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CHAPTER |

| NTRODUCT! ON

The threshold of audibility increases when a conplete
acoustic insulation between the two ears is achieved. Thi s
effect, results fromneural interaction, is called central
maski ng. It is sinply the reflections of neural activity at
| ow | evel s of the auditory system Central maski ng pheno-
menon was first discovered by wegel and Lane (1924) and it

was defined as a conflict of sensations in the Brain.

Ward (1967) concluded that contral ateral renote nmasking
whi ch arises at one or nore centers receiving afferent inner-
vation fromboth the ears. However, Liden, N lsson and
Anderson (1959) reported that central nasking is probably
nmedi ated by the efferent pathways. Central masking occurs
when the test tone is presented to one ear and the masking
sound to the other ear at a level in-sufficient to affect the
test ear directly, small change in threshold of the test ear
i s observed. This threshold shift is a sinple nmeasure of
the neural activity produced by the extrinsic noise in the
contral ateral ear. Not all the noise induced neural activity
can be neasured by nmeans of central masking; only that
portion which interacts with nervous system excited by the

test signal produces a contralateral threshold shift. The



narrow band signal of lowintensity excites only a snal

group of neurons and this group nmay be expected to intract
fromthe contral ateral ear. Thus by changing the centre
frequency of the signal, different excitation patterns can

be observed.

The threshold of audibility is determned by a cons-
tant signal-to noise ratio in the neural dom an. The
arising threshold shift is very small and does not exceed
10 dB. It is maxi rumwhen the maski ng noise is presented
in bursts and the threshold is determ ned at the onset of
t he burst. The threshold shift rapidly decreased with tine
del ay and al so when the frequency difference between the test

signal and maski ng sound i ncreases.

Zw cker, Flottorp and Stevens (1957) reported that the
maj or portion of central masking produced by a 1 KHz bone
occupi es a frequency bandw dth of approximately one critical
band. Central masking increases with increase in intensity
and when the masker is set at several sensation |evels changes
in frequency distribution pattern takes place with increase
in sound intensity. QG her words distribution becones broader
as the sound intensity increases. The narrow band and w de
band noi se does not make any difference as long as the centre
frequency of the narrow band is not identical to the nom na

frequency under test.

Fl etcher (1940) reported that only a small part, the

critical band, of a wi de band masker contributes to the



maski ng of a tone.

General ly, the masking of tones at |ow frequency
increases less rapidly than the masker |evel and at higher

frequency, masking increases nore rapidly.

At hi gher noise | evels, masking decreases nore,
rapidly with increasing |oudness |evel than at |ow noise
levels or than with a wi de band masker Hel | man, 1970;

W cker, 1963 . Furt hernore, against narrow band noi se,
maski ng di sappears when the noise level is about 20 dB | ower

than the | evel of the tone.

Maski ng not only depends upon the spectra and i nten-
sity of the masking signals but depends also on the duration
of the signal. The signal can either be continuous or
intermttent generally, if the spectrumand intensity of the
conti nous noi se are adequate, the masking effect will be
permanent as long as the noise is present (Egan and Wi ner,
1964; Fletcher et al 1950). The effect of the intermttent
noi se on maski ng, however, wll be tenporary dependi ng upon

the Iength of tine the noise is present (Pollack, 1955),

Several studies have shown very snmall effect for a
conti nuous masker and a puled test stinmulus and sonewhat | arger
ef fect when both are pul sed. Al so a sharp frequency sel ec-

tivity has been reveal ed.

ZwW sl ocki in his systematic studies on central masking
whi ch began in 1963 gives a psychophysl ol ogi cal theory of

central masking with the help of an elenentary mathematica



theory based on three paostulates. They are:-

1. Signal detectability in determned by signal-to-
noi se ratio in the neural dom ne.

2. Neural inputs fromthe two ears are arithenati -
cally added in a binaural integrating stage.

3. The driven neural firing rate is directly

proportional to sound intensity at lowintensity

| evel s*

Neural firing decay with increasing tine fromthe
onset of stimulation. The decay has been denonstrat ed
extensively at the level of the 8th nerve (Deskyshire and

Davis 1935).

Kiang (1965) supported the above statenent but indi-
cated two phases, (a) fast with a tine constant on the order
of 50 msec and the other (b) sloww th a time constant in
excess 1 mn. The fast decay accounts for about 50%to
70%of threshold shift at mediumand high stinmulus |eve
and gradual 'y vani shes when the |evel is decreased to-wards
the threshol d. The sl ow decay adds about 15%to as much
as 80%so that a new conponent is added to the decay of
single unit activity when stens fromthe neural refractory
peri od. The fast decay of the unit activity is presented;
at the level of the cochlear nuylus and appears to be reflec-
ted in the sl owwaves of the superior olivary conplex. Psycho-

physically the neural decay is fixed in central mnasking.



Zwi sl ocki (1968) has shown that the anount of decay
appears to be directly related to the threshold shift at the
masker onset. The greater the shift nore pronounced is the

decay.

Kat suki (1961) observed the decay of neural group
activity throughout the auditory nervous systemand it was
nor e pronounced at hi gher nucl ei. Zwi sl ocki (1972) con-
cluded that characteristics of many neurons of the cochl ear
nmuscl es are not reflected in central masking characteristics
whil e those of other neurons of the cochlear nuscles and of
superior olive as well as of all neurons of the eight nerve

are.

The threshold shift produced by central nmasking is
very small and grows nuch | ess with the masker intensity than

does the threshold shift produced by nonaural masking.

Zwi sl ocki (1953) suggested that the threshold shift
as a result of central masking does not exceed about 5dB,

but Liden et al (1959) observed shift upto 15dB.

St udebaker (1962), Dirks and Dirks and Mal mui st (1964)
reported that central masking effect increases with increases
inintensity of the masking noise and may be as great as 10

to 12dB.

Zwi sl ock (1971) feels, because of the smallness of the
threshold shift it produces, that it may not becone a routine
clinical tool but it can very well be useful as an indirect
tool in the investigation of the |lower parts of the neura

auditory system



Need for the study:

Wegel and Lane (1924) provided the first description

of the phenonmenon and called it "central masking."

Central masking is now a wi dely recogni zed phenone-
nona denonstrated by a shift of auditory threshold in one ear
upon the presentation of a contral ateral masker. Every
audi ol ogi st thus, uses a correction factor in clinical audio-

metry to account for the effect.

Pal va (1954) found that the threshold changes generally
|l ess than 1 GdB due to the effect of central masking. But
Liden (1959) state that the effect is 5 to 15 dB and it remains

relatively constant as the masker |evel increases.

Dirks and Mal nqui st (1964) while stuying the effects
of central masking both on air conduction and bone conduction
thresholds found that the threshold shift for frontal bone
nmeasur enent was al ways greater than conparable air conduction

or Bone-conduction thresholds fromthe mastoid process.

Zwi sl ocki et al (1968) concluded that threshold shift
resulting fromcentral masking is transient and at the onset
of the masker, it may amount to 15 dB and | ater on reduces

to about 4 dB.

Zwi sl ocki et al (1969) in another study pointedout
t hat when both the nasker and maskee are pul sed sinultanously
t he maski ng effect anmbunts to about 10 dB and when the nasker
is continuous and maskee is pulsed the effect decreases to

a few deci bl e.



Zw sl ocki (1971) says that the threshold shift ari-

sing fromcentral masking is very snall and rarely exceeds
10 dB.

Snyder (1973) recommends a corrective factor of 5

to 10 dB to account for the effect in clinical audionetric

eval uat i on.

The present study was undertaken because of the
contravercies and confusions in determning the exact anount
of threshold shift due to central nasking to be used as a
correction factor in routine clinical audionotry. when
di fferences exists even anong the popul ati on of white the
disparity that woul d probably exists between the white and
the Indians can/i nagi ned especially whan several studies

conducted at this Institute reveals the difference.

Basavaraj (1973) reported a considerabl e difference
In the Acoustic |npedance for Indians when conpared to the
whi te.

Mithili (1975) reports slightly greater Acoustic
reflex thresholds for Indian fromthat of Wite. Ragunath
(1976) recomrends a different value to be substituted in the
formula to calculate pure tone thresholds fromreflex thresh-

ol dsfor I ndi ans.

So this ia an attenpt to investigate the effect of
central masking on Indians and whether the results are com
parable with that of whites. Attenpt ia also directed to

find out whether the effect is constant at all the audionetric



frequencies and if not what would be the correction factor

to be used in our clinical audionetry.

Pur pose of the study:

The present study was ained at determ ning the anmount
of threshold shift owing to the phenonenon of central nasking

on | ndi ans.

This study was therefore designed to answer the

foll owi ng questi ons.

1. WII there be any difference in the anount of threshold
shift for puretones when White or narrow band noise is
used as masker?

2. WIIl different levels of noise have differential effects
upon the threshol d?

3. WII the threshold shift due to central masking is sane
or not for all the audionetric frequencies?

4. WII there be a difference in the amount of threshold shif
when the masker used is continuous or pul sed noise?

5. WII the threshold shifts due to central masking thus,
obt ai ned be conparable with the results of other studies

conducted on western popul ati on?

Brief plan of the study:

A group of 60 normal hearing adults, conprising both
mal es and females, within the age range of 18-24 years were

selected for the study.

These subjects were divided into two experinental

groups each consisting of 30 subjects. In experinent |, the



test signal was intermttent and the masker was conti nous
whereas in experinment Il both nmasker and maskee were pul sed.

Furt her each experinment was conducted through three stages.

First, the threshold of sensitivity for pure bones
was determ ned for frequencies 250 Hz to 4 KHz. Second, the
threshold of sensitivity for narrow band noi se whose centre
frequencies varied from250 Hz to 4 KHz and also for white
noi se was determ ned. Last, the threshold shift was deter-
m ned by presenting thetest bone in one ear and conti nuous
noise in the contral ateral ear. The threshold shift was
determned for 20 dB SL, 30 dB SL and 40 dBSL. of white band

and narrow band noi se.

In the second experinent the procedure was same except

that both the stimuli were pul sed.

Factorial design was used for the conduct of the study
and the results were anal yzed statistically by using analysis

of wvari ance.

| mpl i cati ons:

1. It gives the clinician an idea about the possible threshold
shift that can be produced because of the phenonenon of
central masking.

2. It provides the dB value to be deducted fromthe masked
threshold for every audionetric test frequency as a
corrective factor for central masking.

3. Central masking may becone an indirect tool in the inves-
tigation of the normal and pathol ogi cal auditory nervous

system
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Limtations:

The effect of central nmasking on Bone conduction audi o-
metry could not be deterni ned.

The possi bl e change in central masking when an insert
reci ver was used could not be determ ned.

The study has not included sone clinical cases for

observati on of t he effect.

4. The central masking effect when the test frequency was

kept constant varying the masker frequency could not be

investigated due to the instrunental limtation.

Definitions:

Normal ear: The ear with no apparent abnormality

reveal ed either by history or by EEN.T. examnation and with

hearing sensitivity bel ow 20 dB HTL (ANSI 1969).

*2 Pure Tone: Pure tone is a sound produced by an

i nstant aneous sound pressure which is a sinple sinusoida

function of tine.

*3.

Threshol d: Threshold is the | east audi ble sound

pressure | evel often defined as the |evel of a sound at which

it can be heard by an individual 50%of the tine.

4. Sensationlevel: sensationlevel of asoundis the

intensity of the sound in dB above its absolute threshold

| evel (Licklider).

*Taken fromFredrick N. Mastin, Introd to Audi ol ogy

(Englewood Qiffs., N. J: Prentice - Hal | 1975 )
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5, Narrow band noise: In a sound in which energy

is concentrated with in a small frequency interval

(Aorig A, 1965).

6. Wiite Band noi se: White band noise is a sound in

whi ch energy is present over a wi de range of frequencies

w th equal energy per cycle (Qorig A, 1968, Martin F. 1975).

*7 Critical Band: Critical band is the restricted

band of frequencies surrounding a puretone and where the SPL

of tone and noise are equal to tone is barely perceptible.

8. Central masking: when a noise is presented to the

untested ear at a level insufficient to affect the test ear
directly, a small change in thresholds of the test ear nmay
often be observed. This phenonenon is assuned to be a
function of the central nervous system and has been | abbl ed

as central maski ng.

9. Frequency: The frequency of a puretone represents
t he nunber of conplete cycles (Hz) that the sound wave has

passed through in a 1 sec. tine period.
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CHAPTER | |

REVI EW G- LI TERATURE

The central masking is a psychophysical phenonenon.
Thi s phenonenon of central masking was first determned by
VWgel and Lane (1924). They postul ated that ipsilateral
masking results froman "overlopping of stimuli in the end
organ” while central nasking results froma "conflict of

sensation in the Brain."

This conflict had been there since long tine, i.e.,
whet her the cochlea takes part in the central masking or
whether it is conpletely the action of the neural activity

of the central auditory pat hwnay.

| ngham (1957), and Liden and | ngham (1959) reported
that the central nmasking is neither due to the transcranial
physical stinulation of the test ear nor the activation of the
bital eral acoustic reflex but the effect is sonehow nedi at ed
by the central auditory pathways w th or w thout possible

efferent fiber participation.

He further studied the peripheral and central origin
of the phenonenon. Low |evel nmasker was used but did not
find any peripheral contribution towards central nasking by
cross hearing nor through contraction of the stapedi us nuscl e.

He hypot hesi zed the process involves the sinple distraction
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and decreased notivation under masking condition and thus

accounts for central masking.

He al so observed that the spread of | ow frequency
(200 Hz) central nmasking was greatly w der on frequency
range than that of higher frequency masker. The charac-
teristics broad frequency spread of masking obtained with
| ow frequency ipsilateral masker transduction of the naskers.
Thus the results suggested that the central masking nay also

be significantly effected by cochl ear processing of the masker

After several investigations it has been proved that
the effect of cochlear nmechani smhas been considered insig-
ni ficant because -

1. Central masking is |less conpared to ipsilateral masking.
2. Contral ateral masker yielded a narrow frequency spread
of central masking conpared to the broad frequency spread
of masking obtained during ipsilateral masking (Zw sl ock

et al 1967 and 1968).

The maski ng not only depends upon the frequency and
intensity but also on duration, delaytine and type of the
stimuli. Al these factors show different effects on masking.
It is also related to the critical Band wi dths of the masker.
The masked threshold of the noise remains constant until the
separation between the two tones reaches a critical value,
after which the masked threshold decreases abruptly. The
point at which this decrease begins is taken as the neasure
of the critical band. The | ocation of the critical transi-

tion points in the masking curves is apparently invarient with
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| evel , at |east over a range of about 80dB (2Zw cker, Fl ottor

and Steven 1957).

Hawki ns and Stevens (1950) investigated the nasking
effects of white noise on pure tone threshol ds. Resul ts
obt ai ned showed that at |ow noise |evels and in m df requen-
cies the thresholds of tones are shifted greatly than those
frequenci es whi ch are above and bel ow this region. Furt he:
t he sound pressure |evels which are necessary to reach the
nmasked threshold are i ndependent of stinulus frequency at

hi gh maski ng | evel s.

Ehner (1959) indicated that the nasking pattern
elicited by a pure tone stimulus results fromthe activity
pattern set up along the basilar nenbrane because the
coehl ear patterns have shown simlar asynmetrical patterns

as the tone on tone nasking patterns.

Egan & Hake, (1950) Ehner (1959), Easter and Kryter
(1962) replaced the pure tone masker with a narrow band
noi se to avoid the wavering beats produced by the signa

frequency whi ch was cl ose to the nasker.

Bil ger and H rsh, (1956) and Spieth, (1959) have
al so shown that a pure tone nasker is highly effective at
maski ng fregenci es higher than that frequency. And on

the ot her hand, the nasking effect at frequencies |ower



15

than the masker in mni mal . where as it is not the case
for narrow bands when the nasking level is set at high

intensity | evels.

The | ow pi tched sounds have a different nmasking
effect fromthat of a high pitched sound. The [ ow pitch
tone conpl etely nask the high pitch tone but a tone of

hi gh pi tch does not nask the | owpitch tone (MNayer, 1876).

General ly, the nmasking of tones at |ower frequencies
increased less rapidly than the nasker |evel and at higher
frequency, mnasking increases nore rapidly. St even and
Quriao (1967) noticed that when a white noi se was used to
mask a 1000 Hz tone, nasking increased just about as

rapidly as the nmasker |evel.

Sherrick and Mangabi na- Al bernaz (1961) reported
that central nasking is greater for higher frequencies
and concluded that it can not be produced by the aural
reflex. A so greater effect was noticed when nmasker and
test signal were pul sed than when t he nasker was steady
and test signal was pul sed. The central naski ng was greater
as the test signal frequency approached the masker frequency
of a pure tone. 1 dB threshold increase for each 10 dB nas-
ker |evel was observed. There was little or no change in
central masking as a function of nmasker level in the test-

si gnal - pul sed/ noi se-si ngal -conti nuous condition.
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The effect of central masking on air condition and
bone conduction threshold was |Investigated by Dirk and
Mal mgui st (1964) . In experinment | air conduction was taken
into account and in experinent Il the B.c was tested via the
mastoi d process and the frontal bone at various narrow band
noi se | evel s. A small increase in threshold shift were
observed as the Intensity |level of the noise was increased
for the experinental frequencies 500 Hz, 1 KHz, and 4 KHz.
The changes for A C and B.C at nastoid process were simlar.
But when the results of mastoid process were simlar. But
when the results of mastoid were conpared with the fronta
bone condition, the threshold shift were greater at the
frontal bone. It is suggested that this additional shift
in threshold is due bo the change from bi naurai stimulation
in quiet to nmonaural stinulation during the nmasking condi -
tion. In order bo test this proposition, the test ear of
6 subjects were plugged and tests were nade at 500 Hz. The
B.C sensitivity increased and the contribution of the oppo-
site ear to the threshold was elim nated. When noi se was
presented to the non-test ear, the threshold shift by AC
and B.C fromeither vibrator placenent were found to be
simlar. Thus these results supported the additional

threshold shift fromthe frontal bone condition.

St udebaker (1962) suggested that the unmasked thresh-
ol ds via the frontal bone represents the equal stimlation of

each ear and ware thus bi naural. The threshold shift in the
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frontal bone, due to masking in the nontest ear was the
result of central factor plus the loss induced by changi ng

frombinaural to nonaural stinulation.

Dirks and Mal mgui st (1965) made use of five conbi-
nations of pul sed and conti nuous nmasker noi ses and test
tones in a central masking experinent. The great est
threshold shift appeared when the signal and nmasker were
bot h on continuously or when they were pul sed on and off
t oget her and when the test signal was pul sed and the masker

was cont i nuous, verylittleshift wasobserved.

The effect of masker |evel on the central nasking
was i nvesti gat ed. 2 dB threshol increase for each 15 dB
masker |evel increase was noticed. There was al so ao change
as a function of masker level in the test-signal-pul sed/ nois
-signal -conti nuous condition. Unfortunately these results

were not systematic. (Dirks and Morris 1966).

Central maski ng depends on the pattern of stinulus
presentation. When bot h the maski ng and nasked stimuli are
pul sed sinmultaneously, the masking effect anmounts to about
10 dB and when the nmasker is continuous and the test stimili)
pul sed the effect decreases to a few deci bl es. The tenpers
ef fect of central masking was investigated by presenting
10 msec tone bursts and masker of 250 m sec bursts of tone

or random noi se which was repeated at the rate of one per
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second. The test bursts were presented at various tine
intervals fromthe onset of nasking bursts. The results
Showed that contral ateral shift exceeded 10 dB at the on-
set of masking bursts and decreased rapidly with in about
15 msec and in a matter of 200 m sec, it reduced to a few
dB. When the intermttent masking and test stinuli are
turned on sinultaneously, the threshold shift gradually
decreased by several decibles and reached an asynptotic

stage within a mnute (Zw sl ocki, Buining, and dantz 1965)*

This shows that the contral ateral threshold shift
produced by central masking decays as the tinme delay from

t he masker onset increases.

I N 1966 ( Zwi sl ocki and Johnson) conduct ed anexperi -

ment to rule out the interaction between this decay and the
masker sensation |evel. Acritical band of random noise
Centered at 1 KHz was used as the masker and the threshold
shift was determ ned by presenting 10 msec burst of a

100 Hz tone with the help of force choice tracking nethod.
Data indicated that both the threshold shift at the nasker
onset and the rapidity of its decay increased with the

masker intensity.

The influence of test tone duration on auditory
masking is due to the tenporal integration functions of

tone burst nmasked by critical band noi ses which becones
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shal lower with increase of the test tone frequency. Thi s
type is seen in the bone bursts along the center as well
as at the slope of the masking pattern of critical band
maskers. Wien test tone burst is short, the horizontal
maski ng pattern of uniformmasking noi se changes into a
decreasi ng sl ope pattern for increasing frequency. The
sl ope of the masking pattern of critical band maskers
remai ns rather independent of test tone duration (Fasti,

1976) .

Zwi sl ocki and Newran (1967) studied the "tinme cons-
tant of the Auditory systemand central masking." Her e
t he masker fregency was 2 and 0.25 KHz. The effect of
central masking was found maxi rumat the time of masker
onset . It increased with sound intensity, but renained
frequency i ndependent when the |oudness level in the entica
band was kept constant. The threshold shift decays expon-
entially as the time delay fromthe masker onset is increased.
It reached an asynptote at about 250 m sec. The tine
constant of the decay, on the order of 50 msec. was indi-
cated to be independent of a stinulus paraneters. Thus

it is considered as a systemconstant.

The fregency spread of masking appears to be consi s-
tent with the critical-band nmeasures at medi um nasker
| evel s but not at high or |owlevels. Zwi cker, Fl ottorp,

and Stevens (1957) found that the major portion of central
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maski ng produced! by a 1000 Hz tone occupies a frequency band-
wi dt h of approxi mately one critical band, no matter whether

it is transient or steady-state condition.

Frequency distribution of central masking has been
i nvestigated by Buining, dantz and Zw sl ock (1968). They
varied the masker frequency in small discrete steps from
300 to 2000 Hz and test tone frequency was mai ntai ned at
1 KHz. Bot h the masking and test tones was delivered
through hearing aid receiver, in order to increase the
I nteraural sound attenuation to 75 dB and al so the acores-
tical interaction between the ears was effectively elimnated.
The results indicated the maxi mum threshold shift at the
maski ng frequency of 1000 Hz or slightly |ower. Bel ow t he
frequency of the maximum a shallow relative m ni mrum which
is followed by a secondary maxi numor curve form a pl at eau.
Above the frequency of the principal maxi num the masking
decays nonotonically. Sometimes a small hunp was observed
whi ch seens to be a counterpart of the secondary maxi nmum at
| ow frequenci es. No slow build up processes were observed,
in other words the delay fromthe masker onset was increased,
t he masking distribution becane gradually flattened. Al so

maski ng decaed faster where it was initially the |argest.

The rate of decay does not depend upon the masker

frequency, or the frequency difference between nmaski ng and
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test tones but on the ampunt of initial threshold shift.
| ndependent of the frequency the amount of decay were sim -
| ar whenever the initial anmounts of masking were approxi-

mately the sane.

The masker sensation |evel affects both the anount
and the distribution of the threshold shift. The frequency
bandw dt h of the principal nmaxi mumwas consistent with
the width of the critical band at the nmediumlevels. At
hi yher | evels, width and the hei ght of maxi numwere increase.
And at lower levels it decreased gradually until the maximm
di sappeared conpl etely. The relative m ni num bel ow t he
test frequency was centered around the | ow masker | evels.

At the same tine, a clear relative mninmmappears above the
test frequency. As the masker |evel increased, the |ow
frequency m ni rum noved away from the frequency of the prin-
ci pal maxi mum And at higher levels, the |Iow frequency
maxi mum and m ni mum i ndi cated the tendency of degeneration
and fornmed plateau which showed the growth with the masker

| evel at an accelerating rate.

This bring us to the conclusion that central masking
is a conplex nonlinear processes. The rel ative maxi ma and
mnima indicates the inter-action between excitatory and

i nhi bitory neural processes.

In these two studies nentioned above they found

threshold shift as great as 11 dB when the onset of masker
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and test tone was sinultaneous, and the shift decreased to
2-3 dB at 160 m sec which were accounted for the pul sed Vs
conti nuous masker and test signal. The results are found
parall el between these results and those of studies of over-
shoot which suggest that ipsilateral overshoot may be at

| east a part of a central phenonena. This 1is also suppor-

ted by the results of Strokinger and Landford (1969).

This brought themto the conclusion that central
masking is a masker |evel dependent when the masker and
test tones are presented sinultaneously. Thi s produces
about a 1 dB increase for every 2 dB increase in the masker
| evel where as the steady-state masking is independent of

masker | evel.

ZW sl ocki (1972) devel oped a quantitative psychophy-
siol ogical theory of central masking and was validated by
means of psychophysi ol ogi cal conpari sons. The theory
assunes a constant signal-to-noise ratio in the physiolo-
gi cal domain for constant signal delectabiiity, partial
I inear summati on of dichotic inputs, and a direct propor-
tionality between driven neural activity and sound intensity
at near, threshold intensities. Al l assunptions are based
on psychophysi cal and physiol ogi cal evidence independent of

central masking.

Foll owi ng are the assunptions: -

1). Signal detectability is determ ned by the signal-to-noise
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ratio in the neural domain, i.e., the signal-to-noise
ratio is constant for constant detectability. Thi s hol da

for extrinsic as well as intrinsic noise.

2). Neural inputs fromthe two ears are linearly sumrated

in a binaural mxing stage.

3). At lowsound-intensity |levels, the driven neural firing

rate is directly proportional to sound intensity.

The theory is shown to predict accurately single-
unit characteristics of the auditory nerve and of primary
coehl ear nucl ei and the superior olive nuclei. Val i dati ng
conpari sons were made between cal cul ated and enpirical
results in time, frequency and intensity domains for steady-

state and transient stinmuli.

A conparison was nmade between 8th nerve units and
central masking. It has been observed that both centra
maski ng and 8th nerve units exhibit a simlar and stable
time characteristic. 2Zw slocki (1968, 1969) showed t hat
the decay tinme constant has a val ue of approximtely 50 m sec.
and the anount of decay is directly related to the threshold
shift at the onset of the masker. Kiang (1965) indicated
the driven firing rates of an eighth nerve unit derivered
from PST hi st ograns. The firing rates have been obtai ned
by subtracting the spontaneous activity fromthe total by

referring themto the firing rate around 200 m sec.
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The argunent between the theoretical and enpirica
val ues inplies a frequency independence of the time decay
function, This was observed in studies done on central
maski ng (Zw sl ocki and Newran, 1967) and 8th nerve firing

(Kiang, 1965).

Apart frombeing both as a frequency independent
time function, it also, inplies that the firing rate of
many 8th nerve units follows the same tinme course provided

they are excited to a conparable |evel.

The inportant characteristic of 8th nerve units was
determ ned by the relationship between the sound intensity

and the neural firing rate.

The firing rate differs fromunit to unit and central

masking fromlistener to |istener.

Snyder (1973) investigated central masking factor
in a group of 40 normal hearing subjects. 40 dBSL centra-
| aterai maskers of w de band noi se and narrow band noi se
wer e used. 40 dBSL was sel ected because it is not great
enough to mask the tone in the contralateral ear by trans-
cranial stinulation (Saunders and Ri ntel man, 1964; Dirks and
Mal maqui st, 1965; Norm s and Dirks, 1966; studebaker,| 967,
Shim zu, 1969). The test frequencies were 500 Hz, 1000 Hz,

2000 Hz and 4000 Hz. The results indicated the increase in
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threshold shift with increase in frequency of the test tone
and with decrease in nasker band wi dth. A correction factor
of 5to 10 dBis recomrended and greater than 10 dB was

observed wi th narrow band noi se.

Bradley and Billings (1977) studied the frequency
spread, tenporal relation and growh of central masking using
| ow frequency masker (200 Hz) . The masker was either with
a duration of 500 msec presented at 10 dBSL, 30 dBSL and
50 dBSL. The masker was gated tone bursts from170 Hz to
4000 Hz and was | ocated at the onset of the gated maskers.
The results showed no significant masking at 10 dB except at
230 Hz maskee frequency, 30 dBSL masker yielded significant
maski ng at naskee frequency from 170 Hz to 750 Hz. An up-
ward spread of masking function that was nearly 2 octave above
t he masker frequency. The 50 dBSL masker yielded 4 octave
above the nasker frequency upto 4 KHz. Thus the lowfre-
guency spread of central maski ng exceeded 4 octave above the
nmasker frequency. Therefore central mnaski ng phenonmena
appears to be significantly affected by cochl ear transduc-
tion of the masker and maskee signals, as well as bring a

function of central auditory neural interaction.

The tenporal relations and growth of central masking
was neasured by using the gated nmasker (t = 5 msec) and the
steady state masker at 230 Hz maskee frequency. The growt h

of gated central masking was relatively linear indicating
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that fixed increase in the masker intensity resulted in
fixed increase in nmasking. Aslight upturn in the slope of
the growth function from 30 to 50dBSL was observed whi ch
coincides with the study done by Zw sl ock, Buining, and
dantz (1968). The nean interval of 51 dBwth a range
from35 to 70 dB at 250 Hz for 256 unilaterally deaf sub-E

j ects. It is possible that the growth of nasking functions
is the result of transcrarial masking effect for the 50dBSL
masker. Steady state masking did not exceed 1.4 dB signi-
ficant |evel. These results are in agreenent with the

test results reported by Zw sl acki (1967) and Zw sl acki,
Buining and G antz (1968). Zwi sl acki (1972) suggests that
t he absence of significant maski ng under these conditions is
attributed to a reduction in 8th nerve firing under sus-

tained stinulation fromthe steady state nasker.

The tenporal relation was studi ed by using both gated
and steady state masker (t= 5 msec t = 250 msec) at 230 Hz
maskee frequency. The gated masker (t + 5 msec) vyielded
greater masking than steady state masker. No significant
difference was noticed at 10, 30 or 50 dBsL in steady state
and in gated naker at levels 10 and 30 dBSL. Zwi sl acki
Buning and d antz (1968) reported 6 to 8 dB central nasking
overshoot at 1 KHz for 60 dBSL gated masker in 3 subjects.

Though these are only few studi es have been devoted

on central nasking ao far no attenpt was nmade to neasure
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the effect on our popul ation. This would be the first
attenpt aimed at establishing the magnitudes of central
maski ng on Indians at different audionetric frequencies.
The study al so scans the possi bl e changes on central
maski ng when the test tone was changed fromcontinuous to
pul sed and al so where the masker was changed fromconti -
nuous to pul sed at different sensation |evels. The
variation in central masking produced by narrow band noi se

and white noise was al so estinated.



CHAPTER 111

METHODOL OGY

The methodol ogy of the present study conparises of

the follow ng steps:

1. To obtain pure tone thresholds of 250 Hz to 4 KHz of
both continuous and pul sed tone for normal hearing

subjects through behavioral audiometry.

2. To obtain thresholds for continuous and pul sed narrow
bands of noise having above audiomeric frequencies as

centre frequency.

3* To obtain thresholds for continuous and pul sed wide
band noi se.

4. To measure the threshold shift on the selected nornal
subjects where the test signal and noises were conti-

nuous and pul sed.
Subj ects:

Sixty subjects between the age range of 18-24 years
with a mean age of 17.95 years who were enrolled as students

of the Mysore were selected. Out of them 35 were mal es and

25 femal es.

None of them had any previous history of ear aches or

any ear conpl aint. Al of them had normal ear structures



29

otol ogically and nornmal hearing audiologically in both the

ears with reference to 150 1964.

None of the above subjects were ever exposed to noise
| evel s exceeding damage risk criteria as reported by Rosen-

bitt et al (1953) which is given at the appendix |V

There was no history of any of them having consuned

any drug known to cause danmage to hearing.

They were all unfamliar to the test situation.

Equi pnent s and Test Envi ronnent :

A cal i berated (1SO 1974) dual channel diagnostic audio-
nmeter (Madsen OB 70) with TDH 39 earphones and MX 41/ AR ear -
cushions was used in this study to obtain the data. The
experiments were carried out at the sound treated suit of the
Al India Institute of Speech and Hearing, Msore. The noi se
levels in the roomat various octave band are given at the
Appendi x- |

The caliberation of the instruments was nmaintained by
periodi cal check up by using an articifical ear (B& type 4152)
a condensor m crophone (B& type 4145), S.P.L. neter (B&K type
2203) with octave band fitter (B& type 1613) and 250 Ti ne/
counter (Eastern El ectronic) Gsci-II|ascope (Sineontype 485-1).

was al so used to study the clearity of the tones.
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Test Procedure:

Measurement of Pure tone thresholds

Al'l the subjects were first tested to establish pure
tone threshol ds at 250 Hz, 500 Hz, 1 KHz, 2 KHx, 3 KHz and
4 KHz, Hughson Westlake (1944) ascending procedure was used to
establish pure tone thresholds. The follow ng verbal instruc—

tion was given to every subject:-

"You are going to hear a series of nusical tone first in
one ear than in the other. When you hear a tone, no matter
how high or lowin pitch and no matter how loud or soft,
pl ease signal that you have heard it. Rai se your hand when

you first hear the tone and keep it as long as you hear it.

Put your hand down qui ckly when the tone goes away. Remenber
to signal every time you hear a tone. Are the any questions?"
(Martin 75)

First the thresholds were obtained for all the above

frequenci es using continuous tone and results were recorded.

The test was repeated using pul sed tones and subjects

were reinstructed as above with necessary nodification.

Measur ement of noise thresholds:

After establishing a pure tone thresholds for continuous
and pul sed tones a rest period of 5 mnutes was given to every
subj ect . Threshol ds for narrow band of noise having the

audi ometric frequencies as centre frequency and wi de band noi se
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wer e established for continuous as well as when they were
pul sed using the procedure adopted for the establishnent of

pure bone threshol ds.

Al'l the subjects were instructed the same way as
menti oned above to raise the hand every time they heard the
noi se. Whenever the subjects had difficulty they were
fam liarized by presenting noise at sufficiently loud levels

before the test was initiated.

Threshol ds obtai ned for narrow bands of noise and w de
band of noise both for continuous and pul sed were recorded

separately.

If the two ears were exactly the same for pure tone
measurenent the Right ear was selected for the presentation of
the test. In case where there was difference average threshold
of the speech frequency was considered and the better ear was
used for the masking. This was done to reduce the possibility
of the masker affecting the peripherial nmechanismof the test

ear by cross hearing.

Establ i shment of Central Masking Factor:

It was established through two experinents. The
subjects were randomy dividied into two experinmental groups

each consisting of 30 subjects.

In first experinment the test tone and the noise were
continuous and in second experiment both the stinuli were

pul sed.
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Experiment |

Following a period of 5 mn. rest after establishing

noi se threshol ds the experinment first was started.

The subjects were seated in a chair and ask themto be

rel axed. The follow ng instructions were given:
"You will hear a continuous fairly loud noise in one
year (better ear). Do not pay any attention to the noise.

Pl ease indicate by raising your finger whether you hear the tone
in the opposite ear. Do not raise your finger if you are not

sure of hearing the tone. Are there any questions?"

Three levels of noise 20 dBSL, 30 dBSL and 40 dBSL
respectively were chosen for the central ateral stinulation.
Contral ateral stinmulation was limted to 40 dBSL so as to
rul e out any possible transcrinal stinmulation that would inter-
fere with the neasurenment of central masking (Saunders and
Ri nt el man, 1964; Dirks and Mal mgui st, 1965; Dirks and Noris 196(

St udebaker, 1967; Shim zu, 1969).

The follow ng order was used during the experinental
procedure.
1. The test tone was presented to ensure the perception of it.
2. The reference tone was term nated.
3. The masker was turned on and about 2 sec later.
4. The tone was present at the unmasked threshol ds previously

determ ned for about 1 or 2 sec.
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If there were no response the tone and masker were
t erm nat ed. 20 sec later the procedure was repeated with

the tone presentation at the next higher 5 dBSL.

The same procedure was repeated for other two |evels
of noi se. Each tine the central nasking was determ ned by
conparing the unnasked and masked thresholds. The nean
central nasking for 3 |l evels of noise, both narrow band and

w de band was cal cul at ed.

The same procedure was continued to estinate the
central nmasking at all the adudionetric frequencies with

three different |levels of noise in the contral ateral ear.

Experi nment |

After giving 5 mn of rest period to the second group

of subjects this experinent was carried out follow ng the

procedure described under experinent |. The only difference
in experinment Il was that the test tone and the noise were
pul sed.

Test Reliability:

Five subjects from each experinental group were selec-
ted at randomto check the reliability. A gap of 15 days was
gi ven between test and retest session.

The data thus obtained was anal yzed statistically using

anal ysis of variance.



CHAPTER |V

RESULTS AND DI SCUSSI ON

The study was undertaken to investigate the phenonenon
of central masking and the magnitude of threshold shift at
different audionetric frequencies dueto the effect of central

maski ng on | ndi ans.

The sanple selected in the present study consisted
totally of 60 normal hearing subjects, 25 females and 35 mal es
who were randomy divided into two experinental groups of

30 each.

In experinmental group | continuous contral ateral nasker
of wi de band, and narrow band noi se were used each at 20 dBSL,
30 dBSL and 40 dBSL to evaluate the threshold shift for con-
ti nuous tones of 250 Hz, 500 Hz, 1 KHz, 2 KHz, 3 KHz and 4 KHz
In experinmental group Il the effect of pulsed noise on pul sed

test tone to produce central masking was expl ored.

Factorial design was used for the study and the results
obtained were treated statistically using three way and four

way anal ysis of variance.

Experinent |:

The statistical neans (M for the pure tone threshold
shift at every test frequency at three sensation | evel s of noise

of narrow band and white noi se were conput ed. The val ues
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are given in Table | and graphically in figure I and Il. The
graphs clearly indicate that the amount of threshold shift

increases as the noise level is increased.

Table I also shows the mean of the means of threshold
shifts at three levels for each frequency. The mean of the
means threshold shifts vary from4 to 7 dB for narrow band and

3.5 to 5.5 dB for white noise.

"Statistically the variation in the threshold shifts
as the frequency is varied is not found significant. Further
the interaction between the noise level and the test frequen-
cies was not statistically significant though these was an

apparent increase in threshold shifts.

The amount of threshold shift produced increases as the
noi se level increases irrespective of the type of noise and
statistically this change in the threshold shift was found

highly significant at .01 |evel.

The interaction of threshold shift at 3 levels of noise
when compared for narrow band and wi de band noise was found

significant at.05 |evel.

The data is indicated in Table 2. When the amount of
threshold shift produced by narrow band noise and white noise
were computed applying statistics the difference was found
significant at .05 level of confidence. Further the inter-

action between the test frequencies and type of noise
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(narrow band and wi de band) was statistically significant at

.01 Ilevel.

Thus the effect of central masking increases as the

bandw dt h of the masker i s narrowed.

Experinent 1|1.

In experiment |l the continuous noise and tone were

repl aced by pul sed noi se and pul sed tone.

The central masking effect is greater than found in
Experinent 1. The nmeans of threshold shifts at every test
frequency at three sensation |levels of noise, for w de band
and narrow band were conput ed. Results are indicated in

Tabl e 3.

The amount of threshold shift at various test fre-
guencies for 3 levels of noise of narrow band and w de band

are represented graphically in Fig.lll and IV

The average threshold shift ranged from7 to 12 dB
for narrow band and 5 to 10 dB for w de band. Thus greater
threshold shifts were found in Experinent Il than those

found in Experinent | (Figure V).

Statistical analysis using analysis of variance |,
shows that the anpunt of threshold shift produced for each
test frequency due to central masking was found significant

at .01 level of confidence.
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However, the interaction of the noise |levels and the

test frequency was found insignificant.

The effect of narrow band and w de band was studi ed
in general, there was found a significant difference at .01
| evel . Statistical analysis also reveals that there is
significant difference in the interaction of test frequencies

and type of noise ratio. This is indicated in Table 4.

The central masking effect increases as the noise
| evel increases irrespective of the type of noise and this
increase in the threshold was found highly significant at

.01 |l evel. (Table 4) .

Wien the interaction of the threshold shifts for 3
| evel s of narrow band noi se and white noi se was explored there
was found a significant variation in the shift produced by

these two types of noise at .01 level (Table 4) .

Conparative study of the two experinental groups:

Four way anal ysis of variance was used when the results

of the two experinments were conpared.

The mean threshold shifts of the means at three | evels
of narrow band and white noise for continuous and pul sed tones

are sepresented graphically in Figure V.

Table 5 gives the statistical values for all the varia-

bl es studied in the two experinental groups.
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Wien the analysis of the threshold shifts obtained at
each frequency for pul sed and continuous tone was done there
was found a statistically significant difference at .01 |eve

bet ween the shifts produced for the above test tone.

The variation due to change of tones (continuous and
pul sed) was found statistically significant at .01 | evel of

confi dence.

The F ratio for the type of noise (Narrow band and
wi de band) shown in Table 5 was statistically significant at
.01 level. The interaction effect between the type of noise
ratio and the type of test tone was significant at 0*01 | evel

(Table 5).

Statistical analysis shows that the nain effect on
threshol d shift produced by each | evel of noise for every fre-
guency as the level of noise increases was found significant
at .01 level for both the experinental tones. Statistical
analysis also reveals a significant difference in the inter-
action of noise levels and the test tone (continuous/ pul sed)

and was found significant at .05 |evel.

Test Re-test Reliability:

The scores of 10 subjects (5 fromeach group) in the
test and re-test session were conputed statistically using
the correlation coefficient. The correlation coefficient in

experinmental group | was of .79 and in experinental group Il .78.
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Thus indicates a higher reliability of the test.

Di scussi on:

The present study yielded 4 to 7 dB and 7 to 12 dB
threshold shift for the continuous tone and pul sed tone when
t he masker was a narrow band noi se. And 3.6 to 5.5 dB and
5 to 10 dB for continuous and pul sed when wi de band noi se was
used as the masker. This indicates that a narrow band has
greater central masking effect than white noise. These
results are in agreenent with the results of Snyder (1973)
who proved that as the bandwi dth of the masker was narrowed
the central masking tended to becone significantly greater.
Further Fletcher (1940) reported that only a small part i.e.,
the critical band of a w de band masker contributes to the

maski ng of a tone.

Zwi cker et al (1957) also showed, while explaining
critical band that when the frequency band of the noise is
reduced close to the test frequency greater shift in threshold
was noticed as a result of central masking. This answers
the first question of the present study that there is a definite
difference in the threshold shift produced by narrow band and
wi de band. The narrow band noi se produces greater threshold

shift than wi de band noi se.

Dirks and Mal ngui et (1965) showed greatest threshold

shift when both tone and noi se were pul sed.
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Zwi sl ock, Buning and Gl antz (1968) showed greater
threshold shift as much as 11 d B where tone and the masker

ware pul sed.

The same effect is also evident in the present study

where greater threshold shift was noticed for the pulsed tone.

This indicates that the threshold shift is different

for different types of stimuli and thus answers question four.

When Zislock (1953) reports a threshold shift of 5 dB,
Liden et al (1959) gives a shift of 5 to 15 d3 and studebaker
(1962), Dirks and Dirks and Mal mqui st (1964) reports an increas
of to to 12 dB. Later Snyder (1973) suggests that the shift
shows that the threshold shift varies from4 to 7 dB in the

continuous tone and 5 to 12 dB for pul sed tone,

As the threshold shift for the continuous tone is with
in 7 dB a uniformcorrection factor of 5 dB may be recommended

in clinical practice.

For the pulsed tone variations are greater. The analy-
sis of variance shows that the threshold shift as frequency
i ncreases was significant when pul sed tone used. This is in
agreement with the study of Sherrick (1961) who had also shown
that central masking effect increases with the test frequency
for pulsed tone stinuli. This suggests the use of different

val ues as correction factor for central masking in clinica
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practi ce whenever pul sed tone is used. Thus the results of
the present study are conparable to those of simlar studies
conduct ed el sewhere. This answers the fifth question of the

present study.

Though 5 dB can be used as a single value for the
correction of central masking for continuous tone in routine
clinical audionetry, audiologists nust be aware that the
central masking effect is frequcny dependent whenever pul sed
stimuli are used in clinical audionetry. An attenpt has al so
been made to forma correction chart for the possible central
maski ng whenever pulsed stimuli is enployed. The val ues

are given in tabular format the appendix V.

Fromthis study it is also noted that central masking
was greater for high frequencies and the sanme results were
reported by Sherrick and Al bernaz (1961). this gives a
conclusion that central masking could not be produced by

aural reflex.

When effect of noise levels on the threshold shift was
studied we found that irrespective of the type of noise there
is a significant increase in the threshold shift as noise
| evel increases. Further this differential effect was grea-
ter for the narrow band noise than with wi de band noi se.
Billings and Bradley (1977) also obtained simlar results

when he used 3 levels of nasker intensities.
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The threshold shift due to any peripheral originis

clearly ruled out as the levels of noise were not high

enough,

When 10 subjects were retested after a | apse of 15
days, they yielded simlar results giving a correl ation co-
efficient value of .78 and .79 indicating that central

masking is fairly constant and is a reliable factor.

The results of the present investigation are al so
in agreement with the findings of other simlar studies that
throw light on this area. This informati on woul d be a
useful guide line for the clinician. This nmay al so becone

a useful tool in the investigation of nornal and pat hol ogi cal

audi tory system



GHAPTER V

SUWARY AND CONCLUSI ONS

Central maski ng phenonenon though reported by Wegel
and Lane in 1924 it was not been studied el aborately. nly
few studi es have been reported so far on this area. The
present study is therefore ainmed at estimating the central

maski ng factor on threshold of hearing in normal subjects.

A sanpl e of 60 subject with an age range of 18 to
24 years were selected for the study. The subj ects were than
divided randomy into two experimnental groups nanely experi -
ment | and experinent |1. In experinent | the tone and the

masker used were continuous where as in experinment Il both

wer e pul sed.

After establishing the hearing thresholds for pure
t ones, both continuous and pul sed and narrow band noi se and
wi de band noi se, both continuous and pul sed, the better ear
was sel ected for masking in two groups. Three | evel s of
noi se, 20 dBSL, 30 dBSL and 40 dBSL respectively were used
to study the effect on the threshold of hearing in the centra-
| ateral ear. The test frequencies used were 250 Hz, 500 Hz,
1 KHz, 2 KHz, 3 KHz and 4 KHz. The central masking effect

was eval uated by conparing the unmasked threshol ds w th nmasked
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t hreshol ds for narrow band and wi de band noi se separately.

The data obtai ned was then anal ysed statistically to
find the significance of these results when, conpared to
ot her study results. The val ues to be used as correction

for central masking are given in Tabular Form (Appendi x)

The results, on analysis, indicate that narrowband is
an efficient nasker for pure tones than w de band noi se,
t her eby supporting the viewpoint of Fletcher (1940) and
Zwi cker (1957) and the critical band hypot hesi s,

Though the present study limt the use o5 centra”
maski ng effect as a correction factor in clinical nmasking we
Fervently believe that it nmay becone an indirect tool in the
I nvestigation of the nornmal and pat hol ogi cal auditory ner-

vous system

Suggestation for the further study:

1. Further research may be conducted on clinical group the

study the behavi our of the pathol ogi cal ears.
2. Study nmay be repeated using Bone conduction receivers.

3. Change of central nmasking using insert receiver and
usi ng hi gher sensation |evels nmay be studi ed.

4. The effect of continuous noi se on pul sed tone and pul sed

noi se on continuous tone nmay al so be expl ored.



5. Change of threshold shift by varing the frequency of the
masker and keeping the frequency of the test tone
constant may be studied for different audionetric

f requenci es.
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APPEND X |

Sound pressure | evels in the sound

treated room at various frequencies

Max. al |l owabl e noi se
| evels in dBSPL re
0. 0002 dy/cm

SPL value in the
test roomin -
dB .0002 dy cm

C Scale 30 33
Cct ave bands:

75 - 150 Hz 31 18
150 - 300 Hz 25 17
300 - 600 Hz 26 15
600 - 1200 30 9

1200 - 2400 38 11
2400 - 4800 51 10.5
4800 - 9600 Hz o1

10



APPENDI X 1|

Audi oneter Calibration

Standards: [1.S.Q (1964)

Audi onet er: Madson Type OB 70

Notes: 1. Used 6 6.c.coupler, artificial ear
(B&K type 4152) and Mk-41/ AR ear
phone cushion

2. B&K sound level neter type with
External Filter (type 1613)

3. Dial setting was at 60 dBHL.

A Pure Tones:

Frequency dB S.P.L with Measur ed out put
in Hz ref. 0002 dy/cnf with ref. 0002 dy/cnt
250 Hz 25.5 85.5
500 Hz 11.5 71.5
1 KHz 7.0 67.0
2 KHz 9.0 69. 0
3 KHz 10.0 70.0
4 KHz 9.5 69. 5

Nar r ow band noi se

Centre frequency dB S P.L re- Measur ed out put
in Hz 0002 dy/ cnf
250 Hz 25.5 85.5
500 Hz 11.5 71.5
1 KHz 7.0 67.0
2 KHz 9.0 69. 0
3 KHz 10 70.0
4 KHz 9.5 69.5

wi de Band noi se

19.5 79.5




APPENDI X 11|
RECORD SHEET
Nanme:
Age :
Cccupation
Sex:
Hi story:

THRESHOLD SENSI TIVITY FOR PURE TONES

Ear 250 Hz 500Hz 1 KHz 2 KHz 3 KHz 4 Kz

THRESHOLD SENSITIVITY FOR N. B. & WB. NO SE

Ear 250 Hz 500 Hz 1 KHz 2 KHz 3KHz 4 Kz WB

R L

NARROW BAND MASKI NG NO SE

Noi se levels 250 Hz 500 Hz 1KHz 2 KHz 3KHz 4 KHz

20 dB SL

30 dB SL

40 dB SL

VWH TE BAND MASKI NG NO SE

Noi se | evel s 250 500 | K 2 KHz 3 KHz 4 KHz

20 dB SL

30 dB SL

40 dB SL




T T ]
1
e e e e i S - L
1 1 = "
i 13
i 8
" 340
- i - . :
= o H =z
REmEE
= i
- 4 - =
1
Emosan 3
i | § H e
I z= il
HH e ¥
1 It H
T m ;
s : T T i i3
} : H + 1T
iaaaes o T . 1 L
- - e amar et " - R - .
FEE = } ] - 3 mEEm :
‘| A i " tH = H
1 }
BuEases fRypegn ]
|
3 3 f - HH ]
1] " i
8 H H
saw = 1] T TEnmEsEE 3 #spumn H
i i i HHEH
T T
e -
1
4 1 S wan T i r
1 e H H
i - A b "
HHHEE H
1 -
)t B RER
=g = T
EmEmmpgi C 11 " nsa H
REEEEREE L. : .
i | T = H H
3¢ H H o
I£%) EaE T
3 2 H
LT
i
O 1
Eusn i | .
L - H
e rares
it R T ot H
FH it 1 T
I Tt
T T
T n B TH
(o Eaw T W
8
.
t | T
5 10 0 T R R




APPEND X V

Correction for central nasking
for pul sed tone when a pul sed
narrow band and w de band noi se
Is, used as a nasker

66

Fr equency Nar r ow Band Wde Band
in Hz Noi se Nol se
250 Hz 7 5
500 Hz 9 7
1 KHz 10 8
2 KHz 11 9
3 KHz 12 10
4 KHz 12 9



