overshoot

or undershoot with reference to the steady state signal.
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Appendi x |V

Teat Itens Used For Hearing Aid Sel ection

SET A

Every day questions
nimma ﬁandeja hesaru e:nu?
ni:vu illige basalli bandra:?
ni:vu ra:tri efgu gantége malugu&ira:?
nimma u:ru ja:vagu? |

ni:vu belage e:nugindi tindri?

Paired words
be:le-ka:1lu
gantu-mu:te
a&&a:-igga:
suEEa:—muEEa:

hola:~ga§e
T B

Every day questions
nimage eftu varfa?

nimma hesaru e:nu?

nimage ja:va kivijalli tfanna:gi ke:}usuge?

ni:vu e:nu kelsa ma:duﬁira?

nimage ja:va ja:va ba:fe barute:?
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Pai red words
kajgaﬂsuﬂh
Ea;ji~§an§e
anga*tjanga
hoggg-ba§§e

na@e-nuqi
ST C

Every day questions
nimage ej@u dzana akka Eangijaru iga:re?

i:ga gan?e ejgu?

. manejalli ja:va ﬂ%ije ma:EgnaduEi:ra?

. ni:vu e:nu ozgigi:ra?

nimma manejalli eJtu jana iga:re?
Pai red words

ati-a:se

tal

kappe—t!ippu

mane-mata

namma-nimma

guru—jijya

Every day questions
ni:vu be%age ef?u gangege e%ugi:ra?
nimage ej?u dzana anna Eammangiru iga:re?
ni:vu manege basalli ho:guti:ra, o?o:ﬂalli ho:gugi:ra?
nimma mane ellide?

nimma dzoge ja:ru bangidare:?
la ]



Paired words
tindi-ti:rta
™ . 2] rt

alli-illi

.- sanna-putta
- -

kanasu-nanasu

kallu~mannu

L

Every day questions
nimma ta:jina hesaru e:nu?
ivaEu ja:vu va:ra?
ni:vu kofi agava Ei: ku@ig}:ra?
ni:vu illige eJEu gantege bangri?

nimage ja:va:galinda kivi ke:lusuEa:illa:?

Pai red words
mi:na—meifa
begta~gu§da
atta-itta

Lallal (a2l
hegju—kammi

tjinna-he;li



Appendi x V

The fornula used to calcualte the Prescription of Gin

and Qutput (PO3)) target -curve

follows:
Frequency (Hz)
250
500
* 750
1000
* 1500
2000
3000
4000
* 6000
* 8000
Note :- Frequenci es preceded

i nt er pol at ed.

by

from the audiogram is as

Insertion gain (dB)

an

1/2 HTL - 10 dB

2 HIL - 5 dB

12
12
12
12
12
12
12
12

HTL
HTL
HTL
HTL
HTL
HTL
HTL
HTL

- 2.5 dB

asteri sk (*) are



