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CHAPTER 1

| NTRCDUCTI ON

‘Masking Factor' is one of the inportant variables in
clinical masking. |If the masking noise used in nasking the
test tones is not effective, whatever care taken to calcul ate
the opti mumnasking |level (to rule out the participation of
non-test ear) would be futile. Thus it is essential that
the audi ol ogi st nust make sure of the masking factor of the

maski ng noi se used in getting the masked threshol ds.

The nethods for determning nasking factor suggested

by Studebaker (1964) and Martin (1967) are as foll ows:

St udebaker' s Met hod:

A two channel clinical audioneter in which tone and
noi se can be switched into a single earphone with the |evel
of each stimulus controlled by its own attenuator. M ni num
masking level is obtained by neasuring the threshold of the
stimilus (pure-tone or speech) in presence of varying anmounts

of noise presented to a single ear of nornal hearing subjects.

I ntroduce about 10 dB noise into the earphone and obtain
threshold of t he test stimulus. Increase the noise to 20 dB
and again find the test tone threshold. This is repeated at
succeeding 10 dB increnments of noise until it becones clear
that a 10 dB increase in noise results in approxinately'a

10 dB increase in threshol d.



Figure 1 bel ow shows the expected relationship and
shows one way to obtain the value of the m ni num masking |evel.
A point on this threshold curve which nmakes a 45° angl e appro-
ximately with the abscissa is taken and fromthis point a line
is dropped onto the abscissa. Another horizontal |ine from
the sane point on the threshold curve to ordinate is drawn.
The m nimum nmasking is then the difference between the point

on the abscissa and the point on the ordinate.

An alternative nethod to the above is, to take the
nmedi an of the difference between the levels of the two stinmnuli
at at |east three successive masking noise intensities in a
region where the difference appears to remain fairly constant.

This is less affected by the results at any given point.

Martin's Met hod: '

Sel ect a group of reliable normal hearing subjects.
I ntroduce a pure-tone of 30 dB HL into one ear and a maski ng
noise into the sane ear. Increase the noise intensity unti
the tone is just masked out. Tonal presentation should be a-
periodi c and about one second in duration. Then for each
frequency 30 dB can be subtracted from each masking | evel

and that level is regarded as 0 dB EM

The instrunent used for this purpose was a two-channe
audi oneter, one supplying noise and other a pure-tone which

can be fed into a single earphone.
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The above nethods show that the nasking factor is deter-
mned by presenting pul sed tone in presence of continuous noise
(ipsilateral masking). Further, the nmethods of nasking indi-
cate that the tone should be presented to the test ear for
brief intervals in the presence of cal culated anount of con-
tinuous noise in the non-test ear. In nany clinical audio-
nmeters there will be no provision to interrupt the noise i.e.
si mul taneous presentation of tone and noise to the two ears
or one ear for brief intervals is not possible. This
clearly indicates that if such audioneters are used, the
audi ol ogist will have to present the tone for brief intervals
In the presence of continuous noise in the non-test ear or

test ear (ipsilateral masking).

There are al so audi oneters whi ch have provision for
presenting tone and noise for beief intervals sinulta-
neously. Audioneters |ike, Beltone 200 C and Maico NMNA 22
have provision to present noise and tones for beief intervals

si mul t aneousl vy.

A question arises whether the nethod of presentation of
tone and noise in finding masking factor or in finding nasked

threshol ds has any influence on the results. This problem

has any f nfl uenceontheresul ts. Theavail abl eliteratureshowsthat the

above probl emhas not been studi ed.



The present study attenpts to find whether the nethods
of presentation of tone and noise woul d bring about significant

differences in the results.

Hypot hesi s
The present study was undertaken to verify the follow ng
Nul | -Hypothesis. There is no significant differences between

maski ng factor values obtained using the two masking proce-

dures namel y.

1. Tone and noi se presented sinmultaneously for
brief intervals through a single earphone.

2. Pulsed tone and conti naous noi se presented

si mul taneously through a single earphone.



Definitions G The Terns Wsed!

1. Air-Conduction:

The neasurenent nade with the air-conducti on earphones

of an audi oneter that checks the hearing sensitivity of the

entire auditory system

2. Pure-tone:

A tone of only one frequency (i.e. no harnonics).

3. Pul sed-tone:

It is a pure-tone which has 50 mseconds rise decay
time and 200 msecond duration of the tone. This tone has

air interstimulus duration of 1.5 seconds.

4. Narrow Band- Noi se:

A restricted band of frequencies surrounding a parti-
cular frequency to be nmasked. It is obtained by band-pass

-filtering of broad-band-noi se.

5. Maski ng:

The process by which the threshold of a sound (Maskee)
Is elevated by the simultaneous introduction of another

sound ( Masker).

1. Taken from Fredrick N Martin, Introduction to Audi ol ogy
(Englewood diffs, NJ: Prentice-Hall, 1975;, pp. 117-118.




6. Effective Masking (EM:

The mni num amount of noise required just ato mask
out a signal (under the sane earphone) at a given hearing
threshold level (eg., 40 dB EMw || just mask out a 40 dB
HTL signal).

7. M ni mum Maski ng Level Z
The masking noi se level just sufficient to nask the

test signal in the masked ear.

8. Msking factor®

Masking factor = Noise level in dB H. - tone |evel

2. Taken from Jack Katz, Hard book of dinical Audi ol ogy
2nd ed. (Wllians & WIkins, Baltinore, 1978), pp.130.

in dB H



CHAPTER 2

METHCDOLOGY

Subj ect s:

The subjects were 10 adults (5 nales and 5 fenal es)
with a mean age of 19.2 years with no previous history of
ear or hearing disorders. None of themhad hearing | oss.
Their hearing was better than 15 dB HL (ANSI -1969) for the
octave frequencies 250 Hz to 8000 Hz.

Appar at us:

Al te sting was done using a Beltone 200 C clinical

audi oneter with TDH 49 earphones enclosed in MX 41/ AR cushi on.

Beltone 200 C is a double channel clinical audioneter.
Wiile performng pure-tone audionetry, noise can be presented

either in the same ear or in the opposite ear.

Two types of noise are available for pure-tone masking,
that is, white noise and narrow band noi se. Sel ection of
noi se is done by sinply adjusting the channel two frequency

and input dial to narrowband noise or w de-band noi se.

Presentations of the pure-tone can be determned using
tone reversing switch, that is, the tone either be "nornally-on"

or "normal ly-of f".



The autormatic or manual switch provides automatic or

manual tone production. |f automatic position is selected,
the tone will be presented at the rate of 0.3 seconds "on"
and 0.3 seconds "off". If manual position is chosen, the

tone can be interrupted using the interrupter switch. Simlar
control is available for noise stimili on the channel -two.
So noise can also be presented sinmultaneously and either

pul sed or continuous.

Figure 2 can best illustrate the operational availabilitie

in Beltone 200 C

The&pobs on the two channels are as foll ows:

Channel 1 Channel 2
1. Tone reversing swtch on 4. Tone reversing swtch on
of f of f
2. Auto switch R 5. Auto switch on
of f of f
3. Interrupter Depressed 6. Interrupter Depressed
Rel eased Rel eased

The mani pul ati on of knobs of the audionmeter will give

the desired output in desired form Here 5 conditions are

descri bed.
Condition 1
Channel 1 Channel 2
1. Tone reversing switch - on 4. Tone reversing switch - on
2. Auto switch - on 5. Auto switch - on

3. Interrupter - released 6. Interrupter - rel eased


TCI3
OR

TCI3
on

TCI3
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FRONT PANEL | NDI CATORS, GONTRCL KNOBS OF BELTONE 200- C

(A3
(BB)
(QO
(DD
(EB)
(FF)
(&3
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- Qut put (Hearing level control).
- Tone Interrupter.
- Tone 'on' |anp.
- Aut omat i ¢/ Manual swi t ch.
- Tone reversing switch.
out put selectors.
Monitor control.
Frequency.
Patient signal |anp.
Tal k back gai n.
Tal k over swtch.
Tal k over gain.
Tone Bar Lock.
vu Meter selector switch.
Frequency i nput.
Moni t or ear phoned.
Power .
Speech Unit.
SISI.
VU Met er.
Channel one WU neter gain control.
Channel two VU neter gain control.
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Inthis condition, pure-tone and noi se are pul sed
autonatically (0.3 seconds-on and 0.3 seconds-off). Noise
pulse is in concurrence with pure-tone pulse. 1In this con-

dition, depressing the interrupter switch stops the test.

Condition 2
Channel 1 Channel 2
1. Tone reversing switch - on 4. Tone reversing switch - on
2. Auto switch - off 5. Auto switch - off
3. Interrupter - released 6. Interrupter - released.

In this condition, the pure-tone and the noise are

conti nuous and autonatic.

Condition 3

Channel 1 Channel 2

1. Tone reversing switch - off 4. Tone reversing switch - off
2. Auto switch - off 5 Auto switch - off

3. Interrupter - depressed 6. Interrupter - depressed

In this condition, tone and noi se are continuous. The
operation is nanual .

Condition 4
Channel 1 Channel 2

1. Tone reversing switch - off 4. Tone reversing switch - off
2. Auto switch - on 5. Auto switch - on

3. Interrupter - depressed 6. Interrupter - depressed.
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In this condition tone and noi se are pul sed but the

operation i s manual .

Condition 5
Channel 1 Channel 2
1. Tone reversing switch - on 4. Tone reversing switch - on
2. Auto switch - on 5. Auto switch - off
3. Interrupter - depressed 6. Interrupter - released

In this condition the pure-tone is pulsed but the

operation is manual. The noise is continuously on.

There is an additional facility for this audi oneter
known as ' Tone-Bar-Lock' which hel ps to achieve electronic
| ocking of both the interrupters. Wth this, interruption
of stimuli in both the channels is acconplished by either

tone interrupter swtch.

Maico MA 22 is a dual channel clinical audioneter
Narrow band noi se or wide band noise is available in the
opposite ear phone to the test ear phone while using air-
conduction (ACQ node and in the |left ear phone while using
bone conduction vibrator for the delivery of pure-tones.
The narrowband noise is autonatically centered at the test
frequency chosen by the channel 1. Tones can be presented
either by automatic control or manual control. |In both the

nodes tone can be presented either pul sed or continuous.
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In Channel 2, noise stimuli are avail able either continuous
or simultaneous but controlled by the channel 1 interrupter.
Thus we have using auto (normon) position, three methods of
presenting tone and with norm' off position, we have two

possi bilities.

The color of the button indicates on and of f positions.

Wiite neans 'on' and bl ack neans ' of f.

Figure 3 can best illustrate the operational avail abi -

lities in Maico NA 22.

Condition 1
Channel 1 Channel 2
1. Tone - Wite (on) 4. Input - Narrow band Noi se -
Wite
2. Norm- Wite (on) 5. Mdde - Continuous

3. Interrupter - rel eased

If the interrupter of Channel 1 is depressed, the tone
will be put off in Channel 1. Smlarly if the interrupter of
Channel 2 is depressed, the output is put off. Wth this
set up, the audioneter will deliver continuous tone in test
ear phone and continuous noise in the opposite ear phone
during air conduction testing. During bone-conduction testing,
the tone will be delivered through vibrator and noi se through
the left ear phone of the audioneter. Each channel is con-

trolled by an independent interrupter.
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OONTRCLS - NMA QO VA 22.
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Channel one (Hearing | evel control).
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Stimulus (Interrupter).
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. Tone.
. Mc.

Tope A

CHANNEL  ONE MODE PUCH BUTTONS.

War bl e.

Pul se.

Normoff - Normon.
Cont (Gonti nuous).
At (Aternate).

S m (S mul taneous) .
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Narr ow Noi se.
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Speech Noi se.
Tape B.
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Condition 2
Channel 1 Channel 2
1. Tone - Wite (on) 4. Input - Narrow band noise -
Wi t e
2. Norm- Black (off) 5. Mdde - Continuous - Wite (on)

3. Interrupter - Depressed.

Wth this set up tone is present as long as the inte-

rrupter is depressed. The noise is continuously 'on'. If
the interrupter of Channel 1 is released, the signal wll be
- put "off. Simlarly, if the interrupter of Channel 2 is

depressed, the signal will be put 'off.

Condition 3
Channel 1 Channel 2
1. Tone - Wite 4. lInput - Narrow band noi se -
Wi te
2. Norm- Bl ack 5. Mde - Simultaneous - Wite
3. Interrupter - Depressed 6. Interrupter - Rel eased.

Sane as Condition 2 but noise will be present as |ong as

the tone is presented.

Condition 4
Channel 1 Channel 2
1. Tone - Wite 5. Input - Narrow band noi se -
Wite
2. Norm- Wite 6. Mde - Continuous - Wite
3. Pulsed - Wite 7. Interrupter - released.

4. Interrupter - Rel eased.
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Wth this set up, the audioneter will deliver pul sed-
tone as long as the interrupter is released and opposite ear

phone wi || deliver continuous noi se.

Condition 5

Channel 1 Channel 2

1. Tone - Wite 5. Input - Narrow band noi se -

_ Wi te
2. Norm- Wite
6. Mdde - simultaneous - Wite

Pul sed - Wite
Interrupter - released 7. Interrupter - rel eased.

B w

Wth this set up, the audioneter will deliver pulsed tone
as long as the interrupter is released and in the opposite ear

phone it will deliv er pul sed noise sinultaneously. Depressing

either interrupter will termnate the stimuli in both the ear
phones.
Cal i bration Procedur e Used:

The audioneter used in this study was a two channe
clinical audionmeter (Beltone 200 C and the manufacturer
clained that it was calibrated to ANSI (1969) standards.
However to ensure accuracy in calibration, the audi oneter
was calibrated periodically during the study according to
the guidelines given by Wlber (1978). The exact procedure

is as foll ows:

Figure 4 illustrates the set up for calibration.
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The audi oneter Beltone 200 O was turned 'on' and was
allowed to warmup. The Sound-Level Meter (B&K 2203) was
set to the followng settings. The neter swtch was turned
to "external filter' and to 'slow. The weighting swtch
was in the "off' position. The signal ear phone (TDH 49
with MX 41/ AR cushion) of the audi oneter was renoved from
the head band and was placed over the coupler of the arti-
ficial ear (B& 4132). The ear phone was held in place by
neans of a tension of the artificial ear and it was adjusted
to 0.5 Kg of pressure. After initial placenent of the earphone
on the coupler, a low frequency tone (250 Hz) was i ntroduced
and the ear phone was readjusted until the Sound-Level - Meter
needl e read the highest intensity. This is said to ensure
best placenent according to WIlber (1978). The frequency
sel ector of the audioneter was set to 500 Hz. The octave
filter (B& 1630) of the Sound-Level - Meter was set to 500 Hz.
The audioneter was set to right ear phone (selector swtch)
and the tone was continuously 'on'. The hearing |oss dia
was set to 60 dB for the frequency chosen. The reading
on the Sound-Level-Meter was noted. Smlarly other fre-
quencies (IKHz, 2K Hz and 4K Hz) were checked. The audi o-
neter was found to produce intensity of tones wthin tol erance

| evel s.

To check the linearity of the attenuator of the audi o-
neter, a simlar set up was used. The range finder was set

to 120 dB. The hearing loss dial was set at maxi numand the



19

output of the sound | evel neter was noted. The hearing | oss
dial was dropped in 5 dB steps and the reading on the sound
| evel neter was noted for each 5 dB drop. The readings on
the sound | evel neter showed that the audioneter linearity

was satisfactory.

The intensity of masking noi se was checked in the sane
way as pure-tone; the only difference being instead of tone
noi se was introduced and the hearing | oss dial was adjusted
to 80 or 90 dB HL to avoid interference from extraneous noi se.
The sound | evel neter was set to linear setting. The reading

on the sound | evel neter was wi thin expected |evels.

Envi ronnent ;

The hearing test was perforned in a sound treated room
of AIl India Institute of Speech and Hearing. The anbi ent
noi se levels in these roons were wthin the nmaxi nrumal | owabl e

noi se | evel s.

Pr ocedur e:

Initially all the subjects were tested for their hearing
sensitivity for pure-tones using the procedure recomended by
Carhart and Jerger (1959). Subjects were instructed to res-
pond only to the pure-tone and to ignore the noi se whet her
intermttent or continuous. Only the right ear of all subjects

was chosen for the study.
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In the first phase of the experinment all the subjects
were asked to listen to pure-tones presented at 30 dB H. in
presence of a narrow band noise. In this procedure, tone and
noi se were presented simultaneously for brief period that is,
tone and noi se appeared and di sappeared at the sane tine.

The intensity of narrow band noi se was increased at regul ar
intervale till the subject ceased to respond to the pure-tone.
The difference between the |evel of noise required to nmask
the pure-tone and the level of pure-tone in the same ear was
considered as the nmasking factor. S mlarly nasking factors
were obtained for pure-tones at 50 dB H. and 70 dB HL. Using
the sane procedure masking factors were obtained for 500 Hz,

1000 Hz, 2000 Hz and 4000 Hz pure-tones.

In the second phase of the experinent, nasking factors
were obtained using the follow ng procedure. Noise stimlus
was presented continuously and the pure-tone pulsed. Both
the stimuli were fed to a single ear. Subjects were asked
to respond only to pulsed pure-tone and ignore the steady
noi se. The su bjects listened to a pul sed pure-tone at
30 dB H. in presence of continuous noise. The intensity
of narrow band noi se was increased at regular intervals till
the subject ceased to respond to the pul sed pure-tone. The
difference between the level of noise required to nask the
pul sed-tone and the | evel of the pulsed-tone in the same ear
was considered as nmasking factor. Using the sane procedure,
masking factors were obtained for frequencies 500 Hz, 1000 Hz,

2000 Hz and 4000 Hz at 50 dB HL and 70 dB HL.
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CHAPTER 3
RESULTS AND DI SCUSSI O\

Table 1 gives the masking factor val ues obtained for
different frequencies (500 Hz, 1000 Hz, 2000 Hz and 4000 Hz)
and at different levels (30 dB HL, 50 dB H. and 70 dB HL)
usi ng experinental procedure 1 (presentation of noise and tone
simultaneously for brief intervals). Man and Standard Devi a-

tion values are also included in the Table 1.

Table Il shows the masking factor values for different
frequencies (500 Hz, 1000 Hz, 2000 Hz and 4000 Hz) and at
different levels (30 dB HL, 50 dB H. and 70 dB HL) using
experimental procedure Il (presentation of a continuous
noi se and pul sed tone sinultaneously). Mean and Standard

Devi ation values are also included in the Table I1.

To find whether there is any significant difference
bet ween the mean nasking factor val ues obtained in the two
procedures at different frequencies and at different |evels,
't'" test of signifi cance for correlated neans was appli ed.

The results are given in Table I11.

Table 111 shows that there is no significant difference
bet ween the nasking factor val ues obtained using the two
nmet hods at frequencies 500, 1000, 2000 and 4000 Hz and at
| evels 30 dB HL, 50 dB HL and 70 dB HL.
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Further the results show that there is significant
di fference between the masking factor val ues obtained using
the two procedures at frequency 1000 Hz at |level 30 dB HL.

Thus the null-hypothesis is accepted.

In sum out of twelve conditions, one condition shows that
there is significant difference in the results obtained using
the two nethods. The remaining 11 conditions show that there
Is no significant differences between nasking factor val ues
obtai ned using the two nethods. Hence, it may be concl uded

that the two nethods yield nearly same nmasking factor val ues.

The present study has reveal ed that the two procedures
of masking [(l) pulsed tone and pul sed noise, (2) pulsed tone
and continuous noise] do not bring about difference in the

resul ts.
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CHAPTER 4

Sunmary:

Avail able literature shows that the nmasking factor is
determned by presenting pulsed tone in presence of continuous
noi se (ipsilateral masking). In many clinical audioneters
there will be no provision to interrupt the noise that is,
si mul taneous presentation of tone and noise to the two
ears or one ear for brief intervals is not possible. This
clearly indi cates that if such audioneters are used, the
audi ol ogists will have to present the tone for brief inter-

vals in the presence of continuous noise in the non-test ear.

There are al so audi oneters whi ch have provision for
presenting tone and noise for brief intervals sinmultaneously.
Audi oneters |ike Beltone 200 C and Maico NA 22 have this pro-
vision. A question arises whethere the nethod of presenta-
tion of tone and noise in finding masking factor or in finding

nasked thres hol ds has any influence on the results.

The present study was carried out to find whether the
met hods of presentation of tone and noise wll bring about -
significant differences in the results. The results showed
that there was no significant differences for the masking

factor values obtained using the two nethods.
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| nplications of the study:

The results of the study indicate that either procedure
that is, 1. Tone and noise presented sinultaneously for brief
intervals and 2. pulsed tone and continou s noise presented
simul taneously would vyield simlar masking factors. Hence,
whi | e maski ng, noise may be presented simultaneously for brief
intervals with the tone presentation. This nethod nay be used
with patients who find it difficult to tolerate continuous

presentation of noise.

Limtation of the study:

1. Limted time was allotted to collect the data.

2. Repetition of the present study to check the reliability
was not possible because of Iimted tine allotted and
al so because of break down of Beltone 200 C audi oneter
(even now Beltone 200 O audioneter is not functioning.

It is under repair in Electronics Section of A.l.1.S.H).

Recommendat i ons:

1. As,in this study, reliability could not be established,
alarge sanple may be tested in the lines of the present
study and the sane sanple may be retested for reliability.

2. Masked t hreshol ds nmay be established on clinical popula-
tion using the two procedures used in the present study.

3. As sonme subjects reported that they had difficulty judg-
ing the presence of tone when tone and noise were pre-
sented sinmultaneously for brief intervals, further research
IS needed before this procedure is wused clinically.
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