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VWHY A PROCRAMWED TEXT

A very recently conducted survey (Martin and Penni n-
gton, 1971) on contenporary clinical procedures showed
nore di sagreenent on naski ng nethod and apparently
greater insecurity than on any one other clinical

procedur e.

This probl emexi sts eversince the begi nning of
audi onetry. Since then Many aut hors have been expressing
their dissatisfaction, to quote some

"A great deal has been witten about clinica
masking. Mst of it is confusing, nuch of it is inconp-
lete and a large portion of it is inaccurate and

m sl eading " (Studebaker, 1967).

"For sone clinicians the approach to nmasking is a
hapazard, hit-or-mss, bit of guess work with no basis
in any set of principles."” (Sanders, 1978).

"Thus the nere fact of having used masking is not
enough to insure correct neasurenent that inproper
use of nmasking can itself introduce error” (Menzel, 1968).

"Therefore various witers have presented procedures
designed to sinplify the clinicians task. Unfortunately
t he sinplest procedures provide the greatest opportunity

for error " (Studebaker, 1967).

Xi



Mbst surprising is that these probl ens exists even
I nspite of many clinical audiol ogy books deal separately

on maski ng and though nmany journal articles appeared.

However when one goes through these books, he can
noti ce

1) that the current texts tend to vary between
t hose which are oversinplified, which nmay easily |ead
the student to conclude that masking is a procedure
I n which one denonstrates his capacity to wthstand
the pain of nenorizing, and others which presune
nmore sophistication than is found among nost under -
graduat e students.

2 ) some books give only theoritical information
and students who stick to these kind of books go 'linp'.
And others give only clinical procedure wthout nuch
theoritical background, and the students who stick to
t hese ki nds of books go 'blind .

3) Many authors describe and enphasize their own
nmethod or nethod of their liking* So students will have
to keep switching of text books and they show | ot of
difficulties in setting on a single text.

4) These books do not provide any chance for the
readers who are wishing to test their understandi ng of
different concepts and clinical procedures involved in

maski ng.

Xi i



The above observations forces one to prepare a

programmed text book on masking which is also intended

to serve as a basic text in audiometric masking. This

on masking is designed primarily with

programmed text
It has as it's basic purpose

the naive student in mnd.
the presentation of a detailed discussion on clinica

masking in a |anguage acceptable to the beginner

Xi i



Chapter |
VWHAT |'S MASKI NG

Al'l of us have experienced that faint speech
cannot be heard in the presence of background noi se.
Faint speech is said to be masked by background noi se.
Background noi se is called nmasker and faint speech is call-

ed naskee.

Sane phenonenon is used in clinical audionetry.
Bef ore expl ai ni ng how masking is used in clinica
audi onetry we shall consider the definitions of the
follow ng terns.

Test ear: The ear for which threshold is to be
obt ai ned.

Non-test ear: The ear to be elimnated or "kept
busy" wth noi se.

Test tone: The signal (pure tone or speech)
presented to the test ear.

Masker: Masking noi se which is generally presented
to the non-test ear.

Schematic representation of these terns are given in
figure 1.

In clinical audiometry masking signal is applied
to the non-test ear. Delivering masking signal to the
non-test ear shifts its sensitivity to the test tone
to a higher hearing threshold | evel. This change in

the threshold for a test tone by the masking signal is

1
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cal l ed masking. In other words maski ng signal produces
tenporary hearing loss in the non-test ear. And whol e
object of masking is to get this threshold shift in
the non-test ear.

Definition:

Maski ng has been defined variously but for cli-
nical purposes it is defined operationally. Msking is
the name given to the psychoacoustic phenonmenon where
the threshold of audibility is raised by the presence
of an another auditory stimul us.

|psilaterality of masking:

Masking is fundanmental ly an ipsilateral pheno-
nmenon (Menzel, 1968). Wat this nmeans is that nasker
can exert masking effect on the naskee only if both
nmasker and nmaskee are presented to the sane ear
si mul taneously. Exception to.this is central masking
( see chapter viii).

This ipsilaterality of masking is basic to it's
application in audiometry, since otherwi se we could not
confine the nmasking to only one ear any nore than the
test tone (Menzel, 1968).

Conventi onal techni que of nasking the non-test
ear is supplying the maski ng noise through an ear phone
to the non-test ear. This is called cantral ateral masking
(see chapter viii ). Contral ateral masking is a useful and

wi de spread tool in clinical audionetry.



Chapter 11
VWHY MASKI HG

Masking is used in order to nake certain that the test
tones are perceived only in the ear which is being tested.
To quote Rose (1978) seens appropriate here, " the clinician
nust take every precaution to insure that when he records

results fromthe right enr he has actually tested the

right ear."

To understand the concept "why nmaski ng" detail ed
di scussions of the follow ng concepts is necessary.
1. Ooss-hearing &

2. Shadow curve

1. O oss-hearing:

In unilateral hearing | oss cases or aasymmetri cal
bilateral hearing | oss cases, when we present a tone to
the poorer ear, it nmay be transfered and heard in the
better ear well before reaching the threshold of the
poorer ear. This is called cross-hearing. According to
ONeill and Orer (1970) this transfer may be due to

- radiation through air transm ssion
- transm ssion through bones of the skull and

- through the head band of the ear phone.
2. Shadow curve:

Fromthe above a pragraph we cone to know that the

possibility exists that, the patient is hearing tone in
4



5
his good ear even though we are presenting tone to the
poorer ear.- The responses thus obtained w thout masking
are fal se and constitute a shadow curve ( see figure 3).

QO oss-hearing in air conduction:

Figure 2 illustrates the cross-hearing. Qut of
60dB presentation | evel, 20dB is reaching the nornal
ear (cochlea) mnusing the interaural attenuation.
Since 20dB becomes 0 dBSL for that ear subject starts
responding to the tone.

Figure 4 is the audi ogram show ng 40dB di fference
between the two ears. Such an audi ogram shoul d rai se
the question about cross-hearing, for air conduction.
The audiogramonly illustrates the danger of cross-
hearing, but does not illustrate cross-hearing as such,
since we can not know the individual's interaura
attenuation under test.

Figure 5 is the schematic diagramof the nechani sm
of a cross-hearing in air conduction testing.

QO oss-hearing in bone conducti on:

It is generally agreed that cross-hearing in bone
conduction always occurs. This is because when a bone
conduction vibrator is placed on the nastoid the test
signal stimulates both cochleas with approxinately
equal intensity regardl ess of the placenent of the

bone conduction vi brator.
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Figure:6 is an audi ogram showi ng an air bone gape
wi th bone conduction obtained in the unnasked condition,
i ndicating cross hearing by bone conduction.
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Figure 6 is an audi ogram show ng an air-bone gap
wi th bone conduction obtained in the unmasked conditi on.
Thi s audi ogram shoul d rai se the question of cross-
heari ng by bone conducti on.

Figure 7 is the schematic di agramof the mechani sm
of a shadow curve (cross-hearing) in bone conduction
testing.

Thus we have understood while testing cases such as
unilateral hearing loss and bilateral hearing | oss, either
by air conduction or bone conduction, some unknown anount
of sound energy reaches the better ear constituting false
responses. Thus precise specifications of a subject's
auditory threshold and supra threshold functions is |ost.

In such a condition it is very possible to obtain
pure tone threshold indicative of a noderate conductive
i npairnent in an ear with profound sensori-neural | oss.

Figure 8 gives an audiogramillustrating an indivi-
dual havi ng profound sensori-neural |oss getting an
audi ogr gm show ng noderate conductive hearing | oss. In
this instance the test tone presented to the poorer ear
by air conduction has reached sufficient intensity to
stinmulate the non-test ear by bone conduction. The
hazar dous consequence of this is that the subject nay be
put into surgery unnecessarily.

I n addi tion, wthout maski ng, false results may be

obtained in other areas of auditory assessnent. For
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exanpl e in speech audi onetry, a reasonably good discri-
mnation score nay be obtained in an ear with severely
i npai red speech discrimnation. Based upon this fal se
result, a clinician may prescribe an hearing aid which
is actually not useful to that ear. S mlarly even in
special tests |ike tone decay, we nmay obtain noderate

tone decay in an ear with highly abnormal adaptati on.

Thus the participation of the non-test ear should
be ruled out, and this is the purpose of masking, Masking
i solates the non-test ear fromthe test ear, so that
valid threshol ds can be obtained for the ear under test.
The participation of the non-test ear is prevented
by keeping it "busy" w th nasking signal. Wen the naski ng
signal is introduced in the non-test ear it results in a
tenporary downward threshold shift, for the test tone
And thus the subject will not hear tone in the non-test
ear. For exanple 20dBIis reaching the non-test ear (figure
2), and if we give 50dB noise to the non-test ear, he
will not hear the tone in the non-test ear. In order to
he hear the tone in the non-test ear in the presence of
the 50dB noi se presentation level in the test ear shoul d
reach 75dB. Since his actual threshold is only 70dB (of
poorer ear) he perceives 70dB tone in the poorer ear but
not in better ear. Thus participationis ruled out, and

actual threshold of the poorer ear is obtained.



Chapter 111
HOWV TO NASK

In the previous chapter it was nentioned that the parti-
cipation of the non-test ear is prevented by keeping that
ear busy with masking signal. The objective of this chapter
Is to wake the student famliar regarding,
- How the nasking signal is introduced?
- What are the kinds of masking signal and their
advant ages and di sadvantages and finally

- Their relative nasking efficiency.

How the nasking signal is introduced?

Conventional ly participation of the non-test ear is ruled
out by supplying nmasking signal through an earphone to the

non-test ear. Menzel (1968) calls it conventional nasking.

Types of nasking signal

A variety of signals have been used in clinics as Brasker:

They range fromsinple pure tones to utnost conpl ex speech.

1. Pure tones:

Pure tones have been used to nask pure tones only,
since they cannot nmask conplex signals |ike speech.

Masking effect is greater when the masking tone and
the masked tone are closer toguther or when the nasking

tone is higher inintensity (dorig, 1966).

11
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Maski ng effect determned by a sound is nuch
stronger on the frequencies higher than on those | ower
( Portman & Portman, 1961).

e can therefore use a tone whose frequency is bel ow
and closer to the one being examned. For exanpl e 500Hz
tone to nmask the perception of 1KHz tone.

D sadvant ages:

Masking of pure tones by pure tones is
- very confusing and
- conplicated by the fact that distortion
products nmay arise for exanple conbination
of tones.
These di sadvantages are alnost certain if both nmaskee

and nasker are closer in intensity and frequency.

2. \Wrbl e tones:

VWrble tone is produced by frequency nodul ati on and
Is a periodic variation of a base or center frequency with
anpl i tude held constant.

Maski ng of pure tones with warble tone is characteristic
of masking pure tones w th narrow band noi se ( Staab, 1974).

However this is not a commonly used nasking stinulus.

3. Masking by nmeans of conpressed air:

Aubry and drard (1961) have conpiled this process.

This method consists of a bottle of conpressed air
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which is connected to a tap and nononeter. Fromthis tap,
gas is released through a rubber tubing to a nozzl e which
is placed in the ear of patient.

When the gas is expanded and projected on the ear drumit
results in a whirling noise.

Again this method is not being used since we are
provided with sinple and efficient nasking noi se sources

i n our nodern audi oneters.

4. Noi se

Masking of test tone in the non-test ear by a pure tone,
warbl e tone, or by weans of conpressed gas has been out dat ed
for the reason one or the other. Therefore in alnost all
practical instances of masking involve, masking of a pure
tone and speech by noi se.

Thus a standard and a conventional procedure for clinica
nmasking is to place an ear phone over the non-test ear and
I ntroduce noise to that ear. The follow ng types of noise

are used.

4.a. Conpl ex noi se:

Conpl ex noise is a type of broad band noi se having a
| ow frequency fundanental plus the nmultiples of the fundanents
Usual |y the base frequency varies between 60Hz to 120Hx.
See the acoustic spectrum ( figure,9). The fundanent al
frequency for this particular noise is 62.5Hz. The additi -

onal frequencies present are 125, 250, 500, | O00Hz et c.
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Acoustic energy is present upto 4KHz. But energy is
present only at discrete frequencies indicated by verti-
cle lines ) i.e energy is not present between 62.5 and
125, or between 125 and 250Hz. And al so energv decreases
as frequency increases. By 4KHz energy drop off is greater
than 50dB. And energy is not all present after 4KHz.

The noise has a buzzing like quality and nmasks nost
effectively in the |ower frequencies where the energy is
greatest (Staab,1974). As a result of this noise has little
or no effect in masking high frequency tones.

Under this conplex noise two types of noise are
general | y di scussed.

4.a.1. Sguarewave noi se:

This conpl ex hornonic signal is achieved by generating
a squarewave and taking it's hornonics (Staab, 1974).

4.a.2. Saw tooth noi se:

Thi s conpl ex hornmonic signal is achieved by generating
a saw toot hed wave and taking multiples of the basic
repetition rate (Staab, 1974).

D sadvant ages of conpl ex noi se:

1. Since energy is only present at discrete frequenci es,
it is possible for a given conponent of the noise to be
within 3 or 4 cycles of the test tone producing a beat
(Sanders, 1978). For exanpl e ei ghth hornonic of the 62.5Hz

fundanmental frequency will beat with a test tone of 500Hz.
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2. The second di sadvantage is that the energy
decreases as 'the frequency increases. Thus it is effective
only at |ower frequencies.
Because of these two limtations it sel domappears

in nodern clinical audioneters.

4.b. Broad band noi se:

Ainically it has beecn called variously, such as
w deband noi se, thermal noi se, and white noi se. Rose (1978)
suggested that it should nore properly be referred to as
broad band noise ( nay be because of greater band w dth).

This theoritically contains all of the frequencies in
the audi bl e spectrumat approximately equal intensities.
However, the spectrumis limted at the ear by the frequency
response of the earphone as can be seen in figure 10.

G thse two types of noi ses(conpl ex noi se and bread
band noi se) white noi se haw greater naski ng efficiency,
atleast in the mddle and higher frequencies since it's
spectrumis essentially flat; where as energy in the conpl ex
noise is concentrated in the lower frequencies with a

rapid drop off energy in the mddl e and hi gher frequencies

(Sanders, 1978) .

Advant ages:

- Has got uniformenergy throughout the audible spectrum
- Maxi num nasking for broad band noi se is higher
t han narrow band noi se. But according to Studebaker
(1962) the range of permssible masking for the

two types of noise is approxi mately the sane. He says
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al t hough maxi num maski ng tor broad band noi se is higher
than for the narrow band noise it's mninmum nmasking is
al so higher. Thus the range of permssible nasking is
sane for both narrow band noi se and broad band noi se.

D sadvant ages:

- Only the noi se conponents wi thin a narrow frequency
band surrounding the test tone, contribute to the
masking of the tone ( see critical band concept).

- The rest of the noise spectrumnot only unnecessary
hut al so increases the intensity of noise and

thereby reducing the threshold of pain.

4.c. Narrow band noi se:

Narrow band noise is not a third kind of noise, but
I's produced by selectively filtering white noise. It is
general |y agreed that narrow band noi ses, centered at
the test signal frequency are the nost efficient maskers
of pure tones. Thus for pure tone audi onetry, the filters
are set to produce a band offrequencies with the test
tone at the center of the band. Thus nprrow band noi se
generator is nothing but a white noise generator with
filter network which varies depending upon the test tone
frequency. Thus | 000Hz narrow band signal would he white
noise in a limted band frequencies with 1000Hz at it's

center.

These band widths are usually described by their
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1. Band width
Is the frequency range whose energies are
no nore than 3dB bel ow the strongest conponent.

2. The rejection rate

is the decrease in intensity over a range
of one octave on either side of the band.
3. Center frequency
The acoustic spectra of five narrow hands of noise
is shown in figure 11.

Advant ages:

- Narrow band noise wll be wore efficient because
it can raise the threshold of the non-test ear
with less overall energy and therefore be further
bel ow t he threshold of pain. So less fatigue and
di sconfort.

- Allard (1974) while determning the relative
distractability of wi de band noi se and narrow band
noi se, concl uded that narrow band noise is preferabl e due
to less distraction.

- The use of narrow band noise offers the further
conveni ences that each band can be calibrated in
effective |level independently. Thus, the nunerical
masking dial reading equals the test signal intensity
that will be just nmasked at all test tone frequencies
( Studebaker, 1967).

Because of these advantages narrow band noi se al nost

appears in all newer clinical audioneters.
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21

However, Qorlg (1966) is of the opinion that the narrow
band nmaski ng noi ses are considerably nore expensive, since
a separate narrow band nasking noise is required for each
test fregency. In this regard to quote Palva & Palva (1954,
1958) as quoted by Studebeker (1967) " the gain in effi-
ciency over broad band noise is not sufficient to justify
the additional cost and conplexity of narrow band noi se
generators."”

4 .d. Speech noi se:

Speech noise is again an outcone of white noise. It is
obtained by filtering white noise above |000Hz at the rate
of about 12dP per octave. Thus it has nore energy in the
| ow frequency spectrumthan white noise and resenbl es the

spectrum of speech.
4.e. PRFink noise:

It provides a relatively broad spectrumw th equal

energy per octave bel ow about 2000Hz.

Rel ative Masking Efficiency
V¢ have understood that out of 4 nmasking signals
nmentioned, noise is nost efficient nasker of all. And al so
we know several kinds of noise are avialable for clinical
purpose. Al types of masking noises are not equally effi-
cient. Efficient noise is one which produces given

threshold shift with least overall intensity. Thus the anount
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of threshold shift produced by a maski ng noi se depends
not only on the intensity of nasking noise but also on
the nature of the masking signal.

And al so sone noises are nore efficient in nasking
pure tones whereas others are nore efficient in speech
signal maski ng.

A manuf acturer has got several kinds of noise at his
di sposal for the clinician. The clinician just cannot
sel ect any one of themrandonmty. An inportant factor in
choosi ng anmong the avail abl e masking noises is the rel a-
tive masking efficiency of the noise.

The masking efficiency of a noise is the relation-
ship between it's overall intensity level and the nagnitude
of the threshold shift produced by that noi se (Sanders,
1978).

Wiy sone noises are nore efficient than other noi ses?

To understand this the reader should know 'critical band

concept .’

Qitical band concept

Early work by Fletcher (1937 & 1940) pointed out
that when nmasking with broad band noi se, the only conpo-
nents of the noise effectively nasking were those whose
frequencies were within a narrow band around the test tone
frequency.

Sanders (1978) states the concept in two parts:

1. In masking a pure tone with a broad band noi se,
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the only conponents of the noise having a nmasking effect
on the tone are those frequencies included in a restricted
band with the test toneat. it's centre.

2 . Wen the pure tone is just audible in the
presence of noise, the acoustic energy in the restricted
band of frequencies is equal to the acoustic energy of the
test tone.

The first part of the concept coveys that, only the
energy in the noise in the frequency band imedi ately
surrounding the test frequency contributes to the masking
of that frequency. And the width of the restricted band
frequenci es responsible for nasking a pure tone is critical.
Sanders (1978) says, if a band is narrowed to | ess than
the critical width without adding to the energy within the
band, it's masking effect is decreased. If the band is
w dened beyond critical width it's nmasking efficiency is
decr eased.

The second part conveys that the effectiveness of
the masking noise is determned by the spectrumlevel wthin
the critical band, often referred to as the |evel per
cycle, rather than overall intensity which has no nasking
effect.

This concept is specific to a noise of continous and

flat spectrumand will not holdentirely true for conpl ex

noi se.
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Application of critical band concept

Application of critical band concept is to findout
the masking efficiency of different nasking signals by
finding out the noise |evel per cycle.

Level per cycle is the overall sound pressure
di vided by the nunber of cycles. Wile calculating the
| evel per cycle frequency val ue should be converted to
it's logarithm and the function the becones one of
subtraction

Let us consi der one exanpl e:

80dB white noise and 80dB narrow band noi se
( band width is 200Hz). .

In case of white noise 80dB energy is distributed
t hroughout 6000Hz range whereas in narrow band noi se
80dBis just distributed over 200Hz range. So naturally,
| evel per cycle is highest in narrow band noise than in
broad band noi se. Thus at equal over all intensity we
woul d expect greater threshold shift from narrow band
noi se. In other words, for a given threshold shift the
overall intensity would be less for the narrow band noi se.

Formula for calculating |evel per cycle:

Level per cycle(PC = overall intensity mnus 10 times
the logarithmof the band wi dth.
LPC = QA SPL - 10 log band wi dth
( Note: For critical band w dths of eleven test frequencies

see the table given in Chapter V).
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Experinental verification of critical band concept

Rel ati ve masking efficiency of noises can be verified
through actual threshold nmeasurenent. Student is referred
tothe title " determnation of effective nasking |evel "
under the chapter " How nuch maski ng. "

Wiat types of nasking noise are recommended for pure tone

naski ng
The discussion on critical band concept has clearly
shown us the superiority of the narrow band noi se over
ot her kinds of noises in pure tone nasking.
Thus narrow band noise is the preferred noise for
use when nasking pure tones for the foll ow ng reasons
1. It provides nore efficient nasking than broad
band noi se and conpl ex noi se.
2. The overall SPL is not as great as broad band noi se
and is not disturbing to the subject.

Wiat types of masking noise are recommended for speech

audi onetry.

Speech signal is a broad spectrumsignal. So a broad
spectrumsignal should be used to nask speech signal. Since
pure tones and narrow band noises are not broad spectrum
signals, they cannot be used in speech naski ng.

Fol l owi ng types of signal are being used to mask
t he speech signal.

1. Conpl ex noi se:

Not ideal for speech masking owing to the high freg-
uency weakness of conplex noise (Martin, 1978).

2. Broad band noi se:
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Broad band noise is used nost frequently for speech
audi onetric testing. Speech contains all frequencies and
nust be masked by a noi se containing conparabl e frequency
conposi tion.

According to Martin (1975) this is slightly weak in
| oner frequencies. My be this is due to the fact that the
nornmal ear is significantly less sensitive to frequencies
bel ow about 500Hz than to frequenci es Romabout 500 to
4000Hz ( G orig,|966).

3. Speech noi se:

Si nce ppeech noi se resenbl es the speech signa
spectrum Mrtin (1975) speech noise as the best consi ders
nmaski ng devi ce for maski ng speech.

4. P nk noi se:

uyavenes and Sohobl (1967) while finding out the
relative efficiency of pink noise and white noise in
nmaski ng speech concluded that "pink" noise seens to he
preferabl e as a nmasker of speech because of the follow ng
reasons:

1. Masking effect of pink noise is |-4dB greater

t han whi te noi se.
2. The increase in masking with the increased noi se

intensity is linear with " pink noise?



Chapter |V
WHEN TO MASK
" It is not always necessary to nask,and the questions
of when to np.sk are the ones that many clinicians find
it trouble sone."” ( Rose, 1978)
" The understandi ng of when to mask places the tester
hal f way toward the goal of properly using nmasking in
pure tone testing”( Staab, 1974).

Anser to the question " when to nmask"is very sinple.
Maski ng shoul d be applied to the better ear whenever the
danger of cross hearing is indicated. The danger of cross
hearing is determned by the follow ng factors.

| .Presentation level of the test signal (PTL)

li.Interaural attenuation (l1A), and .

Iii.Threshold sensitivity of the non-test ear.

Since interaural attenuation varies wth node of
conduction ( air or bone ) and also with type of signa
( pure tone or speech), so we get different Interaura
attenuation values ( see interaural attenuation). And
since interaura) attenuation is one of the main factor in
determning the danger of cross hearing, we have different
rules for "when to nask” in pure tone air conduction,
pure tone bone conduction and in speech audi onetry. Because
of this reason the chapter has been divided into three

subdi vi sions. They are:

27
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1. When to mask in pure tone air conduction
2. \Wen to mask in pure tone bone conduction
3. VWen to mask in speech audiotnetry.
Before going to these rules we shall discuss in detai
about above said 3 factors which determ nes the danger
of cross hearing.

1- Interaural attenuation (IA)

Interaural attenuation is the reduction in the intensity
of sound in passing fromone ear to the other ear. This
Is also called as skull attenuation, interaural transm ssion

| 0ss.

Definition:

Zwi sl ocki (1953) defines interaural attenuation as
the reduction in the intensity of a signal fed to one ear
after crossing the head to the opposite ear.

Wegel A Lane (1924) and Zwi sl ocki (1948) consider this
interaural attenuation to be due to bone conduction, meaning,
as sound travels fromone ear to the other ear primarily
by vibrating the bones of the skull, it |ooses energy.
Bekesy (1948) opined that interaural attenuation is mainly
due to air conduction. Chaiklin(l967) says that at certain
frequencies there exists some air conducted |eakage.

However, most authors seemto favor the explanation
given by Wegel & Lane (1924) and Zw sl ocki (1948).

Amount of interaural attenuation is not same. It varies
with,
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a. Kind of signa

b. frequencies

c. Types of earphones used

d. Mdde of conduction of signa

e. Across subjects and

f. Mscell aneous factors.

a) Interaural attenuation and kind of signa

Kind of signal here neans, whether signal is pure tone,
speech or noise. The interaural attenuation values are
different for different stimuli. So it is recommended t hat
clinicians should consider different interaural attenuation
values for different stinuli. For exanple Vijayaraghavan
(1978) found nean interaural attenuation value for pure tone
and narrow band noise to be 58 and 65dP respectively.

b) Interaural attenuation across frequencies

To see how interaural attenuation changes across freg-
uenci es see tables given by (oles & Pride (1968), 2w sl ock
(1953) and Vijayaraghavan (1978). See table 1.

Interaural attenuation val ues between authors differs
per haps because of type of earphone used,type of subjects

or measur enent net hod.

c) Interaural attenuation and kinds of earphones

Larger the earphone less the attenuation, snaller the
ear phone nore the attenuati on vaj ue. S ze of the ear phone
Is indirectly proportional to the anount of interaura

attenuation ( sec insert receiver,chapter nunber ix ).



Tabl e: 1 Mean and range of

i nt eraur al

according to different authors
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at t enuati on val ues

Aut hor 125 | 250 | 500 1K 2K 4K | 8K
Mean 40 40 50 55 60 | 65 70
ZW sl ocKki
(1953)
Range - - ) - - - -
Mean - 62 63 63 68 | 68 -
Col es &
Pri
1ok
Range | - |50-80|45-8040-80 45-7550-85 -
Mean - 46 57 58 60 | 66 58
Vi j aya-
r aghavan
(1978) |Range| - |45-49 55-59 58-59 60-61 65-68 gg-




31

d) Interaural attenuation and node of conduction of signal

Signals can reach cochlea either through air condu-
ction or bone conduction. Wen signals are conducted thro-
ugh air conduction interaural attennution is nuch |arger
t han when conduct ed t hr ough hone conduction. The inter-
aural attenuation in air conduction amounts to 40 to
85dP dependi ng upon frequency ( Coles & Pride, 1968).
Wiereas in bone conduction interaural attenuation anmounts
to 5 to 15dB (Studebaker, 1967). For the mechani sm of
interaural attenuation by air conduction and bone condu-
ction see the figure 12 & 13 respectively.

e) Interaural attenuation and individual differences

Interaural attenuation varies fromperson to person,
even when we use sane frequency tone, sane earphone, and
sane node of conduction. For exanple in coles & Pride's
(1968) study at 1KHz mninuminteraural attenuation was
40dB and maxi mumwas 80dB (see table 1 for details).

f) M scel | aneous factores

Interaural attenuation may vary dependi ng upon the
external auditory canal's volune. Vijayaraghavan (1978)
studied the head circunference as a variable in inter-
aural attenuation. And He concluded that the interaurn
attenuation value may not differ significantly as a
function of the size of the head.

Thus knowi ng these figures for the skull attenuation
of pure tones or speech and knowi ng the |evels of test
signals presented to the test ear one can easily calcul ate

the intensity of the sound stimulating the non-test ear.
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1R = hodn

Fi gure: 12 Mechanismof interaural attenuation for air
conduct i on.

1A= 0 boi5dn.

L1

Figure: 13 Mechanism of interaural attenuation for bone
conduct i on.
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In the sane way the possible effect of the masking noise
on the threshold of the opposite inner ear (test ear) can

be estinated or cal cul at ed.

2. Presentation level of the test tone

It is the level of the test tone, presented to the
unmasked ear. This presentation level mnus the interaural
attenuation is level of test tone reaching the opposite
ear. After a particular point, '"wen presentation |evel
becones nore than 40dB) the level of the test tone reaching
the non-test ear is linear with the presentation |evel.

3. Threshold sensitivity in the non-test ear

Even when the test signal is presented by air conduc-
tionit wll cross the skull by bone conduction. Thus the
threshold sensitivity of non-test coch.ea plays an inport-
ant role. Hgher the threshold sensitivity of the non-test
ear's cochlea, |esser the danger of cross hearing and vice

Ver sa.

| . Weentonmaskinp u r etone air conduction

It is generally agreed that test tone travels to the
opposite ear prinmarily through hone conduction, irrespective
of nmode of conduction of pure tone signal. Thus rule for

when to mask should be brsed on the 'sensory-neural'sensiti-

vity of the non-test ear, but not on air conduction threshol d

of the non-test ear. This is illustrated in the audi ograns,

figure nunber 14 & 15.
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Figure: 15, An audiogramillustrating need to nask the right
ear while reestablishing |eft ear conduction threshol ds

t hough, difference between right and left air conduction
thresholds is onlyl0dB. This is because the gap between

air conduction threshold of left ear and the bone conduction

threshold of right ear is naintained.
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In figure 14, audi ogramshows that right ear is within
normal limts both airconduction bone conduction). Left
air conduction responses are" around 45dB. Danger of cross
hearing is indicated because difference between unnasked
| eft air conduction threshold and right bone conduction
threshold is nore than 40dB. Also there is a gap of nore
than 40dB between right air conduction and left air conduc-
tion which should not be considered. This is illustrated
inthe figure 15.

In figure 15, audi ogramshows only | O dB gap bet ween
| eft air conduction and right air conduction, still shadow
responses occured at 50dB only, because the gap between
air conduction of the left ear and bone conduction thresh-

old of the right ear is neintained in both the radi ograns.

Thus when to nmask should be based on sensory-neural

sensitivity in the non-test, ear,(first factor).

Secondly an air conducted tone to travel fromtest ear
to non-test ear, the anount of energy lost ranges from 40dB
to 80dB (see interaural attenuation), depending upon freg-
uency, and subject. Inthis situation it is reasonable to
adopt the Studebaker's (l1967) suggestion of taking an extre-
nme value. In this case we should take mninmumval ue i.e
40dB (second factor).

Now with the help of thrid factor i.e presentation
| evel of the test tone we can arrive at rule for when to

nask.



37

Presentation level - Interaural attenuation Z

Bone conduction threshol d of
non-test ear.
Synbol i cal |y,
PTL - 1A > BCe
(or)
PTL Z BCye + A (for tone)

In the above audlograns 14 & 15 the presentation | evel
of test tone is greater than bone conduction threshol d of
non-test ear + interaural attenuation for tone. Thus masking
IS needed in both the cases.

In other words, it is necessary to mmsk whenever the
ai rconduction presentation level at the test ear exceeds
the bone conduc ion threshold of the opposite ar by nore
than the snallest expected interaural attenuation val ue
( Studebaker, 1967).

Here the snallest expected interaural attenuation val ue
Is taken since we have no way of finding out the person's
interaural attenuation under test. This is a conservative
approach and may result in the use of nasking when it is
not needed. However, the use of nasking when it is not needed
Is a nuch | ess serious problemthan not using it, when it
I's needed ( Rose, 1978). Sticking to the above suggestion
will result in the fewest nunber of serious m stakes.

Take for exanpl e the same audi ogram(F nunpber 14). H's
| eft airconduction responses are at approxi mately 50dP.

These responses coul d be,
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- Shadow responses ( if interaural attenuationis 40 to
50dP ), or
-Actual responses of right ear ( if his interaural
attenuationis say, 65dB ), if this is the case no
need to mask. Put we do not know his interaural
attenuation. So take his interaural attenuation to

be mninum and nask and no harmis done.

Again by following this rule there may be times when
the nerd to mask for air conduction is not apparent until
bone conduction threshol ds have been obtained (Lydd &

Kapl an, 1978). This is illustrated in the audi ogram (FI G 16)

In the sane audiogramif right bone conduction is
al so 30dB, there is no need to nmask. If bone conduction is
10 dB or bel ow danger of cross hearing exist indicating
need for maski ng. Thus need for risking, cannot be decided
until we' hrve bone conduction threshol d.

In such a situation one can follow Palva's (1962)
suggestion, as wltten by Studehaker '1967) " Pal va(1362)
proposed naski ng the opposite ear whenever the air condu-
ction presentation |evel exceeds the smallest expected
I nteraural attenuation val ue."

Synbolical ly,
Wen PTL>40dB mnmask the opposite ear.

1. When to nmask i n bone conduction

Since at low frequencies the skull vibrates as a unit,
the two cochlea inbedded within the sane skull, are stinu-

| ated al nost equal ly regardl ess of whether the receiver is
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Figure:16 An sudiogramillustrating the need to mask
for air conduction testing is not apparent
aunti| bone conduction thresholds are
obt ai ned.
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on the sane or opposite side of the head. At higher
frequencies attenuation on the order of |0 dpxnay be obtai -
ned but varies cross subject so it is not reliable.

Because of these reasons, nany authors suggest
Interaural attenuation for bone conducted signal should
be considered as zero dB

Wen we get an audi ogram as shown in figure 17
the bone conduction results plotted on the audi ogram
could actually represent the right ear, left ear, or
both ear since interauraL attenuation is considered as
zero.

S nce interaural attenuation is considered as zero
It has been suggested that nasking always be used in bone
conduction testing (A orig, 1963; Staab, 1975).

Menzel (1968 ), donot accept such an conservative
approach, and argues against it, saying that validity
and reliability of threshold nmeasurenent tend to be better
when nasking is not used. And he says it is therefore
neani ngful to specify the conditions underwhich nmasking is
not indicated rather than when it is.

He lists the followi ng 3 conditions underwhi ch nasking
Is not done, but in all other conditions.

- Masking for bone conduction is not necessary when

the thresholds obtained without it are approxinately

equal to the air conduction threshold for that ear.
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- It is not necessary when unnasked bone conducti on
thresholds for the ear beineg tested are better than
those for the opposite ear (although mmsking will
probably have to be used when the other is tested).

- Masking for bone conduction is obviously unnecessary
when the sound fails to be heard at the upper bone
conduction testing limts o the audi oneter being
used.

St udebnker (1964) objecting to the conservative approach
saying that it is nore conservative than necessary recomrends
nmaski ng shoul d be used any time the bone conduction thresh-
olds are better than air conduction thresholds in the ear
being tested by nore than 10dB.

VWber test had been used for determning when to mask
during bone conduction test. If the patient |lateralizes the
weber test tone one ear then masking noise is applied to
that ear. No nasking is needed, if the subject does not
| ateralize the tone. However, this procedure is not being

used because of msleading results.

I'11- Wentonaskin Speech Recepti on Threshol d neasure

nent

I n speech reception threshol d neasurenents spondee words
are used as test stimuli. The beginning student traditional
has been left to his ow inagination with regard to when
cross hearing for spondee words nay occur and what neasures

shoul d be taken to avoid this (Martin, 1978).
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Contral ateralization for speech stimuli occurs through
bone conduction simlar to contralateralization for pure
tone stimuli. Hence the sane 3 factors determne the danger
of cooss hearing. They are,

- Presentation level of the test signal (spondee words)

- Interaural attenuation and

- Threshold sensitivity of the non-test car.

Mninuminteraural attenuation for speech is considered
to be 40 to 50dB (Martin,1975). Oning to the use of large
earphones the interaural attenuation value is set at 40dB.
This nmay lead to unnecessary nasking in sone cases. However,
the risk of |oosing sone accuracy nust be accepted as a
far | esser evil than shadow responses (Menzel, 1963).

Thus cross hearing is a danger whenever the speech
reception threshold of the test ear mnus the interarua
attenuation is equal to or above the bone conduction thre-
shold of the non-test ear.

Since speech is a conplex signal and hone conduction
threshol ds are obtained with pure tones, it is probably
best to conpare the test ear's speech reception threshold
wth the best bone conduction threshold of non-test ear.

Synbol lically, mask when

SRTe - |A > Best PCTye
or
SRT > Best BCT ne + IA
Reader will recall that while determning Wien to nmask

In case of pure tone testing (both air conduction and bone
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conduction) presentation level in the test ear was conpared

with bone conduction threshold of the non-test ear. And
air conduction threshold of the test ear was unrelated to
the danger of cross hearing. Smlarly here since nechani sm
of cross hearing for speech and pure tone is considered
sane, the speech reception threshold of non-test ear are

unrel ated to the danger of cross hearing.



Chapter V
HON MUCH NASKI NS

l.In threshold audionetry

Till this chapter the student has |earnt about what
I s maski ng, why nsking shoul d be used, what ki nd of naski ng
noi se should be sued in different tests. If the student
has thoroughly understood these concepts, one can easily
say he has understood 50% of maski ng. The next 50%whi ch
he has to achieve lies in understandi ng how nuch nasking
noise is appropriate to the non-test ear so that he can
measure exact thresholds of the test ear.

Student rmay wonder why so nuch of weightage i.e 50%
Is given to this chapter. This is not w thout reasohabl e
reasons.

"It may be seen that the problem of obtaining true
t hreshol d responses froma poorer ear mght not be over-
cone in many cases sinply by putting a noise into the
opposite ear" (Sanders & Ri ntl emann, 1964) .

"Mre errors are coomtted in audionetry through
carel ess or inproper use of nasking than through it's
omssion. Mst of these errors result fromeither too nuch
or too little nmasking" (Menzel, 1968), and

"Avoi dance of inproper nasking intensities requires
consideration of a nunber of factors including the test
signal level, effective level etc. Fewclinicians find
it feasible to manipulate all these nunber of variabl es

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

45
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The optimumintensity of the masking signal should
satisfy the following two conditions given by (Portnan

& Portman, 1961).

1. Oiterion of efficiency:

That is the masking tone should very effectively nask
the ear to be elimnated. This criterion strosses upon the
m ni nrum ef fective anount of nasking noise in the non-test
ear.

2. Oiterion of repercussion:

That is the nasking noi se shoul d have no repurcnssion
in the ear being tested. In other words the maski ng noi se
in the non-test ear should not influence the threshol ds
of the test ear. (fcourse beyond central effect (see
central masking, chapter nunber viii). This criterion stresses
upon anount of mnaxi mum noi se one can use w thout affecting
the thresholds of the test ear. If it effects the threshol ds
of the test ear it is called overnasking.

Thus the student shoul d know m ni nrum anmount of mnasking
noi se needed to mask, and the maxi num anount of nasking
noi se he can use w thout the danger of over nasklng or cross
heari ng.

Thus we have,

- mnimumeffective nasking |evel in,
- ar conduction testing
- bone conduction testing
-speech reception threshold nmeasurenent
and

- maxi num effective nasking |evel in,
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- air conduction

- bone conduction and

- speech recepti on neasurenents.

A nunber of factors are involved suchas, effective

| evel of masking, air bone gap, occlusion effect, signa
to noise ratio at the not-test ear, etc., in determning
m ni mum and maxi num effective | evel of nasking noi se.
And factors involved in mninmumeffective level are diff-
erent fromfactors invloved in naxi numeffective evel.

30 each of themis dealt spearatel y.

A) M ni numef fectivemaski ngl evel ( Mai n)

The mninum effective nmasking level is the mnimm
anount of noise in the non-tost ear which is just
sufficient to mask a pure tone that mght appear in the
non-test ear because of cross heari ng.

In short, the noise level just sufficient to nask
the test signal in the ear to which noise is presented.

Thus in mninumeffective masking | evel, noise from
the earphone and test tone fromthe test ear are present
in the non-test ear. and in test ear only test tone is
present. Schenatic diagramillustrates this, see figure

nunber 18.

A a. Calculation of mninumeffective nasking | evel

in air conduction

The m ninum effective masking level in air conduction
is determned by the follow ng factors:

1. Level of the test tone reaching the cochlea of the

non-test ear.
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2. Effective level of masking and
3. Ar bone gap in the non-test ear.
V¢ shal | consider these factors one by one and finally
arrive at the mninumeffective nasking level for air
conduct i on.

1. Level of the test tone reaching the cochlea of.the

_ nontest  ear

The student mght recall that |evel of the tone reaching
the non-test ear is determned by two factors, that is
presentation |level of the test signal and initeraural atte-
nuation. The level of the tone reaching the non-test ear
Is given by presentation level of the test signal m nus
I nteraural attenuation,

Synbol i cal |y,

PTL - A = Test tone level in the non-test

2. Effective |evel of masking:

This is the noise level needed to nmask a threshol d tone

or produce a threshold shift. This is because 0dBH. tone

cannot be masked by OdBSPL noi se. For exanpl e when zero dBHL
tone and zero OBSPL noise are presented to the sane ear,

the tone is heard. The level of the nasking noi se nust be

i ncreased to about 20dB hearing |evel before an appreciable
shift in the pure tone threshold. Thus first 20dB increase
of maski ng noi se above pure tone threshold produces no nask-
ing. Thus the level of the noise just sufficient to nask a
OdB tone is called effective level of the noise. This is a

property of the masking noise and varies with the frequency
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and the type of noise used (Staab, 1975). This is also
called as 'nasking factor!

Rose (1978) calls it as mninummnasking | evel and defines
as the anount of noise needed to just nask a 0dB HTL t one.

At higher intensity levels (above 20dB), given dB increase
in the level of nasking results in approxinately equal increase
in the amount of nasking or threshold shift of the test tone-
thus presenting a linear relationship (dorig,l 966).

A glance at the table 2 nmakes this clear.

Thus the difference between two signals then renain
constant for all higher noise |evels.

Continuing with the sane exanple i.e., figure nunber
19, 20dB is reaching the cochlea. Thus to nmask this 20dB tone
we have t0 give 40dB noise, i.e level of the tone in the
non-test ear (20dB) plus masking factor (20dB). Thus synbolica

Mmn = PIL- IA+MW ( 1+2)

Determ nation of effective nmasking |eve

There are two nmethods in determning effective masking
| evel .

1. Through actual threshold neasurenent rnd

2. Through conput ati on.

1. Through actual threshold neasurenent:

St udebaker' s nmethod (1967):
- first find out the threshold

- switch both the noise and pul sing pure tone signa
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into the sane ear and determne the threshold for the

test tone on several subjects at several |evels of

nmaski ng noi se.

Figure 20 shows a conbining network for the purpose
of directing test signal and nasker to the sane earphone.
This network reduces the output of the earphone by 8 or
9dB. The reduction is equal for all frequencies and for
bot h masker and test signal. The m ni mnumnasking | evel s
obtai ned therefore undffected by the network (Studebrker,
1967). Mbodern clinical audioneters have this provision
of directing both noise and signal to the sane ear.

- (btain a nmedian value and plot as shown in the

figure 21.

- Then draw a vertical line connecting the abcissa
with the plotted line at a point where the plotted
|l ine approxinates a 45 angle and then a hori zont al
line fromthis intersection to the oodinate.

- Plotted vertical line indicates the noise |evel
and plotted horizontal line indicates threshold

for pul sed tone.

- The difference between the two is mni num naski ng

| evel, or effective |evel masking or mnasking
factor. In the figure nunber 21 masking factor is
20dB.

- Process should be repeated for all the frequencies

using different noises and test signal.
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Tabl e: 2 showing the effects of masking facoor

To mask Noi se | evel
required
adp tone 20dB
20+20=40dB
20dB t one 30+20=500dB
30dB ¢ one
40dB tone 40+20=60dB
50dB tone 50+20=70dB
60dB tone 60+20=80dB
7QdB tone 70+20=90dB
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Figure:21 Illustration of plotting the nedian vnlue for
effective maskinr |evel.
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This is because ( according to Menzel, 1968) the anount
by which the level of masking noi se nust exceed that of the
tone in order tOnask it varies a great deal according to
the qualitative aspects of both the noise and the tone.

Martin's not hod:

- Take reliable normal subjects.

- Present pure tone of 30dPH. into one ear and maski ng
noi se to sane ear

- Increase the noise intensity until the tone is just
masked out .

- Then for each frequency, 30dB can be subtracted from
each nmasking level and that level is regarded as
maski ng factor.

Martin(l 987) recomrends that " these |evels should be

posted on the audioneter in the formof a correction chart."

These nethods are not useful when audioneters do not

have provision for mxing the tone and naski ng noi se. For
such a situation Menzel (1968) suggests to have group of
listeners with severe or total wunilateral sensori-neura

heari ng i npairnent.

2. Eifedtive nmasking level by conputation

1. Find out level per cycle (LPC at different inten-
sities of noise as nentioned el sewhere.
2. Nowwe can know the total energy in the critica

band, iIf we knowthe wdth of the critical band.
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The critical band widths fromthe data of Hawkins
and Stevens (1950), as quoted by Senders (1978) are

shown in the table 3.

Thus energy in the critical hand = level per cycle +

10 tinmes the logarithnms of the critical band w dth.

Synbolicaily,

ECP = EPC + 10 log CBW
The difference between the value for energy in the
critical band wdth and the |evel necessary to reach
threshold at a given frequency is the effective
level (2) of the noise at that frequency. Thus
effective level (Z) can be conputed as foll ows:

Z = RPC + 10 log CBW - threshold in quiet(dBSPL)

Wr ked Exanpl e:

To find out effective |evel of 60dP white noise in

aski ng 500Hz tone.

LBC = 0ASPL - 10 |og CBW
= 60 - 3.78 x 10
= 22.2 dB

Thus energy in each cycle of white noise while masking

500Hz pure tone is 22.2dB. The frequency band w dth

at 500Hz is 50. Thus the total energy in the critica
band woul d be 22.2 X 50. Converting it into logarithm (

val ue,
ECP = 22.2 + 17 by formula
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Tabl e: 3 showing critinal band width for eleven test
frequenci es. Hawki ngs and, Stevens data. From
Sander's 1978 "asking", in Handbook of clinical.
audi ol ogy, Kat z, J.

Cent er COritical |[band width
Fr equency In Hz | Ol og CEW
125 70. 8 18.5
250 50 17
500 50 17
750 56. 2 17.5
1000 64 18
1500 79. 4 10
2000 100 20
3000 158 -
4000 200 23
6000 376 25. 76
8000 501 57
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Tabl e : 4 Anount of noise in dBSPL required to nask

od tones of various frequencies.
250 500 1000 2000 4000 | 8000 Noi se
48 44 45 56 85 sew tocth
48 33 28 30 20 22
26
32 17 14 18 14 nerrow band

Tabl e : 5 Show ng

250

30

effect reported by Zw sl ocki

500

20

1000

10

2000

4000

the aproxinmate values of the

(1953).

occl usi on
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- Effective level of 60dB white noise is
Z =22.2 + 17 - 11.5 by formul a
= 27.7

Thus 60dB white noise produces 27.7 dB threshold shift
for 500Hz tone.

Simlarly, find out effective level of 60dB narrow band

noi se at 500Hz.

Ef fective masking table:

Thus it is evident that whatever nunber appears in the
audi onetric masking dial cf the 'adionetev is neaningless
unless it is calibrated in effective |evels at each frequency.
This has to oe done, though sone audi oneters have nmaski ng
noi se designed to be nore nearly uniformin masking effective-
noss for several test frequencies, owing to 'he differences
of the ear's sensitivity for different frequencies.

Thus preparing a effective nmasking table provides the
clinician wwth a predeter incd set of mninmmmasking |leve s
(rmasking factor).

Tabl e 4 (page nunber 55) shows an approxi mati on of the

anount of noise in dB SPL required to nask odBTL tones of

vari ous frequencies.

3. Air bone gap in the non-test ear

The third and the final factor in determ ning the m ni num

effective level masking in air conduction is the air bona

gap in the non-test ear.



St udebaker (1964) suggested that presence of air hone
gap in the non-test ear change6 the signal (test tone) to
noise (masking ratio. This is because the signal is
heard by bone conduction, which is not affected, while

the noise is being presented through air conduction which
Is affected. Thus 'ir bone gap in the non-test ear inter-
feres with the |evel of nasking noise reaching the cochlea
of the non-test ear. Thus if ""here is a air hone gap

in the non-test ear, which brings about a change in the
signal to noise ratio, is conpensated by adding the anount
of air bone gap to the level of the masking noise.

Thus m ninmumeffective masking level is equal to
| evel of the tone reaching the non-test ear plus effective
| evel masking and plus air bone gap in the non-test ear

Synmbolically,
Mm n. = PTL - A+ TF + (ACT - CT) ...1+42+43

A.b. Calcuation of mnimmeffective masking |level in
bone conducti on
The mninmum effective masking |evel in bone conduction
Is determned by the follow ng factors:
1. level of the test tone reaching cochlea of the non-
test ear.
2. effective level of masking
3. air bone gap in the non-test ear or occlusion eff
1. The level of the test tone reaching cochea is determn

by presentation level mnus the interaural attenuation.
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S nce interaural attenuation Tor bone conduction is generally
consl dered as zero see interaural attenuation) alnost all
the energy reaches the cochlea of the non-test ear. Thus
energy present in the non-test ear is the presentation |evel
at the test ear. Thus synbolically,
M mn =PIL + ...... (1)

2. Effective | evel of masking

Sane as in air conduction. This synbolically, it becone
Mmn=PTL+ M - ... (2

3. Alr bone gap in the non-test ear.

Again as in air conduction. Thus synbolically, it becones
Mmn = PTL + M+ (ACT - PCT] .... (3)

4. Ccclusion effect (CE)

Let us take for exanple, a normal hearing person.. Take
hi s unnmaksed bone conduction threshold. Then occlude the
ears and agai n take unnmaksed bone coduction threshold. You
wWll definitely see inprovenent in his bonp conduction thre-
shold, for low frequencies. This inproverment in bone cnndu-
ction threshold due to occlusion of the ears is called
occlusion effect. This is defined as " the increase in
| oudness far bone conducted stinmuli when the ear canals are
covered" (Rose, 1978).

Expl anation given for the occlusion effect are the
f ol I ow ng.

|. Mandi bul ar inertia:

Condyl e of the nmandible articul tes with the skull.
When the skull is vibrated during bone conduction the

mandi bl e
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which is loosely held to the skull, because of its inertia
| ags behind the skull. This novenent relative to skull pro-
duces slight in and out of the canal wall, because of

which there is change in air pressure within the canal.

If the canal is,opened changes in air pressure, escapes int"
at nosphere (least resistance path). If covered, drumacts
as a least resistance path air pressure changes are heard
as air conducted sound. This was given by Bekesy (1941).
However, Allen and Fernandez (1960), observed two patients
each with the lower jaw mssing on one side, in both of
them the occlusion effect could be elicited in either ear

at approxi mately the same magnitude.

2. Hui zing (1960) enphasized the role of resonance
in the external canal. The resonponce of the air wthin
a tube is different when the tube is open and when it is
closed. Thus, occluding the ear canal ought to shift it's
resonance point.

Thus descri bing an underlying nechani sm has been one
of the nost challenging problens of bone conduction theory
( Tondorff, 1972).

In occlusion effect, actually the bone conduction
threshol d does not inprove but what realy happens is an

increase in the level of the stimulus reaching the inner

ear.

The nost notabl e characteristic of occlusion effect
Is it's frequency dependencyof greater magnitude of the

| ower frequencies, (Liebman & Arasim1971). The occl usi on
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ef fect changes, bone conduction neasure by as much as
25 to 30dB in the low frequencies with continously |ess
effect as frequency i ncreases.

Table 5 shows ( page nunber 55) the aptroximate val ues
of the occlusion effect reported by Zw sl ocki (1953).

When nasking is needed, the nontest ear is covered
by an earphone, thuscreating occlusion effect in that
ear. This enhances the strength of the test sjgnal reaching
the non-test ear. This neans that |ikelihood of the non-test
ear responding to | ow frequencies presented to the test
ear is increased. To overcone this, amount of maski ng noi se
in the non-test ear should he increased by the correspondi ng
amount of occl usion effect.

Cccl usion ef'ect should not be added in the follow ng
si tuations.

1. Ar conduction testing:

S nce both ears are covered at all tinmes, an oce-
Jusion effect is not created. Wen mnsking is introduced into

the non-test ear.

2. Wenair bonegapis presnet i nthenon-test ear

This is because snmall changes in nir pressure in
the external ear canal caused by the occl usion effect
are not sufficiently intense to overcone the concductive
conponent of the hearing | oss (Rose, 1978).
I n other words conductive |loss produces a built in

occl usion effect ( Studebaker, 1962). Thus a mni num effective
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maski ng | evel becones,
Mmn = PTL + M + CE
Thus mni num effective nmasking |level for bone conduction
I's either

Mmn = PTL + M= + (ACT- PCI)
or

Mmn = PTL + MF + OE

To find occlusion effect for the individual under test

- (btain unnsked bone conduction thresholds wth both

ears uncover ed.

- (btain unnmasked bone conduction thresholds w th non-

test ear covered for |ower frequencies and

- Subtract occluded thresholds from unoccl uded thresh-

old at each frequency.

- The difference is occlusion effect.

This nethod is an audionetric version of the Rng test
descri bed by Martin (1974). He recomrends this procedure
saying that " where increased nagskingis required to offset
the effect of having occluded the nasked ear, the precise
anount of noi se nmay be added rather than some average figure
that nay be nore or less nmasking than required for the patient.
A.c. Clculation of mninumeffective nmasking level in speech

reception threshold neasurenent:

Until recent years, little has been witten on the
subj ect of masking for speech audionetry (Martin, 1975). How
ever the mninumeffective nmasking level to rule out the
the participation of the non-test ear in speech reception

threshol d neasurenent is determned by the sane factors as
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in the case of air conduction pure tone testing.
Thus mninum effective masking level in speech reception
threshol d represented synbolically as foll ows.
M mn = PTL +lA + M + (ACT - PCT)
( Note: largest air bone gap shoul d be added )
If we are finding out the speech reception threshol d
t hrough bone conduction occlusion effect may or nay not
be added dependi ng upon the presence or absence of air
boae gap in the non-test ear. In such a situation the
amount of occlusion effect would be (Martin, 197 ), or

the largest air bone gap.

Martin's nethod (1967) of M ni num naski ng

There are a nunber of masking nethods in use for masking
( Studebaker, 1964; Liden,|1959). The method so far we di scussed
Is the Studebrker's (1964) nethod. Studebaker (1967) hinself
agrees that while these formulae are accurate, thev are tine
consumng and not always practical for clinical use. Mrtin
(1967) has suggested that the fornulae are actually unnece-
ssary and all that is needed is to present to the non-test
ear a level of effective nmasking equal to the air conduction
t hreshol d of the non-test ear.

Expl anat i on:

A signal heard at threshold has a sensation |evel of
OdB. This is regardless of the subject's hearing level (HL),
i .e whet her 80dBH. or 30dPHL. Thus when we present tone to
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the poorer ear and if he responds, whether that is heard
by poorer ear or the opposite ear sensation level is 0 dB
Let us assunme the response as shadow response, Thus in
order to rule out the particiption of the better ear, is
just to mask the tone of 0dBSL. 0dBSL tone is masked

by OdPSRL noise plus effective masking |evel or masking
factor. In order to give 0dB noise, noise should be
presented at the air conduction threshold |evel of the
non-test ear. A r conduction threshold |evel also nain-
tains signal/noise ratio (mentioned el sewhere in this
project).

Thus the ?artin's (1967) formula reads, air conduction
threshold of the non-test ear plus the masking "actor
symbol i cal ly,

Mmn = ACT e + MF

Maski ng nethod for bone conduction sis very nmuch the
same as for air conduction. However, if there is no air
bone gap, occlusion effect for the tested frequency nust
be added, therfore,

Mmn = ACT et ME + CE ( if no air bone gap)

Addi ng of the occlusion effect value nay Lead to over-
maski ng. In such a case it is better to use insert receivers.
The increased interaural attenuation provided by these snal
phones decreases the probability of overmasking (Martin, 1975).

Martin (1974) reviewi ng the mninmum effective masking
| evels in threshold audionetry concludes that " it is advisi-

ble to add approximately |10dB of noise after calibration
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to account tor the inter subject variability with ecspect
to the "effectiveness" of the effective nmasking |evel.
And he calls this as safty factor __ Thus the formula reads,
Mmn = ACT ye + MF + SF
SafetY factor should be, added even for m ninum effective

maski ng | evel for hone conduction.

Liden's (1971) method for minimum effective mesking

| evel

M ninmum effective leve wll be equal to the test ears
air conduction threshod mnus attenuation factor and the
difference between the masked ears air conduction and bone
conduction thresholds. Synbolically,

MEM = Q\ - IA&Q@ }#3

M ni num ef fective nmasking level ( )for hone conducted
signal is equal to the test ears bone conduction threshold
(Pt) plus the difference between the masked cars air condu-

ction and hone conduction thresholds. Synbolically,

FM= Bt +( Am Bm)

Maxi mum ef f ecti ve maski ng | evel :

So far by calculating the m ninmum effective nmasking
| evel needed to mask the test tone in the non-test ear, we
have net the criterion of efficiencv. Now we shail take up
criterion of repurcussion, which says that noise in the non-

test ear should not affect the threshold of the test ear.
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Unfortunately many a tinme the noise inthe non-test ear is
hi gh enough to Irteralize to test ear through bone conduction
and there by affecting thresholds in the test ear. See
transcrani al masking (chapter nunber viii). Thus it is indis-
pensable to find out the maxi num anmount of noise that can
be used in the non-test ear w thout affecting the thresholds
of the test par. Thus calculation of mninmumeffective & Mnax.
masking is of equal inportance to satisfy both the conditions

of how nuch of masking. To quote aloyd (1978),

Just as it is Inportant to determne what the mni num
effective nasking leve is to avoid underworking, it is
equal ly inportant to determne what nxi mum |level of m sklng
can be used w thout overnasking."

Definition O maxi numeffective nasking |evel

It is the highest level of noise that can he presented
to one ear via an earphone before the noise crosses the
skull and shifts the threshold of the opposite ear (Mrtin,
1975) .

Cal cul ation of maxi num effective nmasking |eyel (M nax)

The maxi num nasking that can be used w thout affecting
substantially the threshold of the tested ear depends on the
attenuation of sound travelling fromthe one side to the
other and on the bone conduction |loss of the tested ear"

(St udebaker, 1962) .

To understand this, concept of overmasking should be

nmade cl ear.
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Over maski ng:

Masking noise is presented through an earphone
(air conduction signal). This msking signal should reach
the opposite ear, should be nore than 50dB, since mninmm
interaural attenuation for noise is 50dB ( see interaura
attenuation). Thus presentation |level mnus 50dB reaches
the opposite ear. Let us say xdB. This xdB shoul d be
atieast little above or equal to the bone conduction thre-
shold of the test ear, in order to mask the one in the
test car. Thus ovornmaski ng occurs when,

Even if the crossed signAL is 5 dB less than the
bone conduction threshold of the test ear, overnasking
will not occur. This principle is used in calculating
maxi mum effective masking |evel.

Mmax. = | A (for noise) +BCT- 5dB

Since we present the masking noise always through one
ear phone, irrespective of kind of testing (whether air
conducti on, bone conduction or speech reception threshold
measur enent, suprathreshold audi onetry) the same formul ar
hol ds good for all kinds of testlngq

Thus the nexi num masking is the masker |evel which
is just insufficient to mask the test signal in the test

ear ( Studebaker, 1967).
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Smth's nethod of nasking

Onng to the difficulty in determning how nuch masking
should be used at a particular frequency for a given patient
Smth (1968) gave a new approach to clinical masking
Rational e of the Mt hod:

It takes approxinately the same |evel or intensity of
narrow band noise to cross lateralize fromthe had ear to
the good ear to the bad ear. That is the transmssion | oss
across the skull is approxinmately the same (+ 5dB).

Techni que:

-Establish the unmasked threshold of the test frequency

in the good ear using an interrupted tone.

-Then present 5dBSL pul sed tone continuosly to the sane
ear. This is because tone should be clear to himand
to conpensate for central masking.

-A@ve narrow band noise to the poorer ear, preferably
via insert receiver.

-Increase the level of nasking noise in the poorer ear
until the 5dB SL tone in the good ear is just audible.

-Note down the level of masking noise. Subtract 5dB from
this level. This conpensation for the 5dB added previ ou-
sly in step 3.

-This value is the anmount of narrow band noi se that
shoul d be used in the good ear.

-Repeat this procedure for all test frequencies.
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Thi s amount of nasking wou' d be appropriate in nost
I nstances for masking thegood ear while testing the poorer
ear at that frequency.

Precauti ons. :

1. Wien there is large difference between ears the
maski ng noi se should be increased somewhat to verify
the threshold and

2. As is true of all procedures an air hone gap in

the better ear is still a big problem

M ateau seeking Met hod:

Hood (1960) first reported this techmque. This technique
has been variously called such as, threshold shift procedure,
shadowi ng nmethod. This techniqu e is being used in al nost
all clinics even today.

This nethod consists of the follow ng steps:

- Wenever the danger of cross hearing is indicated

(as nmentioned el esewhere in the project), calculate
m ni num effective |evel masking and introduce noi se
to the better ear.

- Reestablish threshold in the test ear. If thereis

no threshold shift, non-test ear is not participating.
If there is a threshold shift note down the |evel at
whi ch the subject responds and the level of the noise
and procede to the next step.

- Increase the noise level in the non-test ear by 5 or

10dB and again note down the |evel at which he responds

and the |level of the noise.
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- The process should be reported, until the subject
shows no further shifts wth increase in noise in
the better ear. Then the |evel of the noise can
be increased several tines (20-30dB) w thout
shifting the threshold in the test ear, the
‘pl ateau’ has been reached. The | evel at which
pl ateau was reached is the threshol d.
-Further increase in noise will shift the threshold
again. This is due to overnasking.

Figure 22 illustrates the plateau nethod.

In the figure,

a) undermasking, i.e both tone and the noise are

stimulating the non-test ear.

b) plateau i.e tone is stimulating test ear and

noi se stimulating the non-test ear.

c) overnaski ng, both noise and tone stimulating

the test ear.

Probl em of overnmaski ng plague all the nasking rethods
including the plateau nethod (Martin, 1975). Larger the
air bone gap, the narrower the plateau and snaller the
air bone gap, the broader the pl ateau.

Masked t hreshol d:

Masked threshold is the actual threshold of the patient
obtained by ruling out the participation of the non-test
ear. Before plotting the nmasked threshold student shoul d

consi der the follow ng suggestions.
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1. To use appropriate synbols to indicate air condu-
ction, bone conduction with and w thout masking.
Synbols are illustrated in the table 6. and
2. 5dB should be subtracted fromthe obtained thre-
shold value due to central masking (see chapter

viiio ).
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Chapter VI
MASKI NG | N SUPRA- THRESHOLD AUDI OVETRY
WHEN AND HOW MJUCH

Nowwe know when and how nuch shoul d be masked i n
t hreshol d audi onetry. Let us now consider when and how
maski ng shou d e done/perforned in supra-threshold
audi onetry in this chapter

VWhen to mask

In threshold audirnmetry we said mask the opposite
ear whenever the presentation |level mnurs the interaura
attenuation value is higher or equal to the bone
conduction threshold of the opposite ear at that respective
frequency. W know in supra-threshold audionmetry presentation
| evel s are always higher. Thus it is evident that the |evel
of the presentation vary often will exceed the bone condu-
ction threshold of the non-test ear, by nore than dB
Thus for practical reasons nasking is always necessary in
supra-threshol d audi onmetry. Since the mechnni sm of cross
hearing is sane even in supra-threshold audionetry,i.e, the
rules for when to mask do not vary.

How much to mask:

As in the case of threshold audionetry, we have to
satisfy the two criteriae. Thus accordingly we have to
cal culate m nimum effective masking |evel and naxi mum

ef fective masking level. Since sane respective factors are

72
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are involved in. mninmm and maxi nrum effective masking |evels
for suprathreshold audionetry as in the case of threshold
audi onetry, formulae do not vary. Expl anations for these
formul a have been given earlier, hence here they are
just synbolically represented under each conventiona
supra threshold test.

1. WMasking in,speech discrimnation testing

VWhen:
PTL - 1A > Test BCT
NTE

How much:

Mmn = FT -1A+ M + (ACT BCT)
Mmax = BCT = + | A -5dB

As the frequency spectrum of speech covers A LARGE
proportion of the audiorange a w de band noise is needed
to mask it. Speech noise can also be used. ne of these
noi se is a nust.

Wi | e masking through insert rcciever interaurral
attenuation for noise should be taken as 60dB instead of
50dP. See insert receiver (chapter IX )Wile calculating
M max best be or average bone conduction should be taken
into account. Care should be taken to not exceed patient's

t hreshold of disconfort.
2. Maskinginlncrenent Senitivitylndex

There is considerable controversy in using contral ateral.
maski ng while admnistering SISI test, Blegrad Terki dsen
(1967) showed that contral ateral masking would inprove the
difference inmen for intensity on the mddle and high

frequency range.
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GCsterhanmmel et.al (1969) while studying evoked responses
to SISI stimuli with contralateral masking concl uded that
enhancenment of 2,3 and 5dB increnent occurs by the appli-
cation of contralateral nasking noise.

Plegrad (1969) tested the influence of contraterral
maski ng on SISI scores in unilatera perceptive hearing |oss
cases. He found significant inpruvenent in the intensity
discrimnation at 1 and 4KHz. He concluded that with a few
exception, the masking had no significance for the result
of the topognostic SISl test usinG |dB increnent.

Smal | (1961) while studing the testshold pen sw ngs
as a function of mnmasker leve in the contralateral ear
concl uded that nasker |evel had no significant effect.

Only further research mav help us in solving this pro-
bl em whether to mask or not to mask. However. Martin (1975)
suggest s it is appropriate to mask during any auditory
test when there is daner of cross hearing of the signal."
Martin '1975) recommends the use of mninum masking in SIS
t est.

When to mask:

SISl PTL -1 A> BCTnre

How AMUCH t o nask:

M1 n SISl PTL - IA + (ACT-PCT) +MF

PCT. =+ IA -5dB
TE

M nmax
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3. Masking in Tone-Decay test:

Maski ng of the non-test ear is necessary in tesing
adaptation at threshold in many patients with uni ateral
heai ng | oss. Qherw se case of a presence of tone decay
nay give noderate tone decay, or negative tone decay.

But masking of thenont-test ear is found to have
sone influence on tone decay. For exanple Bl egrad (1967)
noted wi der spparation of the Bekesy tracings with contra-
| at eral naski ng whi ch was frequency dependent. Snashall
(1974) also obtained simlar results. Hower, it is
appropriate to nmask during ny ruditory test when there
Is a danger of cross hearing (Martin, 1978).

Plegard Josephson (1971), as quoted by Sn shall.
(1974) have recommedned that contrclateral nasking shoul d
al ways be sued with tone decay tests in order to avoid
fal se negative results. Snashall (1974) prefers to nmask
tone decny test as little as possible to avoid unnecessary
alarns due to false positive results. However, artin(l978)
advocates not to use mni nummnasking since the |evel of the
signal may be constantly increased during a threshold tone
decay test.

The effect of contral ateral masking was greatest for
the nost sensitive tests of tone decay (Snashall, 1974).

WHen to nask:
PTL -1 A > BCT &

How much msking:
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Mmn = TDI PTL - IA+ MF + (ACT - BCT)
Mmax = BCT g +HHA -5dB
Mechani sm of maski ng effects:
1. It could be argued that cross maski ng occured
wi th higher |evel of masking used there by
I ncreasing the anmount of tone decav.
2. Another possibility is that the toe decay assess-
nment w thout nasking was due 'o cross hearing.

It Is possible wth interanra" difference of 2dB.

4 Msking in Bkey adasry.

e of the chief fields of application of Bakesy
audi oneter is and al wys seen differential diagnosis in

cochl ear and retrococh car esions, fact which is of
the greatest actuality in patients with unilateral percep-
tive hearing loss." (Pl egVad, 1968).

Thus danger of cross hearing is nore |ikeiy, and
al nost nefessiates contralateral masking in alnost all
situations. Unfortun-tely till now masking problemin
Bekesy audionetry is unresol ved.

This problem exists mainly because of two reasons.

1. Because of re ative changes in the audi ogans due
to contra ateral nasking, (1968) reports
followi ng changes in audiogramwth contra ateral
maski ng.

a. the masking noise is found to incye se the

sooaration between interrupted and conti nous

t one.
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b. marked reduction in the tracing anplitude
of fixed. frequency in continuous tractings.
c. nornmal individual changes fromtype to
type IV patterns. In sone patients changes
fromtype Il to type IV can |so occur.

And he concluded that the resut is derisively influenced
by the masking delivered to the non-test ear.

Young (1968) while studying ippialteral masking effects
concl uded that anplitude were not effected by masking
intensity level and by different nasking stiml

2. The anount of contrlaterstionmaskingto be used in

Bekesy -udionetry is nore difficult to define than
for other procedures, since the signal is not onlv
changing in intensity but in frequency as well
(Martin, 1975).

However follow ng clinical nasking nethods are bei ng
tried.

1. using naxi num naski ng nmethod (Martin, 1976)

2. using 80dBSPL white noi se irrespective of whatever

the hearing threshold of the better ear (Bl egvad,
1968) and
3. autonmatic nasking procedure: In this procedure noise
Is presented to the non-test ear autonatically.
The noise level is coupled to the test signal atte-
nuator so that the noise level at the non-test ear

is always just above the test signal attenuator,
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mnus the interaural attenuation plus the occl usion
effect. The clinician has to use a secondary atte-
nuator in order to increase the noise |evel above
this value when an air bone gap is present in the

nmasked ear.



Chapter M|
MASKING | N EVMCKED RES NSE AUDI OMETRY

As is the case in subjective audionmetry bone conduc-
tion tones can be cross heard at a value as lowas 0 to 5dB
I nfl uencing the evoked potential of theside under exam na-
tion. This disturbing effect cannot be elimnated by |eadi ng
the acoustic evoked potentltals fromthe contral otera
cerebral hem sphere. The patient with unilateral deafness
showed no difference in charpcterisitcs between ipsilatera
and contraltcral stimulation by hone conduction. The only
way to avoid cross hearing is tusking the opposite ear just
as in subjective audionetry (Freigang et.al,1974). Their
studv also indicated that exam nation of the shadow curves
for patients with unllateral deafness by neans of evoked
response audi onetry showed, sane val ues as by subjective
audi onetry. This suggest that the yules of maski ng common
I n conventional threshold audionetry should be used in

evoked response audionetry to elimnate cooss hearing.

Thus nask the opposite ear when the presentation |eve
of theclick mnus the interaural attenuation is equal or
greater than the bone conduction threshold of the opposite

ear. Synbolically,

Mask when;
PTL(of clicks) - IA(for Aicks) > BCT e (for
clicks)
How rmuch

Mmn = PIL (fof click) -1A(fcr clicks) + air bone

gap + M.
79
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M mx = 1A (for clicks) + BCT \g -5dB

When we give noise to the non-test ear and clicks to
the test ear, in evoked response fudionetry student may get
a doubt that noise wll influence the Cortical evoked
potential there by affecting the test result. But this is
not the case. Haden (1972) while studying the nasking
noise and it's effect upon the human cortical evoked poten-
tial concluded that " with binarual stimulation the brain
responds only to the distinct clear cut stimulus nore or
| ess ignoring the steady state masking noi se even at a
hi gher intensity |evel. Thus continous nasking noise will
be effective centrally and seemto have no influence upon
the sumation of the human cortical evoked potential.

Maski ng in el ectrocochl eography

Maski ng in el ectrocochl eography is not necessarv
t hough cross hearing occurs, because of the follow ng
reasons.
1. Since the clicks are presented through | oud speaker
ina sound field situation (Aran,1971) rnd
2.Action potential is peripheral neural response of
the cochlear nerve, which in a practical sense,
woul d not be subject to the influence of centra
activity, and is independent of the opposite

ear (Yoshie, 1973).



Chapter VI 1|
WHAT ARE THE TYPES OF MASKI NG

1. Central nasking:

In the very first chapter we learnt that nasking is an
| psi |l ateral phenonenon. Fromthis concept we understood
that nmasker can exert nasking effect, on the nmaskee only
I f bot he masker and nmaskee are resented to the sane
ear. The exception to this is the central nsking.

Let us take for exanple a nornal person having QP
thresholds in both the ears. And when a | ow | evel of
masker of insufficient intensity to cross the skull to
the opposite ear is introduced into one ear, it tends to
produce a snall threshold shift in the other ear. This
threshold shfit is called " centraL masking."

Central masking occurS when the test sound is presented
to one ear and nasking sound to the other ear. Central
masking is a very snaller effect when conpared to Mnaural
masking. D fferent authors have got different anount o"
threshold shifts due to central nasking. However Martin(l975)
states that the threshold shift averages about 5dB. The
amount of threshold shift increase wth,

- the intensity of the nasker (Studebaker,| 962)

- the increase in frequency of the test tone Snyder,

1973) and
- the decrease in nasker band wi dth (Snyder, 1973).

Wegel & Lane (1924) were anong the first investigators

81
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to report changes in thresholds in the test ear when a
maski ng tone was delivered sumultaneously to the non-test
ear at low intensity levels. S nce then many -uthors have
studi ed about the phenonmenon and have contributed to the
know edge of central nasking. Gsterhammel (1969) studied

t her phenonenon objectively through evoked cortical resp-
onses. In his experinment 5dB incrinments over the continous
tone at rhreshoid, in the presence of contral ateral mnasking
noise did not brina any chnge in evoked cortical responses
and thus giving on objective evidcnce for central masking.

This elevation in threshold nay be because of

1. districting effect, however, " nost investigators
tend to peject any distracting effect of the nasking
noi se as a factor in central masking" 'Mnzel,|968).

2. Inhibition that is sent down fromthe auditory centres
in the brain and has therefore been called " central
maski ng" (Martin, 1975) and,

3. Wien a fairly high masking level is presented, it
nay activate the mddle earmmuscles resulting in a
resulting in a shift in the threshold in both ears
even though only one ear is exposed to masking
noi se (Menzel , 1968).

Qut of these 3 explanation the second explanation is
w del y accept ed.
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dinical application

Central masking may never becone a routine clinica
tool because of the smallness of the threshold shifts it
produces. Nevertheless it could play a role in clinica
research aimng at understanding of neural pathol ogies"

(2w sl ocki, 1971).
According to Menzel (1968), the error that is likely
to result by ignoring the central nasking phenonenon is
not likely to charge, however Martin (1975) suggest,
5dP shou d be subtracted fromthe threshold val ues obtai ned
to commensate for central masking. and he recommends this
for both pure tone threshold and speech reception threshol d.
Menzel (1968) suggest the follow ng technique. If
there is a suspicion that the central nasking effect is
unusual |y | ar ge,
1. mask the poorer ear and reestablish thresholds for
the better ear. Naturally the threshol ds shoul d
not be shifted. If they are then the extent of such
shift should be an indication of central masking
factor.

2. nodified Rainvaille technique.

2. Renote naski ng:

Renot e maski ng describes threshold shifts in the sanme
ear produced by nasker in a different frequency region

fromthat of nmaskee, (Ward, 1966). For exanple the nasking
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produced in | ow frequency regions by high frequencies.

There are two theories to explain this phenonenon:

1. Renote masking results from usymmetrical nechanica
action in the inner ear that generates broad band
noise within the inner ear. The brord brnd noi se
Is said to nask tones at frequencies renote from
and bel ow the narrow band masker.

2. Renote masking is the result of attenuation provi-
ded by the acoustic reflex.

Karl ovich & Gsier (1977) concluded that two tone

conpl exes adds support to the hypothesis that renote nasking
Is primarily a result of aural distortion, i.e unsymetrica
nmechani csl action in.the inner ear.

Keith & Anderson (1969), while investigating renote
maski ng with cochl ear inpairnment, concluded thrt dua
mechanismof mddle ear plus inner ear activity is a nore
suitable explanation of renote nmasking than ither theory
al one.

dinical application:

Renot e maski ng val ues indeed reduced symmetrical ly
In bothe ears and progressively as a result of aging. Thus
renote maski ng denonstrates the exi stence of cochlear
conducti ve presbycusis and can be considered as a usef ul
test of stiffness of the cochlear partition.

Transcranl al Maski ng:

Transcrani al maski ng conmes -bout because the ears connot
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be conpletely insulated from each other acoustically. The
masker of sufficient intensity |eaks around the head and
produces nmasking in the opposite ear ("Ward, 1968).
Transcranial masking' is a contralateral phenonnenon,
in the sane masker is in one ear, the Maskee in the other.
They may be either direct or renote depending upon the
frequencies of the masker and maskee. Transcranial masking
wi || behave just like ipsilateral nasking except that a
hi gher level wll regressed to produce any "effect at all.

Cinical application

Transcranial masking or cross masking clinically helps
in limMting the audiologist to use appropriate level of

maxi mum maski ng but not bevond that |evel.

I psilateral masking:

In ipsilateral nmasking the test tone and the Masking
signal are presented in the sane ear.

Cinical application

I psilateral rasking phenonmenon is widely used in clinical

situations to calaulate the effective level of masking

noi ses.



Chapter IX
PROBLEMS | N MASHI NG
1. Masking in children:

The child who has grown up and can follow instruction
wi || not pose any problemto the clinician, but the younger
child does.

This is especially true in the case of difficult-to-
test. To quote " Audiol ogist has been often unsucessfu
in his attenpts to obtain threshold data in difficult-to-
test" (Lloyd et.al., 1968).

Lloyd et.al. (1968) have described a TROCA procedure,
by which they coul d successfully get nasked threholds, in
cases wth unilateral hearing |oss.

The procdure is as follows:

The procedure consists of 3 phases.

1. Establishing stimulus control inqulet. This is done

by,

-determning reinforcers.

-establishing response to discrimnative
stinulus using operant conditioning
-stimulus generalization in terns of
frequency and intensity

-if the child does not wear earphone,

aut hors sugggst to enploy tine out.

2. Establishing stinulus control in background noi se(white)
-same procedure as above.

3. Once this stinulus control is established in background

86
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noi se condi tion, masked thresholds can be obt ined
using enpirical nethods of clinical Masking.
2. Nauntpn's D | emma
The clinicnt adiologist is often confronted with a
rather frustrating situation in nost cases of noderately
severe bilateral conductive hearing |oss cases, (Naunton,
1960). This is because there is a definite need for de-
quate rasking, but it is virtually inpossible to adequately
mask with conventional earphones. This is illustrated in

the foll owi ng exanpl e.

Ri ght ear Left ear
ACT 50dB 5QdB
PCT ? dB

In this case we cannot get true threshold of the right
ear becausd for both air conducti on and bone conduction

tesing m nimum nmasking is equals to maxi num maski ng.

AC M n = 50 - 40 + 50
= 60dB

PC Mn = 0+ 50
=50dB

Maxi mum masking = 0 + 50dB = 50dB.
Expl anati on
1. A marked air bone gap in the non-test ear increases

the mninmum effective |level masking and does not alter the

maxi mum perm ssi ble |evel.

2. A marked air bone gap in the test ear reduces the



88

test signal level, but not the noise level at the

test cochlear Therefore maxinmum perm ssible |eve

is decreased.

In other words mninum masking |evel increase and
maxi mum Maski ng |eval decreases resulting in subjects
with noderately Severe conductive hearing loss in both
ears or whenever the air bone gap exceeds the val ue of
interaural attenuation.

This probler can be solved in two ways.

1. Using an jnsert receiver:

Use of insert receiver increases the interaura
attenuation value for noise there by increasing the
maxi mum perm ssi bl e noi se. Thus

M x= 0+70 ( interaural attenuation for insert
reveiver).

Thus max is more than M min, so nasking can be

done.

2.Using ipsilateral reflex: as suggested by

Vynsanmurthy (1980). If ipsilrteral reflex is present
inthe right ear, it is sensori-neural |oss. Thus bone
conduction is equals to air conduction i.e. air conduction
threshold is 50dB and bone conduction threshold is 50dB

(In sensori-neural loss air conduction threshold is

equal s to bone conduction threshold). Now Mnin is |ess
than M X therefore masking should help this case.

But cannot find the true bone condul ation threshol d.



produced in | ow frequency regions by big- frequencies.

There are two theories to explain this phenonenon:

1. Renote masking results fromunsymetrical nechanical
action in the inner ear that generates broad bond
noise within the inner err. The broad band noi se
Is said to nask tones at frequencies renote from
and bel ow the narrow band masker.

2. Renote nmasking is the result of attenuation provi-
ded by the acoustic reflex.

Karlovich & Gsier (1977) concluded that two tone

conpl exes adds support to the hypothesis that renote nasking
Is primarily a result of aural distortion, i.e unsyntetrica
nmechani cal action in the inner ear.

Keith & Anderson (1969), while investigating renote
maski ng with cochl ear inpairnent, concluded that dual
mechanismof mddle ear plus inner ear activity is a nore
suitabl e explanation of renmote masking than ither theory
al one.

_____ dinical application:

" Renote nasking val ues indeed reduced symmetrically

In bothe ears and progressively as a result of aging.. Thus
renot e maski ng denonstrates the existence of cochl ear
conduct i ve presbycusis and can be considered as a usefu
test of stiffness of the cochlear partition.

Transcranial Maski ng

Transcrani al maski ng cones bout because the ears canal



be conpletely insulated fromeach other acoustically. The
masker of sufficient intensity |eaks around the head and
produces masking in the oppositc ear ward,| 968).
Transcranial nasking is a contral ateral phenonnenon,
in the sanme nasker is in one ear, the naskee in the other.
They may be either direct or renote dependi ng upon the
feequenci es of the masker and naskee. Transcrani al masking
will behave just like ipsilateral nasking except that a
hi gher level will regressed to produce any aeffect at all.

Ainical application

Transcrani al masking or cross masking clinically hel ps
inlimting the audiol ogist to use appropriate |evel of

maxi mum naski ng but not beyond that |evel.

| psi | ateral nasking:

In ipsilrteral nmasking the test tone and the masking
signal are presented in the sane ear.

Ainical application:

| psil ateral nasking phenonenon is widely used in clinica
Ssituations to calaulate the effective level of masking

noi ses.



Chapt er I X !
PROBLEMS | N MASKI NG

1. WMasking in children:

The child who has grown up and can follow instruction
will not pose any problemto the clinician, but the younger
child does.

This is especially true in the case of difficult-to-
test. To quote " Audiologist has been often unsucessful
in his attenpts to obtain threshold data in difficult-to-
test"” (Lloyd et.al., 1968).

LIoyd et.al. (1968) have described a TROCA procedure,
by which they could sucessfully get masked thresholds, in
cases with unilateral hearing |oss.

The produre is as follows:

The procedure consists of 3 phases.
1. Establishing stinmulus control inquiet. This is done
by,

-determning reinforcers.
-establishing response to discrimntive
stimulus using operant conditioning
-stinmulus generalization in terns of
frequency and intensity
-if the child does not wear earphone,
aut hors sugggst to enploy tine out.

2. Establishing stimulus control in background noise(white
-sane procedure as above.

3. Once this stinmulus control is established in background

86
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noi se condi ti on, nasked threshol ds can be obtai ned
using enpirical nethods of clinical masking.

2. Naunton's DIl ema

The clinical audiologist is often confronted with a
rather frustrating situation in nost cases of noderately
severe bilateral conductive hearing |oss cases, (Naunton,
1960). This is because there is a definite need for de-
quate masking, but it is virtually inpossible to rdequately
mask with conventional earphones. This is illustrated in

the follow ng exanple.

Ri ght ear Left ear
ACT 50dB 50dB
PCT ? . dB

In this case we cannot get true threshold of the right
ear becausd for both air conduction and bone conducti on

tesing mninmum masking is equals to maxi num maski ng.

AC Mn = 50 - 40 + 50
= 60dB

PC Mn = 0+ 50
=50dB

Maxi mum masking = 0 + 50dB = 50dB.

Expl anati on

1. A marked air hone gap in the non-test ear increases
the m ninum effective level masking and does not alte the

maxi mum perm ssi ble | evel.

2. A marked air bone gap in the test ear reduces the
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test signal level, but not the noise level at the

test cochl enx. Therefore nmaxi num perm ssible |eve

is decreased.

In other words m ni num maski ng | evel increases and
maxi mum maski ng | evel decreases resulting in subjects
with noderately severe conductive hearing loss in both
ears or whenever the air bone gap exceeds the val ue of
interaural attenuation.

This problem can be solved in two ways.

1. Using an insert receiver:

Use of insert receiver increases the interaura
attenuation value for noise there by increasing the
maxi mum perm ssi bl e noi se. Thus

Mmax = 0470 ( interaural attenuation for insert

receiver).

Thus M nmax is nore than M mn, so nasking can be
done.

2. Using ipsilateral reflex: as suggsted be

Vyasanmurthy (1980). If ipsilateral reflex is present

in the right car, it is sehsori-neural |oss. Thus bone
conduction is equals to air conduction i.e. air conduction
threshold is 50dB and bone conduction threshold is 50dB
(I'n sensori-neural loss air conduction threshold is

equal s to bone conduction threshold). Now MMn is |ess
than WMmx therefore masking should help this case.

But cannot find the true bone conducation threshol d.
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This is illustrated bel ow.

Mmn =50 + 50=100

M max =50 + 50 = 100

At this point vyrsanmurthy (1989) suggests a genera
rul e.

"“1f an unmasked audi ogram shows bil ateral noderate/
noderately severe/severe hearing |loss with normal bone
conduction thresholds or significant air bone gap with
affected bone conduction thresholds and if one of the ear
is found to be sensori-neural |oss through inpedance
audi ometrv, the true bone conduction thresholds of the
sensorineural hearing loss can be determ ned by masking
the non-test ear provided the air bone gap of the non-test
ear does not exceed 30dB."

Thus in ourexanpl e,

If we reduce the air bone gap to 30dB the m ni mum
naski ng: noi se decreases to 80dB, and naxi num noi se | evel
remai ns sanme. Since there is difference of 20dB, between
two extrene val ue, one can get the plateau, and establish
t he threshol d.

Finally this problem can also be solved by using inser
receiver, which increases the maxi num noise level to 120dB
(Note: This holds good if only the audi onetric noi se output
is 120dB).

| nsert Receivers:

In a Naunton's dilemma case we learnt that, there is
an indi spensable need to increase the interaural nttenuation

(for noise) to establish the actual thresholds.
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And we know from the report of 2Zw sl ocki (1953), that
hi ghest interaural attenuation was given by the transducer
with an insert plug. He observed that interpural attenuation
for three earphones correspond inversly to the ratios of
head areas exposed to sound prossure. Thus interaual
attenuation is dpendent on the type of transducer used.

' The obvious so ution, therefore is to a smaller
transducer, that is one which provides nore interaura
attenuati on.

In the paSt, theconmon hearing aid type of inserts
have been used, to increase the amount of interaura
attenuati on. However Lescouflair (19741 recomended not
to use common hearing aid type ofinsert receiver because

of follow ng reasons:

1. Firstly, large differences of interanral attenuation
are found by different authors.

2. Secondly, in clinical use the iasert earphone
for e-ch patient and trying to fit it for various
ear canal sizes is not particularly agreeable
choi ce.

3. Changes in sound pressure at the ear occur due to
variation in insertion and pressure. Consequently
great caution in their use for nmasking is recomended.
Finally it is the difficulty of adequately calibrating

to obtain known nmasking levels at different frequencie
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By observing above difficulties escouflair (l974)
devi sed a nasking transducer. He reported interaura
attenuation of the new device to exceed by 25-30dB over
the supra and al earphones and 16-34dB better than
hearing aid type of receivers, and nore reliable. The nore
he recomrends it as a supplinmenting tool to the clinician
for masking in all cases, where other types of transducers

are i nadequat e.



1. Does the audi ogram show cross hearing for air

conducti on? Expl ai n

2. Does the audi ogram show cross hearing for
conducti on? Expl ai n.
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Answer: 1. No, because difference between left air
tion threshold and right bone conduction

thresholdis not nore than 40dB.

2. Yest since interaur 1 atenuatlon

for

conduction is zwo, left bone conduction

response could be the response of
ti ght cochl ea.
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1. Wiat do the right unnasked threshol ds represent?

2. To obt in_the actual threshold which ear should
be masked?
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Answer s : 1. Shal owr esponses use denger of cross hearingisindicated

2. Aways better ear should be masked. Hence, here
left "e r shoul d be nmasked.

3. Rt. Conductive hearing | oss.
Rt. Mxed hearing |oss
Rt. total |oss.
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=

Is there a need for nmasking Explain.

N

In which ear masking noise should he delivered?

3. Calculate the anount of noise to he delivered for
air conduction testing (in effective level).

4. Calcualte the anobunt of noise to be deliverd during
bone conduction testing (ineffective Level).
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Answers: 1. Yes msking is necessary during air ponduction
testing only,at 4KHz, because danger of cross

hearing is indicated. And in bone conductrin testing a
2. Left ear shold be masked.

3)At zk 20 dB. at 41.30dB at 8k 30dB
4) . At 250 50dB, At 500 45Db, al 1k 35dB,al 2k 25dB,cl -4



95
1. Shy were bone conduction thresholds only masked?

2. Is thre a necessity to apply masking during aer
corduction testing?
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Answers: 1. Yes, there is a necessity, air one gap
exist in both ears.

2. Not necessary to apply masking during air

condutction testing because, difference between

ahr c nqu tion threshol ds and bone conduction
toagaBo s of the opposite ear does not anount
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1. Is there any fault in plotting the audiogranf
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Answer: 1. Nothing wong, approprjate synbols have
been uSed.
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1. Comment on 'he unnmasked and nasked results?
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Answer: 1. Audiogram showi ng right conddctive |oss
when masking was not applied to better ear (left
ear. Wth the masking noise to the left
| eft ear, audionetric, pattern/intoright /changed
m xed | 0ss.
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1. How do masked thresholds differ from unnasked
t hr eshol d?

2. |Is threshold shift significant?

3. Wat is your next test?
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l A J,
A nswer .

1. Masked t hreshol ds differs fromunmrasksed
threshold by 5dB. This could be due to
central masking

2. No.

3. To get masked bone conduction threshold of
the left ear.



99

1. Way was masking noise presented to the left ear when
t he speech reception threshold was abtained in the
right ear?

2. \Wy was nasking noi se app ied to obtain discrimnation
score in the right ear?

3.
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1. Maskingis not necessary because the difference betwen SRT
of theright ear and best bone conducti ont hreshol d of t he

2. Since presentation evel was increased by 40dB. danger
of cross hearing is indicated, So nasking was appli ed.
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1. |s maski ng needed? expl ai n.

2. Wiile admnistering STAT, how nuch noi se shoul d be
delivered to the non test ear?
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Answer: 1. No, when no significant air bone gap exists

in a bilateral symetrical | oss bne conduction
can be tested fromone nmastoid cnly and wi t hout
maSKi ng.

2. 90dBSPL
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1. Do you mask the laft ear while admnistering nodified

S99 tesT?

Cal cul ate mni num and nmaxi num naski ng for adm ni stering
nodified SIS test, at 2KHz, and 4KHz.

3. Cal ucul ate nmaxi mum mmsking for conventional SIS test
and nodified SISl test an 1KHz.

4. How is that maxi nrum nmasking for conventional SIS
and nodified SS9 are sane?
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Answer: 1. Yes. SS' nodifiedtest is admnistered at 75dPBH.
hence there is chance for cross hearing.

2.M M n. =86dB. M max=85dB.

3. Max. noise for coventional 9S8 is 85dB
Max. noise for nodified SISI is a so 85dB.

4 Because noi se i s presont ed t hrough sane ear phone
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1. there a need to nmask during tone decay test

l's
(Ason test) at 2K and 4K?
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Answer: 1. Yes. Because tone decay ( 1sen) test is
admni stered at 20 dBS1. Thus when we give
50dB bove tone to left ear, there is
chance for cross hearing.
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