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1.1
CHAPTER |

| NTRODUCT! ON

Everyday listening goes on in a fairly conplex acoustic

environment. W usually listen to speech or nusic against

a background of noise or of other voices. Remarkably
enough, we see/m Dbe able to single out the signal,
which we wish to hear, and to suppress the effects of the
noi se or unwanted extraneous sound. We cannot, however,
al ways hear the voice of our neighbour in the noisy

mar ket ; at sone point the noi se becomes too great and
masks the voice. Masking, is then, a kind of exception
to our ability to analyze out of a conplex of sounds, the
one to which we wishto attend. It is one way in which a
sound affects the audibility of another sound.

It is this basic principle which has been greatly
put to use, by the audiologist, inroutine audiometric
testing, under the title of "Cinical Masking".

Maski ng has been defined in various ways by a nunber
of authors. However, for clinical purposes it may be defined
as "the amount by which the threshold of audibility of a

sound is raised by the presence of another (masking)
sound".  (ANSI S 1.1, 1960).
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Masking is fundanentally an ipsilateral phenonenan.
(Menzel, 1968). Wat this neans is that the nasker can
exert masking effect on the nmaskee only if both masker and
nmaskee are presented to the sane ear simultaneously wth

t he exception of central masking.

The ipsilaterality of masking is basic to its applica-
tion in audionetry, since otherw se we could not confine
the masking to only one ear any nore than the test tone
(Menzel, 1968). Inthe clinical setting, the tone and t he
noi se are presented to opposite ears. Wienever cross-hearing
IS suspected, it is necessary to renove the non-test ear
fromthe test procedure to determne: (1) if the origina
responses were obtained through the non-test ear, and
(2) when the original responses were obtained through the
non-test ear, what the true threshold of the test ear really
I's. The only procedure by which this can be acconpli shed
is to deliver a noise to the non-test ear, inorder to

renove it fromthe test procedure, by nmasking.

Under this condition, two types of masking are in
evidence. The first occurs when the nmasking stimulus is
presented to one ear at a level insufficient to effect the
threshol d of the opposite ear directly. Neverthel ess, the

threshold will be el evated about 5 dB. The term "central
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maski ng" as introducedby Wgel and Lane (1924) is used
to denote this factor on the assunption that this shift
in threshold of the opposite ear is a central Nervous

Syst em Funct i on.

The second type of masking is the threshold shift which
occurs when the noise directly effects the threshold of the
ear whose threshold is being neasured. At any given tine
this may be the tested ear or the nasked ear. |If a threshold
shift occurs when the tone and noi se are presented to
opposite ears, either the threshold of the tone is deter-

m ned by t he nmasked ear (too little or no maski ng)
resul ting in undernmasking, or the noise is strong enough
to elevate the threshold of the test ear (too much naski ng)

resulting in overnasking.

For sone clinicians the approach to masking is a
haphazard, hit-or-mss, bit of guesswork wi th no basis
in any set of principles. (Sanders, 1978). They sinply
present some arbitrarily chosen | evel of noise and hope
for the best. This behaviour is reinforced by the fact
that it seens to work in many cases. Moreover, "various
witers have presented procedures designed to sinplify
the clinicians task. Unfortunately, the sinplest
procedures provide the greatest opportunity for error"
(St udebaker, 1967).
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Thus the nere fact of having used nmasking is not
enough to insure correct measurenent, that inproper use
of masking can itself introduce error. More errors are
comtted in audionetry through carel ess or inproper use
of masking than through its om ssion. Mst of these
errors result fromeither too nmuch or too little masking

(Menzel, 1968).

Avoi dance of inproper masking intensities requires
consi deration of a nunber of factors including the test
signal level, effective level, etc. Fewclinicians find
it feasible to manipulate all these nunber of variables

in day to day clinical practise. (Studebaker, 1967).

It is seldomclear just what intensity val ues are
i ndi cated by the graduations on the nmasking control -
sound pressure | evels, hearing | evels or effective
masking levels. Wile nethods for determning the
proper | evels of nmaski ng have been worked out, they
cannot be expl ai ned unl ess the exam ner perforns consi -
derabl e experinentation with a given audi oneter to devel op
infornmation as to the effectiveness of various dial setting
i n masking tones in normal ears (Newby, 1964). Therefore,
bef ore exam ni ng persons with hearing | oss, the clinician
must know t he m ni nrum nmasking | evel for subjects with

normal hearing. He should, therefore, determne the
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maski ng factor for each frequency, as aninitial stepin
t he masking procedure. This raises the question - Wat
I's masking factor? Masking factor is the difference

bet ween the noise |evel and the tone |evel (Wasanurthy,
1972). For exanple, a 40 dBSPL noi se may not be sufficient
to mask a 40 dBHL tone, when tone and noi se are presented
to the sanme ear. The noise |evel would perhaps, have to
be increased to 20 dB, to just mask the tone. Here, the
masking factor is then 20 dB. It is also known as the
effective masking level. This is a property of the
maski ng noi se and varies with the frequency and the type
of noise used (Staab, 1975).

Maski ng Factor is one of the nost inportant variables
in clinical masking. |If the masking noise used in nasking
the test tone is not effective, whatever care is takento
cal culate the opti mummasking | evel (to rule out the partici-
pation of the non-test ear) would be futile. Thus, it is
essential that the audiologist is sure of the masking
factor of the masking noise used in obtaining the nasked
t hreshol ds, and shoul d take the val ues of masking factor
into consideration, while determning the m ni mum and

maxi mum maski ng | evel s.

The intensity calibration of masking noises in terns
of effective masking possesses certain serious limtations.
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The anmount of maski ng noi se indicated on the noise gain
control dial assunes that the noise is applied to a
normal ear. The dial reading therefore is incorrect when
noise is appliedto a "better ear" with a significant

hearing inpairnment (dorig, 1965).

The present study attenpts to find whether the
maski ng factor obtained using nornal subjects could be

used i n the nmasking procedures for pathol ogic ears.

The followi ng null hypot heses were put forth.

l. There is no significant difference in the masking
factor obtained at different | evels (0dBSL, 10 dBSL,
20 dBSL, 30 dBSL and 40 dBSL) i n nornal ears.

1. There is no significant difference in the Masking
Factor obtained at different [evels (0dBSL, | 0 dBSL,
20dBSL, 30 dBSL, and 40dBSL) in ears w th conductive
pat hol ogy.

I11. There is no significant difference in the Masking
Factor obtained at different |evels (QdBSL, | QdBSL
20dBSL, 30dBSL and 40dBSL) in ears with sensori neural
pat hol ogy.

V. There is no significant in the Masking Factor
across various frequencies (350 Hz, 500 Hz, 1000 Hz,

2000 Hz and 4000 Hz) in nornal ears.
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V. There is no significant difference in the Masking
Fact or across various frequencies (250 Hz, 500 Hz,
1000 Hz, 2000 Hz and 4000 Hz) in ears wth conductive
pat hol ogy.

VI. There is no significant difference in the Masking
Fact or across various frequencies (250 Hz, 500 Hz,
1000 Hz, 2000 Hz and 4000 Hz) in ears with sensori

neur al pat hol ogy.

VI1. There is no significant difference in the Masking
Fact or between nornal ears and ears with conducti ve

pat hol ogy.

VIT1I. There is no significant difference in the Masking
Fact or between normal ears and ears with sensori neura

pat hol ogy.

| X. There is no significant difference in the Masking
Factor between ears wi th conductive pathol ogy and ears

wi th sensori neural pathol ogy.



GHAPTER 2

REVI EW CF LI TERATURE

"A great deal has been witten about clinical masking.
Most of it is confusing, much of it is inconplete, and a
| arge portion of it is inaccurate and m sl eadi ng"
(St udebaker, 1964).

Over the past 40 or nmore years masking generally has
been operational |y defined, often as follows: "Masking
is the elevation in the threshold for one signal (the
test tone) by the presence of a second signal (the nasking
noi se)" (Sanders, 1978). Not everyone has beenwlling to

accept this definition.

Meyer (1959), for exanple, insisted that the defini-
tion should be expanded to include the reduction in
| oudness in a stinulus that occurs under certain circuns-
tances upon the introduction of other signals. Scarf
(1964) used the term"partial masking” to refer to this

| oudness reducti on phenonenon.

Masking refers to the limts placed on the recogni -
tion of a sound by the presence of another sound, when the
tine and frequency characteristics of both are known to

t he observer, and when he is oriented to perci eve them



2.2

The definition includes intra aural distortion products
as one of the consequences of both stimuli". (Carter
and Kryter, 1962).

Deat herage and Evans (1969) stated that masking is
"the process by which the detectability of one sound, the
signal, is inpaired by the presence of another sound, the
masker". The definition was devised to be consistent wth
signal detection theory concepts in that it does not
I nclude the word 'threshold'. However, in other regards,

It is fundanmental | y unchanged fromthe earlier definitions.

For clinical purposes masking is best described pro-
cedurally as follows: the threshold of a signal is first
found in quiet and then in the presence of a second
stimulus. The difference in dB between the two threshol ds
of the first stimulus neasured under the two different
conditions is a neasure of the masking produced by the
second (Licklider, 1951). The description inplies that
the test stimulus and the nmasking stinulus are presented
to the same ear. The nunber of decibels of threshold
shift inthe first stimulus by the second stinulus at a
given intensity designates the effective [evel of the
second stimulus. The snaller the intensity required to
produce a given threshold shift, the greater the efficiency

of the particul ar masking stinmulus (2w slocki, 1951).
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The rel ative effectiveness of a nmasking noise on a
pure tone is determned by several variables including the
spectrum of noi se, howthe masking level dial is cali-
brated (i.e. its dBreference and the linearity of the
dial) and the kind of earphone used to deliver the noise
to the nasked ear. Wien these variabl es are understood
and controll ed, the task of naski ng becomes consi derably

easier (Martin, 1975).

There are several different kinds of masking noises
avai l abl e on commerci al pure tone audioneters. They may

be cl assified as:

Pure tones

War bl e tones
Conpressed air
Noi se

Bw N o

(a) Conpl ex noi se
(i) Square wave noi se
(i1) Sawtooth noise
(b) Broad Band Noi se
(c) Narrow Band Noi se.
(d) Speech Noi se
(e) Pink Noi se.
Each noi se has a characteristic spectrum and therefore

provides a different degree of masking efficiency at
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different frequencies. Martin (1975). It is generally
agreed (Denes and Naunton, 1952; Rood, 1960; Liden, NI sson
and Anderson, 1959; Sanders and R ntel mann, 1964; Studebaker
1962, 1964; Zw sl ocki, 1951) that narrow band noi ses whi ch
centre at the test signal frequency are the nost efficient
maskers of pure tones, i.e. they produce a given effective
|l evel with the least intensity and therefore, the |east

| oudness (Table 2.1).

Since it has been proved that nmasking of atone is
nost efficiently acconplished by frequencies imediately
surroundi ng that tone (Fl etcher, 1940; Fletcher and
Munson, 1937), the additional frequencies used in the
broad band noi se are redundant. (Fig. 2.1, Fig. 2.2).

They supply additional sound pressure and |oudness to the
patient with no increase in masking efficiency. Fig. 23
shows the elevation in threshold of a pure tone of 1,000
cycles in the presence of white noise. The noise intensity
I's expressed in dB above nornmal threshold and it wll be
seen that belowthe 20 dB level it produces negligible
nmaski ng of the pure tone. Above this level, there is an

i ncrenental equival ence in dB of masking and of masking
noise intensity. At any nmasking | evel, therefore, the

| oudness of the white noise, will be nuch in excess of the

pure tone, since its intensity will at all times be sone



2.5

20 dB higher. 1In contrast to the masking effect of white
noi se, there is 100%naski ng efficiency with narrow band
noi se. The curve begins at zero and there is exact one
to one rel ationship between noise | evel and nasked t hresh-

old (Hood, 1960).

Surroundi ng every pure tone there is a critical band
of frequencies that provides nmaxi mrum nmasking w th m ni num
sound pressure. (Fletcher, 1940; H etcher and Miunson,
1937). MNarrowing the band to | ess than the critical band
width requires greater intensity for masking a given
| evel of tone, and conversely, adding frequencies outside
the critical band increases intensity w thout increasing

maski ng (Fl etcher, 1940).

Narrow band noi se, therefore has the greatest,
masking efficiency if the inportant factor in terns

of intensity is the level per cycle inthe critical band

rather than the overall intensity.
Level per cycle - overall intensity mnus 10 tinmes
the logorithmof the band width, i.e. LPC = QA SPL - 10

Log BW The LPC for narrow band noi se woul d be greater,
than for white noise. |n other words the threshold

shift is greater (Sanders, 1978).
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Table 2.1: Show ng dBSPL of noise necessary to mask
0odB HTL tones (These values are based on.
unpubl i shed data collected at the Florida
State Univ. as well as published by Liden
(1954) and Sanders and Rintel man (1964)).

Frequency in Hertz

Noi se Type 250 500 1000 2000 4000 8000
56

Saw Toot h 49 44 45 61 85

Wi t e 48 33 28 30 22 22

Nar r ow Band 32 17 14 18 14 26
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FIG 2. 3:

2.8

| NTENSI TY ABOVE THRESHOLD (dB)

Showi ng the elevation in threshold of a pure tone
of 1000 cycles in the presence of white noise.
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The use of narrow band noi se offers the further
conveni ence that each band can be calibrated in effective
| evel independently. Thus the nunerical nasking dia
reading equals the test signal intensity that will be
just nmasked at all test tone frequenci es(Studebaker,
1967) .

Most nodern audi oneters have a provision for narrow
band noi se presentation. Even with "broad spectrunt
noi ses there are differences as great as 30 to 40 dB
bet ween the threshold shift that the noise at a given
| evel produces for sonme frequencies as conpared to ot hers.
This is to be expected because the sensitivity of the
normal ear is not the same for various frequencies, and
the relatively greater intensity of a tone near the
frequency limts of hunman hearing needed for audibility
requires correspondingly higher intensity noi se to nmask
it (Menzel, 1968).

It follows that whatever nunbers appear on the
masking | evel control of the audi oneter nust be regarded
as neani ngl ess unl ess the instrunment has been separately
calibrated for masking effectiveness at each test
frequency and appropriate correction tables used
(Menzel , 1972). Sone clinical audi oneters producing

white noi se as a nasker provide a set of nunbers on the
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dial labelled "Effective Masking". The nunbers may
be approximately correct for one or two frequencies,
probably in the area of 1000 Hz but cannot be applied
to all test frequencies (Sanders, 1978).

Ef f ective nmaski ng has been defined as the noise |eve
needed to mask a threshold tone or produce a threshold
shift (Staab, 1975). It is also called Masking factor
and is defined as the noise | evel mnus the tone |evel
(Wasanurthy, 1972). Rose (1978) calls it as m ni num
masking | evel and defines it as the anount of noise

needed to nask a0 dBH TL t one.

At high intensity |l evels (above 20 dB), a given dB
increase in the level of masking results in approxinately
equal increases in the amount of nmasking or threshold
shift of the test tone, thus producing a linear rel a-

tionship, as showninthe table 222 (dorig, 1966).

Thus if the effective level is determned according
to the nornal ear and expressed in dB on the hearing
threshold I evel scale, it can be interpreted as the
hearing threshold | evel to which an ear will be shifted
by a given anount of noise. |If these effective |evels
are related to the nunbers on the audi oneter masking dia
for each frequency, the nasked threshold that will be
produced by each setting of the dial can be predicted.

(Sanders, 1978).
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Maski ng factor in a 2 channel audioneter is
calculated using a group of 6 to 10 nornal hearing
subj ects or subjects with known sensori neural hearing
| oss. The threshold for the tone is found in the
presence of varying anount of noise (Fig. 2.4), tone
and noi se bei ng presented through the same ear phone
(Fig. 2.5 (Studebaker, 1964).

Wi | e Studebaker's nethodol ogy is workable, it
I nvol ves a nunber of steps which may be unnecessary and are
atl east cunbersone (Martin, 1967). Martin (1967) recom
mended finding the noise required to mask a 30 dBHL tone
inreliable normal hearing subjects. However, no signi-
cant difference was observed for the masking factor

val ues using the two nmet hods (Joan D Mello, 1981).

Masking factor is determned by cal cul ating the
noi se required to produce a shift in threshold of the

patient's own non test ear (Veniar, 1935).

Wth audioneters that donot permt m xing of tone
and noi se through the sane earphone, nasking factor is
calcul ated using a group of listeners with severe or
total unilateral sensori neural hearing inpairnent. The
| evel of cross over is determned and then increased by

30 dBinthe inpaired ear with nmasking noi se introduced



Table 2.2: Showing the linear relationship between

maski ng noi se and t one,

at high inten-

2.12

sities (Aorig, 1966)
To Mask Noi se Level Required
0 dB tone 20 dB
20 dBt one 20 + 20 = 40 dB
30 dB tone 30 + 20 = 50 dB
40 dB tone 40 20 = 60 dB
50 dB tone 50 + 20 = 70 dB
60 dB tone 60 + 20 = 80 dB
70 dB t one 70 + 20 = 90 dB




FIG 2.4: Show ng the relationship between nmasker |evel
and test signal threshold when the test signal
frequency is within the noise band. M ninum
masking is 15 dB in this exanple.

(St udebaker, 1964).
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FIG 2.5: A conbing network to deliver both noise and the
tone to the sanme ear as suggested by
St udebaker (1967).
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to the normal ear. The |evel of noise required to nmask
the tone in the nornal ear is determned (Studebaker,
1964) .

Maski ng factor may be cal cul ated nmathematical |y using
the critical band concepts of Fletcher, 1940. "when the
pure tone is just audible in the presence of noise the
acoustic energy in the restricted band of frequencies
I's equal to the acoustic energy of the test tone"

(Fl etcher, 1940; Fl etcher and Munson, 1937). Therefore,
an estimate of the acoustic energy in the critical band,
can predict the masking effect. At a given frequency,

the effective level Z = Level per cycle + 10 log Oitica

Band Wdth - threshold in quiet (db SPL).

The establishment of m ni num naski ng | evel norns
for each masker - an increasingly common clinica
practise - is criticised by Veniar (1965). She points
out that individual subjects deviate considerably from nor-
mati ve standards. Moreover, noise constituting effective
masking in a nornmal ear cannot be extrapolated to a ear
withlosses (Veniar, 1965; dorig, 1965). The very
pattern of |oss changes the quality and effectiveness of
whi te noi se (Denes and Naunton, 1952; 2Zw slocki, 1951).
She therefore suggest that a nore valid procedure is to
establ i sh mni numnaski ng | evel s for each subject, at

each frequency.
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It is advisable to add approxi mately 10 dB of noi se
after calibration to account for the inter subject
variability with respect to the "effectiveness" of

effective masking |l evels. (Martin, 1974).

The indicated anmount of effective masking is ms-
| eadi ng whi | e maki ng bone conducti on neasurenents.
This is due to the fact that the effective nmasking
concept conpensates for the air conduction shadow curve
(50 dB approx.), whereas the bone conduction shadow
curve is so small it is insignificant. Al so placenent
of a maski ng noi se earphone over a normal m ddl e ear
I ncreases the bone conduction sensitivity in such a ear
by several dB, especially at frequency |evels bel ow
2000 c/s. Unfortunately the effective nmasking | evel
I ndi cated on the dial can be relied on only whil e maki ng
air conduction nmeasurenents on unilateral inpairnents

(Qorig, 1965).

Langenbeck (1953) reported that in cases with con-
ductive deafness, the nonaural nasked threshold was
simlar to that of the masking |evel of the noise. In
the instance of sensori-neural hearing | osses of nore
than 40 dB, the tone being nasked had to be nore intense
t han t he nmaski ng noi se before it could be detected. He
therefore, used this inthe differential diagnosis of

hearing i npairnent.
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Pal va, Goodman and H rsh put Langenbeck's findi ngs
to test and found that the threshold did not produce the same
results that he had indicated. Wth a noise | evel of 100 dB
they found that thresholds for all of the frequencies tested
were nearly the sane for all types of hearing | osses, and
concluded that it is not a useful indicator for differential

di agnosi s of hearing i npairnent.

St udebaker (1964) and Martin (1967) include the
addition of the mninumnasking |evels for nornals
(Masking Factor) inthe formula for the mni num and naxi -
mum | evel of nasking noise required to rule out the parti-
cipation of the nontest ear, in both air conduction and

bone conduction testing procedures.

As the masking factor is being used in the clinica
maski ng procedure during routine testing, and due to the
di fference of opinion existing, as can be seen in the
literature, nmuch investigation is required for a better
understandi ng and evaluation. The available literature
doesnot report of any study of masking factor conducted
on a clinical population. The present study was under-
taken to investigate the masking factor in pathologic

ears as conpared to nornal ears.



CHAPTER 5

VETHODOLOGY

The study was ained at investigating the nmasking
factor in normal and pathol ogic ears, across different
frequencies and hearing | evels. The study consisted of

the foll ow ng steps:

1. Sel ecti onof subjects

2. Finding out the pul sed pure tone threshol ds of
frequencies 250 Hz to 4000 Hz in normal hearing
subj ect s.

3. Finding out the I evel of narrow band noi se j ust
sufficient to nask the pul sed pure tones presented
at threshold | evel, 10 dBSL, 20 RBSL, 30 dBSL, and
40 dBSL, at each of the above frequencies, in
normal hearing subjects (ipsilateral masking).

4. obtaining simlar data in subjects with mld or
noder at e conductive and sensori neural hearing

| oss.

Subj ect s:

Twenty ears with normal hearing (according to
Goodnan' s (1965) classification of hearing inpairnent;
ref: ANSI, 1969) were chosen for the study. Al these
subjects were adults and were free fromany otol ogic

conplaint, prior to and at the tinme of testing.
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The clinical population conprised of two groups of
adult subjects. The first group included fourteen ears
with mld or noderate sensori neural hearing | oss, while
the second group conprised of eighteen ears of mld or

noder ate conductive hearing | oss.

| nstrunent ati on:

A dual channel clinical audioneter, Beltone 200 C
W t h TDH 49 ear phones, enclosed in M41l/ AR ear cushions
was used for testing.

Fig. 3.1 best illustrates the operational avail a-
bilities in Beltone 200 C

Thi s audi oneter provides for testing frequencies
from125 Hz to 8000 Hz. The hearing | evel ranges from
O dBto 110 dB. Pulsed pure tones may be presented by
selecting the autonatic position. The tone is presented

at the rate of 0.3 sec "on" and 0.3 sec "off".

Narrow band noise is available in channel two of
the audioneter, with a HL range from-10 dB H. to 100 dB
HL. The relationship between the hearing |evel dial
reading and the SPL output is presented in Table 3.1.

S mul taneous presentation of noise with pul sed pure

tones, through the sane earphone is possible, by setting
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Front Panel |ndicators - Control Knobs of Beltone 200 C

(M .. Qutput (Hearing Level Control)
(BB .. Tone Interruptor
(CC) .. Tone 'on' |anp.
(BE) .. Automatic/Manual Switch
(EB) .. Tone Reversing Switch
(FF) .. «utput Selector
(@ .. Mnitor Control
Fr equency

. Patient Signal Lanp

. Tal k Back Gain

. Tal k Over Switch

. Tal k OQver Gain

. Tone Bar Lock

. VU Meter Selector Switch

. Frequency | nput

. Monitor ear phone

. Power

. Speech Wnhit

. SIS

. VU Met er

. Channel one WU Meter Gain Control
. Channel Two VU Meter Gain Control

§><C—|U);U.-O'UOZ§|_XL'IOTIITIUOW>
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Table 3.1. Showi ng the rel ationshi p between the hearing

| evel dial reading and the SPL out put.

Centre Frequency D al Reading  Qutput

inHertz in dBH indespL D fference
250 80 100 20
500 80 88 8
1000 80 85 5
2000 80 - A1 A%e 86 6

4000 80 87 7
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the output selector of both the channels to the sane
ear. Noise may be presented continuously by mani pu-

| ating the tone reversing swtch of channel two.

Cal i brati on Procedure Used:

The dual channel clinical audioneter (Beltone 200 O
was clained, by the manufacturer, to be calibrated to the
ANSI (1969) standards. However, to ensure accuracy in
calibration, the audionmeter was calibrated periodically
during the study according to the guidelines given by
W1 ber (1978).

Fig. 32 illustrates the set up for calibration.

The audi oneter Beltone 200 C was turned 'on' and
was allowed to warmup. The sound Level Meter (B and K
2203) was set as follows. The neter swtch was turned
to 'external filter' andto 'slow. The weighting
switch was inthe 'off' position. The signal ear phone
(TDH 49 with Mx 41/ AR ear cushions) of the audi oneter
was renoved fromthe head band and was pl aced over the
coupler of the artificial ear (B and K 4152). The ear
phone was held in place by neans of a tension of the
artificial ear and was adjusted to 0.5 kg of pressure.
After initial placenent of the earphone on the coupler,

a low frequency tone (250 Hz) was introduced and the
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EARFPHOKE

[ I
sy =S
_ ] e SOUND LEVEL LEii:
AUDIOMETER ' ARTIFICIAL EAR B &K 2203
BELTONE 2006 B & K 4152 WITH
OCTAVE FILTER SIT
B & K 1613.

FIG. 3.2: Block Diagram of Pure Tone and Narrow Band Noise
calibration.
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ear phone was readjusted until the sound | evel neter

needl e read the highest intensity. This is said to ensure
best placenent according to Wlber (1978). The frequency
sel ector of the audionmeter was set to 1000 Hz. The Cctave
Filter (B and K 1630) of the sound | evel neter was set to
1000 Hz. The audi oneter was set to right ear phone (selec-
tor switch) and the tone was continuously 'on'. The hearing
|l oss dial was set to 60 dB for the frequency chosen. The
reading on the sound | evel neter was noted. Smlarly

ot her frequencies (250 Hz, 500 Hz, 2000 Hz and 4000 Hz)
were checked. The audioneter output intensity was wthin

perm ssi bl e limts.

To check the linearity of the attenuator of the audio-
neter, a simlar set up was used. The range finder was
set to 120 dB. The hearing | oss dial was set at maxi num
and out put of the sound | evel neter was noted. The
hearing level dial was dropped in 5 dB steps and the readi ng
on the sound | evel neter was noted for each 5 dB drop. The
readi ng on the Sound Level Meter showed that the audi oneter

linearity was satisfactory.

The earphone output |evel for narrow band noi se was
checked in the sane way as for pure tones, the only
di fference being, instead of pure tones, narrow band noi se

was introduced. The hearing |l evel dial was adjusted to
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80 dBHL to avoid interference with extraneous noi se.
The sound | evel nmeter was set to 'Linear' setting.
The readings on the sound | evel nmeter were within

expected | evel s.

Envi ronnent ;

The audionetric tests were perforned in a sound
treated roomat the Institute of Speech and Heari ng,
Bangal ore. A sound treated two-room situation was used,
so that the control panel of the audiometer was not
visible to the subject. The anbient noise levels in
these rooms were wi thin the maxi mum perm ssi bl e noi se

| evel s.

Pr ocedur e:

The study was conducted in two phases.

In the first phase of the study the pul sed pure tone
t hreshol ds were established for frequencies 250 Hz,
500 Hz, 1000 Hz, 2000 Hz and 4000 Hz. The 'U 5 Down 10
met hod with principles of the Hughson-Mast| ake
Ascendi ng Technique (G een, 1978) was used. The controls

on the audioneter were set as foll ows:



3.10

Channel One

Cont r ol Position
Frequency Desi red frequency
Qut put  Sel ect or Desired ear

Tone Reversing Switch
Aut omat i ¢/ Manual Switch

| nterrupter

Channel Two
Idfl

In the second phase of the study,

1 O,]I
1 O,.'I
Rel eased (when depressed

tone is interrupted)

pul sed pure tones

were presented continuously at five different |evels at

(Threshol d | evel ,

10 dBSL, 20 dBSL, 30 dBSL, 40 dBSL) at
each of the frequencies from250 Hz to 4000 Hz.

Simul t a-

neously narrow band noi se with the correspondi ng centre

frequency was presented through the same earphone and t he

| evel

t ones est abl i shed.

set to the follow ng positions.

of noise just sufficient to mask the pul sed pure

One
Contro

Channel

Fr equency

Qut put (Hearing Level
Control)
Qut put Sel ect or

The controls on the audi oneter were

Posi ti on

Desired frequency

Desired Level
Desired ear.
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Tone Reversing Switch '
Aut omat i c/ Manual Switch 'O’
| nterrupter Rel eased.

Channel Two

Cont r ol Posi tion
Frequency Nar r ow Band noi se
Qut put sel ector Sanme as Chan. One.
Aut omat i ¢/ Manual Swi tch "Of
Tone Reversing Switch On'
| nt errupter Rel eased.

Instructions to the subjects:

Prior to testing, the subjects were instructed as

foll ows:

"Youx are going to hear a series of 'beeping
sounds, through this tel ephone-like instrunent (ear-
phones of the audi oneter were shown to the subject).
Wienever you hear the sound, whether soft or | oud,
rai se your finger. Keep your finger raised as long as
you hear the sound and put it down when you stop hearing.
Renenber to raise your finger every tine you hear the
sound. You may hear a buzzing sound sonetines, simlar
to the wnd blowing. Ilgnore it and raise your finger

only to the 'beeping' sound".
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Provided with these instructions, the subjects
were tested and with the responses thus obtai ned, the

Maski ng Factor was cal cul ated using the formul a:

Maski ng Factor = Noise Level in dBHL - Tone Level
i n dBHL.

The data thus obtained were subjected to statistica

analysis to verify the null hypotheses as reported in

t he I ntroduction.



CHAPTER 4

RESULTS AND DI SCUSS| ON

The present study was undertaken to find the
difference, if any, inthe masking factor between nornal
and pathologic ears. The difference in masking factor
between different intensity | evels and frequencies was
al so studied. The frequencies considered were 250 Hz,
500 Hz, 1000 Hz, 2000 Hz and 4000 Hz, at five intensity
| evel s (0 dBSL, 10 dBSL, 20 dBSL, 30 dBSL and 40 dBSL).
Nar row band noi se with the corresponding centre fre-
guency, was used for ipsilateral nasking of the pul sed

pure t ones.

The nean and standard deviati on of the nasking
factor at the five intensity |levels studied (0 dBSL,
10 dBSL, 20 dBSL, 30 dBSL and 40 dBSL), at each of the
frequenci es, 250 Hz, 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz
are presented in Table 4.1 for normal ears, Table 4.2 for
ears with conductive pathology and Table 4.3 for ears with
sensori neural pathology. To check for the significance
of difference between the nmean nasking factor val ues at
different levels, the t-test of significance was appli ed.
The results are shown in Table 4.4, 4.5 and 4.6. The
maski ng factor values were not significantly different

inthe normal ears at all the five intensity | evels tested.
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The simlarity is also evident in the graphs 4.1 (a-e).
Hence the null hypothesis |, stating that there is no
significant difference in the masking factor obtained
at different levels (0 dBSL, 10 dBSL, 20 dBSL, 30 dBSL

and 40 dBSL) in nornmal ears was accept ed.

In the pathol ogic ears, the results were simlar,
with a slight variation at 2000 Hz and 4000 Hz. Inthe
ears with conductive | oss, a significant difference
(significant at 0.05 |l evel) in masking factor was obtai ned
between 10 dBSL and 40 dBSL and sinmlarly betwen 20 dBSL
and 40 dBSL and 2000 Hz. At all other levels for al
frequencies, no significant difference in the nmean val ues

of masking factor was obt ai ned.

Inthe ears with sensori neural pathol ogy, a
significant difference in the nmean val ues were observed
between 0 dBSL and 40 dBSL and between 10 dBSL and 40 dBSL
at 2000 Hz, and simlarly between O dBSL and 40 dBSL at
4000 Hz. These differences are obvious inthe Gaphs 4.1
(a-e). These results indicate that possibly, at high
frequencies, a difference does exist inthe masking
factor, between low and high intensity levels, in
pat hol ogi c ears. Hence, hypothesis Il and Il were

partly accepted.
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Table 4.1: Mean and standard devi ation of the Masking

Factor at various intensities in Nornal

ears.
_ No. of Ears Frequency in Hertz
Intensity Mean
S.D 250 500 1000 2000 4000
N 20 20 20 20 20
0 dBSL X 15.000 10.250 7.250 9.250 11.750
o 5.620 3.432 3.024 2.447 6. 340
N 20 20 20 20 20
10 dBSL % - 16.000 11.000 7.500 9.250 13.750
o 5.026 3.839 3.035 2.447 6. 043
N 20 20 20 20 20
20 dBSL X 16,000 11.000 7.500 9.500 13.000
o 5.282 4.168 3.804 3. 591 6. 156
N 20 20 20 20 20
30 dBSL X 15.250 11.500 7.750 9.750 12.250
o 6.172 4.894 3.432 3.796 6. 973
N 14 20 20 20 20

14.643 11.750 7.500 8.500 10.750
o= 10.463 5.911 3.035 4.617 7.304

bl |

40 dBSL
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Tabl e 4.2: Mean and standard devi ation of the Maski ng
Factor at various intensities in ears with

conductive hearing | oss.

_ No. of Ears Frequency in Hertz
Intensity Mean
S. D 250 500 1000 2000 4000
N 18 18 18 18
0 dBSL X 13.333 3.078 4.722 5.278 10.278
o 3.086 7.778 3.196 2.081 5. 809
N 16 18 18 17
10 dBSL X 17,143 8.750 6.389 7.222 11.471
o~ 9.512 4.655 4.132 3.524 5. 800
N 5 12 16 17 17
20 dBSL X 12.000 7.083 4.688 7.353 9.118
o~ 4.472 3.343 3.400 3.999 6.900
N 3 9 10 15 14
30 dBSL X 13.333 7.222 4.500 7.000 9.643
o 2.887 3.632 3.689 4.551 6. 924
N ONE 6 9 9 8
40 dBSL X ONE 7.500 5.556 3.889 8.125
o CNE 2.739 5.270 3.333 8.839

ONE = could not be established.



J
1
w3
1
"
REe N
FtH ]
phg bty {1
® we. mww EEEEEEEaE EEEEsEREn
U gy u v o SRR L
L e
- b4 by 9 -+ 4 " 11313 Bt ]
1 . L s SRR
= ] - 414444
HE HHHH : :
3 X
i 1
ana aams B 1
g iun Ranzaasgasnani "
r ; Fpun sgysengnsnes T
o 4 au s o aEAREREE 6 Basa
I A RARRE R
1] Y : aaaeEd H
% . = FEEH ] u=
Hi 3t L nauun : i
E " 3 - . E us . 4
4 NESEN .
o L e HEa S :
1! i % HHHAT R ]
» H e M H ns
1 H § " T i
s HHH i BEN ARemaaERimn ]
i T niuns »
& tH awnE e
reamas summmny 7 T
: i FHEHHE M ARRREaTE I
. m T
: T I
1 }
s Enng aei Bak e
HA wEn

S 1 L T
e o H
. - o ¥ au
RN " - bt SREEE P oo
444 5t & . g .
5 1 3
¢ | -
- u +
! |  + o o 3
a #
gun= ys [T ™
D - |
i A A 1 - nnw
- mwaa
i H 81 -+
[eepas -
s 238 188 s M e b unmnpuaas HEH
£ e = B i
It 1
b et + |

1T




4.7

Table 4.3: Mean and Standard Deviation of the Masking
Factor at various intensities inears with

sensori neural hearing | oss.

_ No. of Ears Frequency in Hertz
Intensity Mean
S. D 250 500 1000 2000 4000
N 14 14 14 14
0 dBSL X 10. 357 6.429 4.286 4.643 7.857
o 4,584 2.344 3.315 3.079 4.258
N 13 14 14 14
10 dBSL X 13.077 7.500 3.929 4.286 6.429
o 4.804 3.798 3.496 3.315 5.345
N 9 13 13 14 12
20 dBSL X 13.889 8.077 3.462 3.214 5.000
.- 5.465 5.220 4.274 3.725 4.264
N 3 12 13 11 9
30 dBSL X 8.333 7.917 2.308 1.818 4.444
- 2.887 5.823 5.250 5.135 5.270
N 3 8 8 9 )
40 dBSL X 8.333 7.500 1.190 0 2. 000

o 2.887 5.345 6.875 5.000 5.701
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Tabl e 4. 4. Showi ng the significance of difference between
mean val ues of Masking Factor across various
intensities in ears with sensori neural hearing
| oss at 2000 Hz.

Intensity 0 dBSL 10 dBSL 20 dBSL 30 dBSL 40 dBSL

0 dBSL -

10 dBSL 0

20 dBSL

30 dBSL -

40 dBSL
0 Significant at 0.05 |evel.

+ Significant at 0.01 |evel.
- Not significant.

Table 4.5: Showing the significance of difference between
mean val ues of Masking Factor across various
intensities in ears with sensori neural hearing
| oss at 4000 Hz.

Intensity 0 dBSL 10 dBSL 20 dBSL 30 dBSL 40 dBSL

0 dBSL 0

10 dBSL - - -

20 dBSL - -

30 dBSL -

40 dBSL

0O Significant at 0.05 |evel.

+ Significant at 0.01 |evel.
- Not significant.
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Tabl e 4.6: Show ng the signficance of difference between
mean val ues of Maski ng Factor across various
intensities in ears with conductive hearing
| oss at 2000 Hz.

Intensity 0 dBSL 10 dBSL 20 dBSL 30 dBSL 40 dBSL

0 dBSL

10 dBSL -0

20 dBSL . -0

30 dBSL ;
40 dBSL

O Significant at 0.05 |evel.

+ Significant at 0.01 |evel.
- Not significant.

NOTE: The tabl es show ng the significance of difference
bet ween nmean val ues of Maski ng Factor across vari ous
intensities in nornal ears and ears with conductive
and sensori neural hearing |oss at frequencies other
t han 2000 Hz and 4000 Hz, have not been presented

here, as no significant difference was obt ai ned.
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To study the variation in masking factor across
frequenci es, the nmean and standard devi ati on were conputed
for all the frequencies at each intensity level. Table 4.7
provi des the values in ears with normal hearing. Smlar
data are provided in Table 4.8 and Table 4.9 for ears with
conduct i ve pathol ogy and ears with sensori neural pathol ogy
respectively. For an understanding of the difference in
t he masking factor across frequencies, the significance of
nmean difference test was applied between the neans of
the frequencies at each intensity level. The results are
indicated in Table 4.10 (a-e) for normal ears, Table 4.11
(a-e) for ears with conductive hearing | oss and Table 4.12

(a-e) for ears with sensori neural hearing | oss.

In nornal ears a significant difference (significant
at 0.01 level) was found between 250 Hz and 1000 Hz and
al so between 250 Hz and 2000 Hz at all the five intensity
| evel s. Between 250 Hz and 500 Hz t he difference in nean
val ues was significant at all |evels except 40 dBSL.
However, between 250 Hz and 4000 Hz, there was no signifi-
cant difference in the nmean values at all the frequencies
studied. The nean values of 500 Hz differed significantly
fromthose of 1000 Hz at all the five | evels. However,
there was no significant difference in the nean val ues of
500 Hz with 2000 Hz or 4000 Hz. A significant difference
bet ween 1000 Hz and 2000 Hz was observed at threshold
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Table 4.7: Mean and Standard Deviation of the Masking
Factor at various frequencies in normal
hearing ears.

No. of Ears Intensity in dBSL
Fr equency Mean
S. D. 0 10 20 30 40
N 20 20 20 20 14
250 Hz X 15.000 16.000 16.000 15.250 14.643
o~ 5,620 5.026 5.282 6.172 10.463
N 20 20 20 20 20
500 Hz X 10.250 11.000 11.000 11.500 11.750
o 3.432 3.839 4.168 4.894 5.911
N 20 20 20 20 20
1000 Hz x 7.250 7.500 7.500 7.750 7. 500
o 3.024 3.035 3.804 3.432 3.035
N 20 20 20 20 20
2000 Hz X 9.250 9.250 9.500 9.750 8. 500
o~ 2.447 2.447 3.591 3.796 4.617
N 20 20 20 20 20
4000 Hz X 11.750 13.750 13.000 12.250 10.750

o 6.340 6.043 6.156 6.973 7.304
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Tabl e 4.8: Mean and Standard Devi ati on of the Masking
Factor at various frequencies in ears with

conduct i ve pat hol ogy.

Fr equency hb.ﬁéaﬁars Intensity in dBSL

S.D 0 10 20 30 40

15 7 5 13 ONE

250Hz X 13.333 17.143 12.000 13.333 ONE
o 3.086 9.512 4.472 2.887 O\

N 18 16 12 9 6
500 Hz X 7.778 8.750 7.083 7.222 7.5QC
- 3.078 4,655 3.343 3.632 2.739

N 18 18 16 10 9
1000 Hz X 4.722 6.389 4.688 4.500 5.556
o 3.196 4.132 3.400 3.689 5.27C

18 18 17 15 9
2000 Hz X 5.278 7.222 7.353 7.000 3.889
" 2.081 3.524 3.999 4.551  3.333

18 17 17 14 8

4000 Hz X 10.278 11.471 9.118 9.642 8.125
&= 5.809 5.800 6.900 6.924 g 839

CNE = coul d not be established.
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Tabl e 4.9: Mean and Standard Devi ation of the Maski ng
Factor at various frequencies in ears with

sensori neural pathol ogy.

No. of Ears Intensity in dBSL
Frequency Mean
S.D 0 10 20 30 40
N 14 13 9 3 3
250 Hz X 11.071 13.077 13.889 8.333 8.333
o 4.463 4.804 5 465 2.887 2.887
N 14 14 13 12 8
500 Hz X 6.429 7.500 8.077 7.917 7.500
- 2.344 3.798 5.220 5.823 5.345
N 14 14 13 13 8
1000 Hz X 4.286 3.929 3.462 2.308 -0.625
o 3.315 3.496 4.274 5.250 9.039
14 14 14 11 9
2000 Hz X 4.643 4.286 3.214 1.818 0
o 3.079 3.315 3.725 5.135 5.000
N 14 14 12 9 5
4000 Hz X 7.857 6.429 5.000 4.444 2.000
= 4.258 5.345 4.264 5.270 5.701
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4. 20

Tabl e 4. 10(a): Showi ng the significance of difference
bet ween nean val ues of Maski ng Fact or

across various frequencies in nornmal ears

Frequency 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

250 Hz + + + -
500 Hz + - -
1000 Hz 0 +
2000 Hz —

4000 Hz

O Significant at 0.05 | eve
+ Significant at 0.01 |evel
- Not significant.

Tabl e 4.10(b): Showi ng the significance of difference
bet ween nean val ues of Maski ng factor
across various frequencies in nornal
ears at 10 dBSL.

Frequency 250 Hz 500Hz 1000 Hz 2000 Hz 4000 Hz

250 Hz + + + -
500 Hz '+ - -
1000 Hz
2000 Hz +
4000 Hz

O Significant at 0.05 | evel

+ Significant at 0.01 |evel.
- Not significant.
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Tabl e 4.10(c): Showi ng the significance of difference
I n the nmean val ues of Maski ng Fact or

across various frequencies in nornmnal

ears at 20 dBSL.

Fr equency 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

250 Hz + + + -
500 Hz +- -
1000 Hz
2000 Hz 0
4000 Hz

O Significant at 0.05 | evel.
+ Significant at 0.01 |evel.
- Not significant.

Tabl e 4.10(d): Showi ng the significance of difference
i n the nean val ues of Maski ng Fact or
across various frequencies in nroan

ears at 30 dBSL.

Fr equency 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz
250 Hz 0 + +
500 Hz + - -
1000 Hz - 0
2000 Hz
4000 Hz

O Significant at 0.05 |evel
+ Significant at 0.01 |evel.
- Not significant.
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Tabl e 4.10(e): Showi ng the significance of difference
I n the nean val ues of Maski ng Factor
across various frequencies in nornal
ears at 40 dBSL.

Frequency 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

250 Hz + 00
500 Hz + - -
1000 Hz - -
2000 Hz -
4000 Hz

O significant at 0.05 |evel
+ significant at 0.01 |evel.

- not significant

Tabl e 4.11(a): Showing the significance of difference in
t he mean val ues of Maski ng Factor across
various frequencies in ears w th conductive

hearing loss at 0 dBSL.

Frequency 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz
250 Hz + + + -

500 Hz =TT

1000 Hz -0

2000 Hz 0
4000 Hz

O significant at .05 | evel.
+ significant at .01 |evel.

- not significant



Tabl e 4. 11(b):
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Showi ng the significance of difference
bet ween nean val ues of Maski ng Fact or

across various frequencies in ears with

conductive hearing |loss at 10 dBSL.

Fr equency 250 Hz  500Hz 1000 Hz 2000 Hz  4000Hz
250 Hz + + + +
500 Hz 0 0O -

1000 Hz

2000 Hz

4000 Hz

Table 4.11(c):

O significant at 0.05 | evel

at 0.01 | evel.
signi fi cant

+ significant

- not

Showi ng the significance of difference
bet ween nean val ues of Maski ng Factor
across various frequencies in ears with

conductive hearing loss at 20 dBSL.

Fr equency 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz
250 Hz 0 + + +
500 Hz 0 + —
1000 Hz -
2000 Hz -
4000 Hz
significant at 0.05 | eve
significant at .01 | evel

not significant
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Tabl e 4.11(d): Showi ng the significance of difference
I n the nean val ues of Maski ng Fact or
across various frequencies in ears with

conductive hearing | oss at 30 dBSL.

Frequency 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

250 Hz — — — —
500 He 00 -
1000 Hz
2000 Hz
4000 Hz

O significant at 0.05 | evel

+ singificant at 0.01 |evel.

- not significant

Table 4.11(e): Showing the significance of difference
I n the nean val ues of Maski ng Factor
across various frequencies in ears with

conductive hearing | oss at 40 dBSL.

Frequency 250 Hz 500Hz 1000 Hz 2000 Hz 4000 Hz

250 Hz - - 0 -
500 Hz 0 + -
1000 Hz
2000 Hz
4000 Hz

O significant at 0.05 |evel
+ significant at 0.01 | evel.

- not significant
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| evel (0 dBSL) only. The nean val ues between 1000 Hz
and 4000 Hz differed significantly at 0 dBSL and

30 dBSL. Between 2000 Hz and 4000 Hz, a significant
difference in the masking factor was present at 10 dBSL
and 30 dBSL. Hence hypothesis I'V) was rejected, as is

evident fromthe discussion above.

In ears with a conductive conponent also, a
difference in the nmean Maski ng Factor val ues were
observed, across frequencies. A significant difference
was observed between 250 Hz and 500 Hz and bet ween
250 Hz and 2000 Hz at O dBSL, 10 dBSL and 20 dBSL as
indicated in Table 4.11 (a-e). However, between 250 Hz
and 2000 Hz, the values were significant at all |evels
except 30 dBSL, whereas between 250 Hz and 4000 Hz, it
was significant only at 10 dBSL and 20 dBSL. The nean
values at 500 Hz differ significantly fromthose at
1000 Hz and 2000 Hz at all the | evels, exclusive of
threshold | evel . However, the reverse was true with
the masking factor at 1000 Hz and 2000 Hz, wherein it
differed fromthat at 4000 Hz only at threshold | evel.
The Hypothesis V, stating that there is no significant
di fference between the masking factor values at different

frequenci es, was rejected.

An examnation of the Tables 4.i12(a-e) reveals the

significance of the difference in the nean val ues of the
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maski ng factor at different frequencies in the sensori
neural hearing | oss ears. There was a significant
difference in the nmean val ues between 250 Hz and all

ot her frequenci es except 4000 Hz, at all the | evels.

A significant difference between 500 Hz and 1000 Hz was
observed at 0 dBSL and between 500 Hz and 2000 Hz at

0 dBSL and 40 dBSL. The nean at 1000 Hz differed
significantly fromthe nean at 2000 Hz only at 20 dBSL,
but differed significnatly fromthe nean at 4000 Hz at
all levels except 40 dBSL. A significant difference

I n the nmean nmaski ng factor was obtained at 0 dBSL and
10 dBSL between 2000 Hz and 4000 Hz. These results

|l ead to the rejection of Hypothesis VI. The G aphs

4.2 (a-e) present a better picture of the difference in
t he nean nmasking factor val ues across frequencies. It
further provides a conparison of the val ues between

the three types of ears studied, nanely the ears with
nornmal hearing, conductive |oss and ears wth sensori

neural hearing | oss.

To test (1) hypothesis VII, which states that
there is no significant difference in the masking factor
bet ween the normal and conductive | oss ears (2) hypothesis
VIT1I, which states that there is no significant difference
I n the masking factor between normal and sensori neura

hearing | oss ears and (3) hypothesis | X, which states
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Tabl e 4. 12(a): Show ng the significance of difference
i n mean val ues of Maski ng Factor across
various frequencies in ears with sensori

neural hearing | oss at 0 dBSL.

Fr equency 250 Hz 500 Ha 1000 Hz 2000 Hz 4000 Hz

250 Hz + + +

500 Hz * + -
1000 Hz +

2000 Hz
4000 Hz +

O significant at 0.05 | evel.
+ significant at 0.01 |evel.

- not significant

Table 4. 12(b): Showing the significance of difference
I n mean val ues of Maski ng Factor across
various frequencies in ears with sensori

neural hearing loss at 10 dBSL.

Frequency 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

250 Hz + + +

500 Hz -- -
1000 Hz - +
2000 Hz 0
4000 Hz

O significant at 0.05 | evel
+ singificant at 0.01 |evel.

- not significant
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Tabl e 4. 12(c): Showi ng the significance of difference
I n the nean val ues of Masking Factor at
various frequencies in ears with sensori

neural hearing | oss at 20 dBSL.

Frequency 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

250 Hz 0 + 0 -

500 Hz - - -
1000 Hz 0 0
2000 Hz -
4000 Hz

O Significant at 0.05 | evel
+ Significant at 0.01 |evel.

- Not significant

Tabl e 4.12(d): Showi ng the significance of difference
i n the nmean val ues of Masking Factor at
various frequencies in ears wth sensori

neural hearing | oss at 30 dBSL.

Fr equency 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

250 Hz 0 + 0 -

500 Hz -t

1000 Hz - 0
2000 Hz -
4000 Hz

O significant at 0.05 |evel

+ significant at 0.01 |evel.

- Not si gni fi cant
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Tabl e 4. 12(e): Showi ng the significance of difference
I n mean val ues of Maski ng Factor across
various frequencies in ears wth sensori

neural hearing | oss at 40 dBSL.

Frequency 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

250 Hz O\E O\E ONE O\E
500 Hz - 0 -
1000 Hz - -
2000 Hz -
4000 Hz

O\E = could not be established.
0 significant at 0.05 | evel .

+ significant at 0.01 |evel.

Not significant
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that there is no significant difference in nasking factor
bet ween conductive and sensori neural hearing | oss ears,
the follow ng procedure was undertaken. Since no signi-
ficant difference was observed between the neans of the
masking factor at different intensity | evels, one |evel
dBH_/ dBSL 30 dBSL (Marti nrecommends 30dBHL.for fi ndingthe
maski ng factor) was sel ected. The average nasking
factor of 500 Hz, 1000 Hz and 2000 Hz at 30 dBSL was
found for ears with normal hearing. A simlar average
was conputed for ears with conductive pathol ogy and ears
w th sensori neural pathology. The nean and standard
devi ation values are provided in Table 4.13 and t he nean
val ues have been shown graphically in graph 4.3. To
check whether a significant difference exists between
normal , conductive and sensori neural hearing | oss ears
with respect to the masking factor, the t-test of
significance was applied. The results are indicated in
Table 4.14. A significant difference at 0.01 |evel was
obt ai ned between normal and conductive |oss ears, thereby
rej ecting hypothesis Vi11. A significant difference was
al so found between normal ears and ears with sensori
neural hearing | oss. Hypothesis VIII, therefore, was
also rejected. However, a significant difference was
not observed between the ears w th conductive pathol ogy

and the ears with sensori neural pathology at both 0.05
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and 0.01 | evels of significance. This may probably

be due to a sanpling error, individual differences or
due to the fact that only a snall sanple was studied; as
the difference was found to be significant at 0.1 |evel.
The differences are evident in Gaph 4.3. Fromthe
resul ts obtai ned here, hypothesis | X was accepted, which
states that there is no significant difference in the
maski ng factor between conductive | 0oss ears and sensori

neural | oss ears.

The rejection of Hypothesis VII and VIII, support
the point raised by Veniar (1965) that the noise consti-
tuting effective nmasking in a normal ear cannot be
extrapolated to an ear with | oss. Denes and Naunt on
(1952) and 2w sl ocki (1951) have pointed out that the
very pattern of |oss, changes the quality and effective-

ness of the white noi se.

The results indicate that the relati onship between
the masking dial setting and the anount of effective
maski ng nust be determned for each audi oneter across
all frequencies for the various types of pathologic ears.
Veni ar (1965) has further criticised the common clinica
practi se of establishing the m ni nrum nasking | evel norns

for each masker. She points out that individual subjects
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Tabl e 4.13: Mean and Standard Devi ati on of Maski ng
Factor of the average of 500 Hz, 1000 Hz
and 2000 Hz at 30 dBSL in nornmal ears and
ears with conductive and sensori neura

hearing | oss.

Ears N X

Nor mal 60 9. 667 . 4,304
Conduct i ve 34 6. 324 4.139
Sensori neur al 36 4. 027 5. 955

Tabl e 4.14: Showi ng the significance of difference
bet ween nean val ues in norrmal ears and

ears W th conductive and sensori neural

conponent s.
Ear s Nor mal Conductive Sensori neural
Nor nal 3.67 5.37
Conducti ve 1.86

Sensori neural -
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devi ate consi derably fromnornative standards. The
present study al so, found consi derabl e individua
differences in the masking factor. D fferences of

as nmuch as 25 dB were observed at sone | evels. This
could result in an increasing probability of under-
maski ng or overnasking in many cases, ultimately

| eadi ng the audi ol ogi st to an erroneous di agnosi s.
Veni ar (1965), has therefore, recomrended a nore valid
procedure of establishing the m ni num nmasking | evels
for each subject at each frequency. However, this
testing procedure woul d be tedi ous, both for the subject
being tested and for the audiologist. Hence, it is
suggested herein, that for nore reliable test results
and a valid diagnosis, it is essential to find the
maski ng factor across frequencies in different pathol ogic
ears. This determnation nust be nade before the

audioneter is put into use and periodically thereafter.



CHAPTER 5

SUWARY AND CONCLUSI ONS

Moder n audi ol ogi cal assessnent is based on Pure
Tone Audionetry (LIloyd, 1975), and Masking is often

enpl oyed in the routine audionetric test procedure.

dinical Masking is one of the nost conplex
audi onetric procedures to understand and to execute.
It is conplex because it involves so nmany vari abl es
that operate simnultaneously, sone of themunder very

t enuous control (Ventry, 1971).

The purpose of the present investigation was to
study one such variabl e, nanely, "Masking Factor".
| nformed use of masking in audionetry requires that the
clinician know the hearing | evel to which the non test

ear is shifted by the masking noi se.

This study was an attenpt at conparing the nmasking
factor in normal ears and pathol ogic ears. Further a
conparison of the Maski ng Factor was nade across five
intensity levels (0 dBSL, 10 dBSL, 20 dBSL, 30 dBSL
and 40 d3SL), and across five frequencies (250 Hz,

500 Hz, 1000 Hz, 2000 Hz and 4000 Hz) in both the nornal

ears and the pathol ogi c ears.
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A sanple of twenty ears with normal hearing (ANSI,
1969), eighteen ears with mld or noderate conductive
hearing | oss and fourteen ears with mld or noderate
sensori neural hearing |oss were selected for the study.

Al the subjects were adults. Pulsed pure tone threshol ds
were established for each of these subjects at frequencies
250 Hz, 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz using the
Hughson West | ake procedure (G een, 1978). Follow ng this,
pul sed pure tones were presented at five different intensity
| evel s (0 dBSL, 10 dBSL, 20 dBSL, 30 dBSL and 40 dBSL) at
each of the five frequencies. S multaneously narrow band
noi se was presented continuously through the sane ear-
phone. The level of noise required to just mask the pul sed
pure tones were determned. The nmasking factor for each
intensity, at each frequency was then determ ned by sub-

tracting the tone level fromthe noise | evel.

The data thus obtained was subjected to statistica
analysis. The results indicated a significant difference
i n the nmasking factor between the normal ears and ears
wi th conductive hearing | oss and al so between nornal ears
and ears with sensori neural hearing | oss, (significant
at 0.01 level). However, no significant difference was
obt ai ned between ears wi th conductive hearing | oss and ears

with sensori neural hearing |loss (significant at 0.1 | evel).
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The difference in masking factor was not signi-
ficant across the five intensity levels (0 dBSL, 10 dBSL,
20 dBSL, 30 dBSL and 40 dBSL) in both the normal and
pat hol ogi ¢ ears (both conductive and sensori neura

hearing | oss).

However, a significant difference in the nean val ues
wer e obt ai ned between the various frequencies. The
di fferences were nore pronounced with 250 Hz and 500 Hz

inall the ears tested.

| nplications of the study:

Inroutine clinical masking procedures, it becones
necessary to obtain the nmasking factor for different
pat hol ogi ¢ conditions at each frequency, prior to using
the audioneter. It is therefore, necessary to incorporate
t hese val ues, rather than enpl oy the val ues obtai ned on
nornal hearing subjects, for all the ears, whether nornal or
pat hol ogic, as is being practised presently. Coupl ed
with the know edge of interaural attenuation, this
information permts assurance that cross over is not

occurring.

Limtations of the study:

The study was conducted on a snall popul ation.
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Further, the age of the subjects and the degree of hearing

| oss, whether mld or noderate, were not considered as

significantly different.

Recommendat i ons:

1.

The present study may be tried on a | arger

popul at i on.

An attenpt may be made to study the Maski ng Factor

across vari ous age groups.

The study may be carried out taking into consideration

t he various degrees of hearing | oss.

A simlar study may be conducted using reterocochl ear

pat hol ogy cases.

The Masking Factor in norrmal and pathol ogi c ears nay

be studied using different types of noi se.



APPEND X

Definitions of Terns Used.

Effective Masking Level:

The nunber of dBthat the total energy in the i
initial band is above the threshold energy for a pure
tone whose frequency is at the centre of the band.

It is also regarded as the threshold shift in dB pro-

duced in the nasked ear by a given anmount of noi se.

Maski ng:

The elevation in threshold for one signal (the test
tone) by the presence of a second signal (the masking
noise). The former is referred to as the Maskee and
the |atter as the Masker.

Masking Factor:

The di fference between the noise | evel and tone
| evel, in dBHL.

M ni num Maski ng Level :

The noise level inthe nontest ear which is just
sufficient to mask the test signal in the non test ear
(masked ear).



Narrow Band Noi se:

It is arestricted band of frequencies surroundi ng
a particular frequency and is obtained by band-pass
filtering broad band noise. The signal is continuous

wi thin the frequency band, and intensity is essentially

equal across the band.

Pulsed Pure Tone:

A pure tone which has a 50 nsec rise-decay tine

and 200 nsec duration. The inter stinulus duration

is 1.5 seconds.

Pure Tone:
A tone of only one frequency.
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