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| NTRCDUCTI ON

The reduction in sensitivity follow ng exposure to any
stimulus of significant duration is a comron functional
characteristic of all sensory systens. For sone systemthe
sensation fol | owing exposure to stimulus may di sappear
conpletely (eg. gustatory and ol factory sense). For others
there is nerely a reduction in apparent nagnitude or an
i ncrease threshold (eg. auditory sense). In all cases such
changes are tenporary changes as long as the stinulation does
not exceed critical limts, which is the case of everyday

|ife for nost receptory system

For a long tine the problemof auditory fatigue has been
vexed with uncertainty and controversy as many of the rel evant

paraneters intract with each ot her.

Auditory fatigue is one of a nunber of terns used to
descri be a tenporary change in threshold sensitivity follow ng

exposure to another auditory stimuli (Vard, 1963).

Auditory fatigue is a tine |inked process which not only
grows with duration of exposure but al so di sappear, nore or

| ess swiftly as function of tinme since exposure (Ward, 1963).

The nost common index for auditory fatigue is the

tenporary threshold shift (TTS) which indicates any post -



stimulatory tenporary shift in auditory threshold that

recovers over tine (ward, 1963).

It is usually estimated by first determning the norma
t hreshol d than exposing the ears to fatiguing stimulus and
finally finding the post-exposure threshold. The difference
bet ween t he pre and post exposure threshol ds defines the

severity of the fatigue (Donald et al 1970).

TTS has received a great deal of experinental attention
since Wbeantschitsch's (1881) discovery of phenonenon
(Ward, 1973). TTS or post-stimulatory fatigue has generated
a nunber of interesting investigation both experinmental and
clinical and perhaps been the nost studied after effect of

auditory stimulation.

The range of individual differences in the anmount of
TTS produced ny specific exposure to pure tones, noise, or
inpulse is quite large. Since exposure that produce nore
TTSin group of ears also tend to result eventually in nore
aver age permanent | oss, it has been assumed that individual
ears displaying the least TTS froma given short exposure at
noderate level will be the noat resistant to permanent | oss
from either prolonged exposure to noderate |evels or short

exposures at extreme |levels (Ward, 1963). Therefore through

vari ous neasurenent of TTS one m ght be able to predict



i ndi vidual differences in susceptibility to permanent damage
fromhi gh intensity sound by neans of individual differences

in the TTS produced by a much | ess intense exposure.

It is recognised that five primary factors influence
the size of the TTS: (I) Recovery process, (2) Intensity of
the fatiguing stimulus, (3) Frequency of the fatiguing
stimulus, (4) Duration of the fatiguing exposure and (5) Test

frequent .

The careful observations have shown that wonmen have better
heari ng than nen, even when the noi se exposure has been equa
inthe two groups (Kylin, 1960; D eroff, 1961). However if one
exposes normal hearing col |l ege students of both sexes to the

sane noi se, the nmen and wonen show equal TTS (Vard at al, 1959).

Fl et cher and Loeb (1963) found no significant difference
between nmal es and femal es i n anmount of TTS at 4KHz but did
di scover a significantly greater amount of TTS in fenal es at

2KHz .

Fromthe mddle ear nuscle reflex activity studies,
Ward (1966) suggested that feral es have nore efficient mddle
ear nuscle than mal es, on the basis of TTS data which reveal ed
that fermal es displayed | ess TTS than nal es when exposed to a

| ow frequency band of noise. But when a high frequency noi se



was used, femal es showed greater TTS. Further Ner bonne and
Hardi ck (1971), Karlovich et al, (1972) also reported an
absence of the significance differences in TTS nmagnitudes
bet ween nal es and fenal es; however the former reported a

faster recovery rate in fenal es.

Axel sson and Lindgren (1978) studied TTS after exposing
subjects to pop nusic and reported that nmal es showed nore TTS
than the fermales at all frequencies from1-8 KHZ whil e fenal es

were only affected at 3, 4 and 6KHz.

| nspite of many studies, the controversy still exists
t hat whet her any sex difference exists in auditory fatigue.
The present study was planned to find answers to the follow ng
guesti ons:

1. Isthere a difference in anount of TTS produced anong nal es
and fenal es.

2. Is there adifference in recovery rate after cessation of
fatiguing stinmulus anmong nal es and femnal es.

Statement of the problem

The present study was ained at studying whether there is
any significant difference between TTS produced and rate of
recovery anong nales and fenales in order to arrive at sone
conclusions regarding the sex differences in the auditory

fatigue.

Hypot hesi s of the study:

The present study was undertaken to verify the follow ng

nul | hypot hesi s.



- There is no significant difference in TTS produced anong
mal es and fenal es.

- There is no significant difference in rate of recovery
after the cessation of fatiguing stinulus anong nal es
and fenal es.

Brief Plan of the Study:

10 mal es and 10 fenal es subject with nornal hearing at
20dB HL with no history to exposure to intense sound were
exposed to 100 dBSH, pure tone at 2 KHz for 10 m nutes. Pre
exposure and Post exposure threshold were determned at
4KHz, one octave higher than the fatiguing frequency, TTS,
TTS; and TTS; were determned for each subject and statistical
anal ysis was done to find the significance between the anount

of TTS and rate of recovery anong two groups

Definitions of the terns used in the study:

1. Tenporary threshold shift(TTS): Refers to an elevation in
threshol d of hearing which recovers gradually follow ng the
noi se exposure.

2. TTS;: Tenporary threshold shift nmeasured just after the
cessation of fatiguing stinmnulus.

3. TTS, :Tenporary threshol d shift nmeasured one mnute after
the cessation of fatiguing stinulus.

4. TTIS,: Tenporary threshold shift neasured two mnutes after
t he cessation of fatiguing stinulus.

5. Fatiguing Frequency: The frequency at which the ear was
exposed continuously to produce the fatigue.

6. Test Frequency: The frequency at which t he threshol ds were
determned after the ear was exposed to fatiguing stinulus.

7. Recovery period: Tinme between the cessation of fatiguing
stimulus and threshol d determ nati on.
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REVI EW OF LI TERATURE

The experinmental literature on auditory fatigue is discourag-
ingly large. As a matter of fact, in auditory fatigue the unsolved
probl ens greatly out nunber the established facts. No attenpt haa
been made here to review the literature related to auditory fatigue,
as the detailed review concerned wth tenporary threshold shift -

t he nost common index for auditory fatigue, haa been discussed by
many investigators. (Elliot,et al. 1970, Ward, 1973; Bishnoi, 1974,
Sreemathi, 1980).

The present review of literature is discussed under two main
t opi cs;
1) General information and factors affecting auditory fatigue.

2) Auditory fatigue and sex differences.

Auditory fatigue is one of a nunber of terns used to describe
a temporary change in threshold sensitivity follow ng exposure to
another auditory stimuli (Ward, 1973).

The nost common index for auditory fatigue is the tenporary
threshold shift (TTS) which has been an inportant topic for experi-
mentation and discussion for the past 120 years and has been gene-
rating a nunber of interesting investigation both experinental and

clinical.

It has been confirned by nunber of authors (Ward, Gorig and
Skl ar, 1959; Nixon and Gorig, 1961; Kryter, 1963) that the tenporary

threshol d shift and permanent threshold shift are closely related
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and therefore as part of the public interest in hearing conservation
In recent years, audiologists and ot hers have investigated exten-
sively the relationship between |oud noi se and hearing threshol d
shifts whet her permanent (PTS) or tenporary (TTS). Tenporary thresh-
old shift are often used to predict noi se induced hearing loss (N H)
and various susceptibility tests have been devised. However, rela-

tion of TTS and NI HL has not been consi stently found.

Ward (1963) has condemmed the several findings related to
TTS, and has contributed extensively in the area of TTS, Follow ng
is a brief summary of the different findings reported in the avail -

able literature on TTS.

. RECOVERY FROM TTS:

Recovery process fromTTS seens to be dependent on fewer of
the stinmulus paranmetres than the growth process. Once a given TTS
has been generated, it tends, by and large, to recover at a certain
rate that depends very little on howthe TTS was produced (VWard
et al. 1959b; Kylin, 1960). Furthernore, the recovery is usually
exponential in form- faster at first, then slowi ng down. The

recovery process is linear in the logarithmof timne.

The nost wel | - known exception to the rule that recovery is
linear in log tinme is the so-called "bounce" phenonenon that some-
time occurs in the first 2 mn. of recovery. In this condition the
TTS neasured after onemnute will be greater than the TTS neasured

after 30 seconds of recovery tine.
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A second exception to the uniformty of recovery of TTS is

found when TTS, is too great. |f the exposure has been so severe
that TTS- at sone frequency exceeds about 50dB, then recovery
instead of being linear in log tine, proceeds linearly in tine
(Ward. 1960Db).

The recovery process seens to be relatively independent of
test frequency. That is if TTS, is 25 dBthen TISy wll be
about 10dB, whether the test frequency is 500 Hz or 5000Hz.
GROMH OF TTS:

The growt h of TTS i s dependent on many factors. Al the para-
meters which are neasureabl e can affect the growth of TTS. If a
pure tone is used as fatiguing stimulus, then the frequency, inten-
sity, and duration are inportant factors which can affect the growth
of TTS. For continues noise, the |l evel, band w dth, duration, and
peak factors are the salient aspects. 1In case of inpulses and
expl osi ons, the peak intensity, rise tinme, nunber of inpulses and
duration of exposure all determne the TTS produced. If the fatiguer
I's a conbi nati on of tones and noi ses and/ or pul ses, still other
rules seens to apply. |If the fatiguing stinmulus is intermttent
or has tinme - varying frequency characteristics, the TTS produced
will be less than that produced by the sanme anount of energy in

a steady exposure (Vard, 1963).

Furthernore, the paraneters are, in nmany cases, interactive,
| i ke duration, intensity frequency etc. effect each other in conplex

manner. Also there are large inter-individual variationa(Ward, 1963).



FACTCRS AFFECTI M5 AUDI TORY FATI GUE:

. INTENSITY:

Cenerally TTS grows with intensity. The growth of TTSw th
intensity depends on all the other paraneters. The growth ia
linear but if one waits for the short term(R|) process to dis-
appear by nmeasuring the TTSonly after 2 mn. or nore, the growth

of TTSwith intensity becones even nore |linear (Ward, 1963).

For recovery tines |less than a second and | onger than 2 m n.
the TTS ia proportional to the anmount by which the sound pressure
| evel exceeds sone base val ue; this base value is 75dB for octave

band noi se (ward, 1963).

The main exception to this rule that TTS increases with
intensity occurs at vary high levels (Davis et al,1950). It was
observed that a given exposure to 130dB SPL sonetinme produced | ess
TTS than the sane exposure at 125dB SPL. The noat |ikely expl ana-
tion for this reversal is that the node of vibration of the stapea
may change at very high levels, a change that is in turn produced

by the maxi mumcontracti on of the m ddl e ear nuscl es (Bekesy, 1949).

At intensity |levels around 80-120dB SPL, m ddl e ear nuscles
cones into action and thus increase in the amount of energy reach-
ing cochlea is not linear. This effect is seen nove at | ow

frequenci es than at frequenci es higher than 2KHz (Ward, 1963).
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1. TEST FREQUENCY:

TTS i nvol ves areas, not points, on the basilar nenbrane. At
| ow | evel s of stimulation, the nmaximumeffect is produced at the
stimul ation frequency | ess at adjacent frequencies. As one raises
the | evel, however this no longer is universally true, instead,
hi gher frequencies are sonetines nore affected than | ower (ward,

1963) .

Maxi mum TTS i nduced by exposure to intense sound often occurs
at frequenci es above t he exposure frequency (Davis et al, 1950 ;
Ward, 1962). In fact, it is not uncommon to observe no TTS at the
exposure frequency even though t he exposure was intense enough to

produce 15-20dB of TTS at hi gher frequencies (Hrsh and Bilger, 1955).

Ceneral |y the naxi num TTS observed is half octave to an
octave above the stinulating frequency (Ward, 1963), but itis
inportant not to be msled by this title; the TTS nmaxi num may
occur at any frequency above the exposure frequency (MFadden and

Plattsmer, 1983).

McFadden and Plattsmer (1983) studied the TTS for several
different test frequency follow ng exposure to a 2500Hz tone. The
intensity of the exposure tone was varied from82 to 97dB SPL for
5 or 10 mnutes duration. |n each post-exposure session, TTS was
followed for four test frequencies. 1In all cases TTS pattern noved

upward in frequency as exposure intensity increased.
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Most of the investigation on TTS have been concerned w th
effects produced by sounds in the frequency range of 500Hz to
4000Hz. studi es whi ch have used band of noi se or pure tones,
bet ween 63Hz and 250Hz (Burdick et al,1977; Patterson et al, 1977,
and MIls et al,1983) suggest that the rules for TTS produced
by m d- and hi gh frequency sound apply to TTS produce by | ow
frequency sounds with exception that whereas TTS i s greatest
hal f octave or one octave above the centre frequency or upper
cut off frequency of the noise (Ward, 1962; Yamanoto et al, 1970),
TTS from |l ow frequency sound is greatest in frequency regi on of
best auditory sensitivity (500Hz - 4000Hz) which can be 3-5

oct aves above t he exposure frequency.

The above characteristics of TTS frompure tones are al so

true of TTS produced by noi se (Ward, 1962).

11 EXPCBURE FREQUENCY:

The hi gher the exposure frequency* atleast upto 4000Hz -
6000Hz, the greater the TTS produced. Further, the pure tones
are assuned to be nore dangerous than octave bands of noise
(Anonynous, 1956). However, this was an assunption based on the
critical band hypothesis (Kryter, 1950) that if a given anount of
energy were concentrated within a single critical band, it would
be nore dangerous than if it were spread over several critica
bands. Pure tones bel ow 2000Hz produce nore TTS than correspond-
I ng octave bands of noi se when both are at the sane intensity.

But the effect is adequately explained by the difference in the
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ability of the two stimuli to produce sustained reflex arousal of
the m ddl e ear nuscles. Wen a pure tone ia presented, the nuscles,
after aninitial contraction, rapidly relax. However a noi se pro-
duced a nore sustained reaction presunmably because of it's random
nat ure, which continuously reasouses the reflex. Therefore, nore
energy reaches the cochl ea under pure tone exposure conditions, and
the reflex and not the critical band hypothesis is the determning

factor (ward, 1962b).

At | ow frequenci es pure tones are nore dangerous than noi se,
not because of "concentrating energy in snall area" but because of
the aural reflex. However at, high frequencies, the noise nmay even
produce nore TTS than the correspondi ng center frequency pure tone
(Wasanurthy et al,1974). Smth and Loeb (1968) found that higher

t he exposure frequency nore the tine to recover.

V. DURATI ON OF EXPCBURE

The TTS grows linearly with the logrithmof tine. But at
| oner frequencies, the situation is conplicated by the action of
the reflex. The longer the noise is on, the nore the nuscle rel axes
and so the greater is the effective | evel reaching the inner ear,

ao the TTS gets positively accelerated. (selters, 1962).

The increase in TTSwth exposure tine is found under al nost
all conditions. The nmain exception is reported by Bentzen (1953)
for very short values of recovery tinme. H s test tone was 20- or

30 nsec, pul se of the sane frequency as the exposure pulses with
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a del ay pause of 50 nsec. Under these conditions, the TTS from
noderate | evel s was the sane for all exposure durations fromO0. 25

to 2 seconds (Gted by Vrd, 1963).

V. | NTERM TTENT EXPOSURE

When the exposure is intermttent or varies in level, the
action of mddle ear nuscl es becones nuch nore inportant because
even a short rest will at least partially restore their contractile

strength.

Ward et al, (1958) have shown the relation, that if during
the total exposuretine (T), the exposure stimulus is only on a
Certain fraction (R of the tinme, then the TTS produced wi Il be
only Rtinmes as great as that produced by a continues exposure at
that level. This relation holds for burst - durations ranging from
a quarter of a second (Rol, 1956) upto 2 mnutes (selters and Ward,
1962). For noi se bursts shorter than 0.2 sec. or |longer than 2-3
m nutes sonmewhat nore TTS is produced than as the fraction rule
woul d predict. Furthernore, the rule al so breaks down for conbi na-
tion of very snmall on-fraction (0.1 or below) and very high inten-

sities (above 110dB).

Anot her principle applicable to intermttent noise, is that
while the level is belowthe "OCitical Level" (the level that just
fails to produce TTS lasting 2 mnutes or |onger) or base val ue,
recovery proceeds. Just as fast as if the ear were in conplete

silence (Ward, 1960a).
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The rules applicable to intermttent noi se exposure are known

as "on-fraction" "exposure-equivalent" and "equival ent continues".
Ward at al,(1959a, b) have derived sone equations, and one of such

isinthe follow ng form-

TTS=K; (S S0) (log T-K;) + Ks where (S So) is the average val ue
of the amount by which level S exceeds the base val ue (negative
val ues excluded), T is the exposure tinme, and K;, K2 and K; are
constants. However, this formof equation holds for (1) exposure
durations of 10 mnutes or nore; (2) Recovery times of 2 mnutes
or longer; (3) Exposure frequency 2000Hz or greater; (4) SPLs bel ow
125dB SPL; and (5) For intermttent exposure, burst duration of

from1l/4 seconds to 2 m nutes.

M SCELLANEQUS FACTORS AFFECTING TTS:

In addition to the parameters which have di scussed, many
ot her conditions mght be relevant in determning the exact val ues

of TTS. Sone of themare as foll ows: -

1) Interactive effects:—The course of the fatigue process at one

area of the basilar nenbrane is relatively independent of conditions
existing at other areas. It has been shown that though two noises
wer e producing TTS at their own respective regions on basilar
menbrane, neither had any effect on the other. (Ward, 1961a).

2) Hearing level or resting threshold:- TTS is inversely propor-

tional to hearing level i.e. if thresholds are higher, TTS produced

is less. |If aperson is suffering frompure conductive hearing |oss,



then all the energy of the fatiguer will not reach cochl ea and t hus
he wi Il have | esser shift than a nornmal hearing person when both
are exposed to equal anmount of noise. Individual wth pure sensory
hearing loss also will showless TTS than nornal individuals, but
only because they have less to lose, as it were. The energy enter-
ing the cochlea of such a person is no different fromthe norna

case. (Ward, 1963).

3) Vibration:- Mrita (1953) reported that when 10 subjects were

exposed to 100dB white noi se for 30 m nutes whil e simltaneously
being vibrated, the TTSwas greater than if the | QQdB noi se acted
alone. This mght be due to | essened protective effect of mddle

ear nuscl e due to vibrati on.

Yokoyama et al,(1974) studied the changes in auditory sensiti-
vity with vibration and vibration - plus - noise. There were no
significance change in threshold sensitivity after exposure to
vibration alone. Exposure to vibration and noi se sinultaneously
caused greater threshold shifts and | onger recovery tinme than expo-
sure to noi se alone. They suggested that the effects of the conbined
noi se and vi bration m ght be the results of sone disturbances of
physi ol ogi cal honeostasi s or possible nmechanical interactions with

it's blood supply.

4) Latent and residual effects:- Noises which fail to produce a

neasurabl e TTS, do not enhance to a neasurabl e degree t he nagnitude
of TTS produced by a subsequent exposure. Thus latent effects of

stimulation are uninportant (Ward, 1960a).
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Harris (1955) showed presence of residual effects. He resti-
mul ated hi s subjects many tines after the TTS due to previous
exposure reached zero. He found increnents in TTS in every subse-

quent exposur e.

5) Vitamn-A - |In subjects having diet containing reasonabl e anount

of Vitamn-A admnistration of vitamn-A does not effect the TTS
and it's recovery. It is possible but not denonstrated yet, that
deficiency of vitamn-A m ght change the course of auditory fatigue
(Ward. 1963).

6) Oxygen:- It is known that adequate oxygen i s necessary for norna
functioning. But excess of O, does not have any effect on course

of fatigue as already denonstrated. Anoxia causing increased TTS
has not been denonstrated in humans but it is already shown in

gui nea pi gs. Reduction in cochlear m crophonics was nore when the
animal s were in 10%oxygen state throughout the experiment (38

m nutes) thaa when they were in 10%oxygen atnosphere for only

5 mnutes (Hrsh and Ward, 1952).

7) Salt:- Cook (1952) speculated that excessive use of ordinary
salt may cause the ear to becone waterlogged and not only produce
endol ynphatic hydrops but also increased TTS. But it isonly a
specul ati on and no experinmental data have been obtained in this

di rection.

8) Drugs:- Drugs, especially nyorelaxina have effect i.e. nmore TTS

I's seen because m ddl e ear nuscles wi || Dbe inoperative.
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Lehnhardt (1959) reported that admnistrati on of M/orel axin
resulted an increase in TTS at and bel ow 3000Hz and a decr ease

at and above 4000Hz.

9) Iris-Pignentation:- subjects with highly pignmented irises (brown)

experience | ess TTS than those with | eas pignented irises (blue)

and that those with green-grey pignmentation display internedi ate
anmount of TTS. Tota and Bocci (1967) noted hi gh correl ation between
the nmelanin content in the strio-vascularis and that found in
pigmentation of iris; they contributed their TTS difference across
eye colour to the protective effects of nelanin. The results of

Karl ovich (1975). study, however, do not support the hypothesis
that individual with highly pignented irises (brown-eyed) are nore
resistent to auditory fatigue than those with | ess pignmentation of

iris (blueeyed).

10) Level of consciousness and central factors!- Chernyak (1958)

reported a study where it was found that | ess TTS to be produced
by a given noise if the subjects was hypnotized and told that he
was in silence. Wrnick and Tobias (1963) reported that when
subjects were required to do nental arithnatic during exposure to
fatiguing stimuli, they exhibited greater TTS, than when they were

required to do no task.

But different findings have al so been reported. Wrd and
Sweet (1963) exposed 12 subjects to a 4000Hz tone at 100dB SPL
for 3 mnutes under 2 conditions, (a) sitting quietly and (b) adding
colums of thefigures. Pre and past exposure threshol ds at 5-6KHz

were determned with Bekesy audionetry using interrupted tones.
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No significant differences in TTSwere found at any tine after
exposure, in fact the greatest nmean difference at any ti ne waa
I n opposite direction. The TTS at 2 mnutes 15 seconds was 14dB
for revire conditions aad 12 dB for the nental task. It is con-
cluded that the efferent systemneed not be involved to account

for any aspect of auditory fatigue.

I n an el ectrophysi ol ogi cal study, Babighisn (1975) exposed
rats to continuous sound. A decrease in cochlear m crophonics,
action potentials and inpulses frominferior colliculus was found,
But reduction in inpulses frominferior colliculus was nore and

it was concluded that central factors were invol ved.

12) Binaural and Monoaural Stinulation

H rsh (1958) studied the nonoaural TTS follow ng nonoaur al
and bi naural exposure under 3 experinental conditions to ascertain
whet her or not TTS depends upon whet her one ear or both ears were
exposed to sound. The result showed that the TTS for 1KHz tone is
t he sane whet her the ear was tested al one, or both ears simlta-

neousl y.

Ward (1965) conpared the TTS foll owi ng nonoaural and bi naura
exposures to three different high intensity stimuli. The nmaxi mnum
effect occured at 2KHz where the binaural exposure gave |l ess TTS
as conpared to nonoaural exposure. This reduction is TTS was
explained in terns of feedback loop and it was reported that with
the increased input when the second ear is stimulated, the total
activity of reflex centre also increased in mddle ear nuscle acti -

vity.



Mel ni ck (1967) found that nore TTS occured when t he exposure
signal was 180° out of phase in the experinment on the effect of
two interaural phase conditions for binaural exposure on threshold

shift.

Shi vashankar (1976) has reported that there is no significant
difference in TTS between nonoaural and bi naural exposure to high
frequenci es tones, especially at 3000Hz at TTS,. This coul d be
explained in the light of the assunption made by Dayal (1973) that
t he action of honolateral Qi vo-cochl ear bundl e which m ght inhibit
t he responses of the higher centres* as cross edolivo-cochl ear

bundl e does not play a role in adaptation mechani smat high frequency.

13) TTS and Ear Difference:- R ght and Left ears of hunman bei ngs

are often shown to be having differential abilities to process audi-
tory stimuli. simlarly, ear difference in auditory fatigue hag

been reported.

dorig and Rogers (1965) found that right ear was better in
hi gh frequency and left ear in the | ow frequency when TTS was

neasured after exposure to noi se.

Ward (1967) pointed out that the sanme ear may al so exhi bit

different susceptibility to different frequency bands.

Jerger (1976) showed simlar differential effects in the TTS

in the 2 ears.

Weiler at al (1974) investigated the hearing of teenagers

who voluntarily exposed thensel ves to repeated sessions of |oudly
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anplified pop nusic. Hearing thresholds were neasured before and
30 mnutes after exposure for 8 weekly sessions of rock and rol
nmusic wth an average SPL of 110dB to 115dB. Significant TTS were
found in all subjects, especially in high frequencies. The expo-
sure had differential effects on the 2 cases at the sane test
frequencies. The left ear showed a significant increase in TTS

at 4KHz for the last session and a significant decrease in TTS at
500Hz and 1000Hz. The right ear had significantly greater TTS at
1000Hz and at 4000Hz for the |last exposure with an increnent in
threshold shift apparent in all test frequencies. The average TTS
was greater at 250Hz and 500Hz in the right ear. The left ear had
nore TTS than right ear at 1000Hz and 2000Hz and right ear had nore
TTS at 4000Hz and 8000Hz than the left ear. The project foll owed

t he subjects through a series of weekly exposure to rock and rol
music. Mean right ear TTSwas greater for the final exposure at
all frequencies left ear TTSfor the final session only at frequen-

ci es about 2000Hz.

Axel son and Lindgren (1977) determned hearing thresholds in
83 pop nusi ci ans average exposure tine of 9 years and average
weekl y exposure tinme of 18 hours. In the analysis of the whole
popul ation there was a clear difference between the right ear and

left ear in that the left ear was better in high frequency.

According to Wil er (1964), the m croscopi c physical variation
between the 2 ears relative to the oval wi ndowcoul d be responsi bl e.
Such a difference mght cause the fluid pressure waves in the inner

ear to stress the sensorystructureat slightly different point.



14) TTS and articulation;- TTS is reported to be |ess while subjects

articul ate during exposure.

Shearer and S mmons (1965) observed changes in acoustic inpe-
dance associ ated with noderate intensity whispering and vowel / a/
phonation. Acoustic inpedance change preceded in initiation of
apeech sound by 65 to 100nsec. or at |east coincided with speech

out put .

The occurrence of acoustic inpedance slightly before speech
out put woul d indicate that the stapedi us nuscl e under these circum
stances is activated concurrently with a speech nuscul ature (Mt z,
1946). sothemddle ear activity is part of neurol ogical pattern

in the production of speech.

Anot her change in peripheral auditory transm ssion systemis
alteration in the vibration pattern of the stapes which reduces

t he noti on of cochlear fluids (Bekesy, 1960).

The effects of hummng were studied on TTS froma 5 m nutes
500Hz 118dB SPL Exposure. The experinental technique consisted of
neasuring hearing threshold at 700Hz before and after exposure,

t hi s exposure bei ng acconpani ed by the perfornmance of a specific
activity such a hummng. Results indicated that TTS fromthe expo-
sure acconpani ed by hummng was significantly ess than TTS from
exposure w thout any supplenentary activity (Benguerel and MBay,

1972) .

Ward (1963) inplied that the mddl e ear nuscl e refl ex shows

| ess adaptation and nore potential for reactivation Wien a change
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or intermttent acoustic stimuli is presented to the ear. so the
articul ation causes continues reactivation thus |ess energy

reaches cochlea and thus | ess TTS i s observed.

Shreemat hi (1981) has studied the effect of articulation on
auditory fatigue. Subjects were asked to read a passage in experi -
mental condition. TTS in experinmental condition was |esser than
TTS in control situation in which subjects nmaintained silence. This
effect was seen at 1000Hz but not at 4000Hz where m ddl e ear reflex

function i s not effective.

AUDI TORY FATI GE AND SEX DI FFERENCES

Hearing surveys invariably indicate that wonen have nore sensi -
tive hearing than men at high frequencies by the tine they reach

their 20's and that the difference increase with age.

Wsconsin State fair survey (1954) as a function of frequency
and age decades showthat no difference in hearing | evel between
sexes in the 10 to 19 age group. The survey shows wonen have greater
sensitivity. This inplies that the differences that beconmes apparent
I n ol der groups represent a nore rapid decrenent in hearing in nmen

than in wonen, not an inherent initial difference in sensitivity.

The explanation that conmes first to mnd is that nen are nore
exposed than wonen to auditory hazard such as industrial noise,
gunfire, fireworks, sad bl ows on head. However, it is also reported
that, even when nale and fenal e work side by side in a noisy industry,
mea show a greater hearing | oss than females - nore apparently, then
one woul d expect if the only difference in total exposure were

SOcCi ocusi c.
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It is therefore reasonable in view of the characteristically
greater resistance of wonen to diverse and debilitation in general,
to ask if perhaps fenales are not sinply | ess susceptible to hear-

ing | oss than mal e, other things being equal.

Now the trouble with industrial hearing | oss data is that
ot her things are not equal. Even when nale and fenal e workers work
I n same noise, fenale still get | ess average exposure than nal e:
they take | onger and nore frequency rest periods and nore sick
| eaves (Qorig, 1966). Furthernore, a process of selection nmay be
acting a differential manner; the economc necessity for remaining
on a noisy j obi s often greater for nmal e than fenal e, so the nore
susceptible fanale may guit after a day or two, while the nore

suscepti bl e mal e cannot .

An experinment was designed (Ward, 1959) to test the hypothesis

that there is a difference between nen and wonen in susceptibility
to TTS. The TTS at 3000 and 4000Hz produced by a one hour exposure
to a noise of 1200-2400Hz at 100dB SPL was neasured on 30 nor nal
heari ng col | ege students 15 nen and 15 wonen. The TTS was agai n
neasured at the end of the exposure and also at 17.47 and 90 m nutes
after cessation of the noise. Wnen showed slightly Iess TTS than
men, the differences were not significant. They concluded that no
apparent sex |inked.difference existed between mal es and fenales in
t he anount of TTs experienced or in the role of recovery fromthe

exposure.



24

Fl et cher and Loeb (1963) also investigated the relationship
bet ween sex and susceptibility to TTS, exposing 50 nen and 50 wonen
with normal hearing to 12 mnute of a 1.2 - 2.4 KHz band of random
noi se at 110 dB SPL. They found no difference between nal es and
females in the anmount of TTS experienced at 4 KHz, but did di scover

a significant greater anmount of TTS in the females at 2KHz.

Ward (1966) nade various neasurenents of TTS fromhigh inten-
sity tones and noi se were nade on 24 nmal es and 25 fenal es young
normal hearing adults. S gnificantly nore TTS was produced in nal es
by | ow frequency stimuli (below 1000Hz) and significantly |ess by
hi gh frequency stimuli (above 2800 Hz). No difference between sexes
in TTS fromlowintensity (40dB SL) in auditory adaptation, in rate
of recovery froma fixed value of TTS, or in TTS produced by i npul se
noi se coul d be denonstrated. Mal e showed about 30%nore TTS than
female follow ng | ow frequency (700Hz and bel ow) exposure, about 30%
| ess foll owi ng high frequency exposure, with a neutral point at
about 2000Hz. The fenal e showed a greater dimnution in TTS produced

by intermttent noise relative to that froma conti nuous noi se.

There data are constant with the hypothesis that femral e have
nore efficient mddle ear nuscle than mal e, provided that strong
contraction of these nmuscles not only reduces the transm ssion of
| ow frequency energy that al so enhances the transm ssion of high

frequency sounds (Ward, 1966).

No di fference were observed in TTS fromw dely spaced i npul ses
or lowintensity tones, in auditory adaptation at 1000Hz or in

rate of recovery fromTTS of 20dB, 2 mnutes after exposure. These
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results inply that there are no sex linked differences in the
fragility of the sensory structure on the basilar nenbrane or

servein fatigability (Ward, 1966).

When exposure to 1400-2800Hz noi se was effected via a | oud-
speaker that the subjects faced, rather than via earphones, the
mal e showed nore TTS than the fermale. Part of this effect can be
acribed to the fact that men's external ears collect nore sounds
t han wonen's being both | arger and projecting farther fromthe head

(Ward, 1966).

Ward (1966) based on the above results suggested that fenal e
shoul d be placed in occupation with intense | ow frequency energy,

whi | e mal es shoul d be working in intense high frequency noi se.

Smtley and R ntelnon (1971) did not denonstrate any difference

bet ween the nmean TTS in nmen and wonen in their study.

Ner bonne and Hardick (1971) exposed 10 nen and 10 wonen to
110dB SPL of broad band noi se on four separate occasions for 5
m nutes. Each subjects threshold at 4000Hz was determ ned after
1, 9,19 and 29 mnutes of recovery. Even though the 2 groups expe-
rienced simlar anounts of TTS immedi ately follow ng exposure the
fenal es rate of recovery was nore rapid, even when the initial anount

of TTS was hel d constant for each sex.

Axel sson and Lindgren (1978) studied TTS after exposing
subjects to pop nusic. Subjects were pop nusicians and |i steners.

Both nale and fenale listeners had a slight hearing |oss 6000Hz
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prior to exposure. Male listeners have a broader range of TTS
affecting all frequencies from1-8 KHz, while fenmale listeners

were only affected at 3, 4, and 6KHz. At every frequency the

mal e listeners showed nore TTS than the female |isteners. Axelsson
and Lindgren specul ated that male, listeners with a hi gher incidence
of exposure to noise fromdifferent sources may have | ess reserve
capacity of the sensory cells which is reflected in greater

susceptibility to TTS.
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METHCDOLOGY

Subj ect s:

Twenty subjects (10 males and 10 fermales) fromthe
student population of All India Institute of Speech and
Hearing, in the age range of 17 to 23 years, were sel ected
for this study. The selection of subjects was done nainly

on random basi s.

The subjects were selected on the following criteria:
1. They should not have had any history of chronic ear dis-
charge, tinnitus, ear ache, headache, gi ddi ness exposure
to |l oud noi se or any other otol ogi c conpl ai nts.

2. Hearing sensitivity wthin 20 dB HL (ANSI 1969) for the
frequenci es, 250Hz, 500Hz, 1KHz, 2KHz, 4KHz and 8KHz.

| nst runent used:

GSI - 10 Audi oneter with TDH 50p ear phone and P/ N 510 Co 17-1
aural cushion was used. The audi oneter was calibrated according

to the specifications given by ANSI 1969, |SO 1975.

The equi pnent had built in tinme systemfromwhich the

duration of stinulus and neasurenent after cessation of stinulus

was done.

Test envi ronnent:

The study was carried out in acoustically sound treated

roomat the Departnent of Audiology, Al India lnstitute of
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Speech and Hearing, Mysore. The anbient noi se | evel present
in the test roomwere bel ow t he proposed maxi num al | owabl e

noi se l evel . Testing was done in a two-room situation.

Pr ocedur e:

Al'l the subjects were screened at 20dB HL in the
frequenci es 250Hz, 500Hz, 1KHz, 2KHz, 4KHz and 8KHz to find

t he presence or absence of a hearing loss in both the ears.

Threshol ds were established for the right ear at 4000Hz
usi ng Modi fi ed Hughson- West | ake procedure with pul sed tone.

| nstructi ons:

"Now | will present a tone at high intensity in one of
your ears continuously for 10 m nutes. You don't have to
respond to this tone by listing your finger. Al you have to
do Is to keep quiet. Head novenents of any sort should be
avoi ded. Unnecessary cl earing of your throat, coughin%, Vamn-
ing or swallowi ng and any excessive bodily novenents shoul d
be avoi ded".

The reason for avoi di ng unnecessary novenents was t hat
these activities elicit mddl e ear nmuscl e contraction

(O upesl and, 1967).

Subj ects were exposed to 2000Hz fatiguing frequency at
100 dBSPL in the test ear for 10 m nutes.

TTS was determned at test frequency i.e. 4000Hz, one

oct ave hi gher the fatiguing frequency:
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. Imediately after the cessation of the
stimulus (TTSy) .
1. After one mnute of recovery tine (TTS)).

[11. After two mnutes of recovery tine (TTS;).

The data obtained were subjected to relevant statistical

anal ysi s.
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RESULTS

For each subject TTS,, TTS; and TTS, was cal cul at ed.
Table I, and I, shows the tenporary threshold shift (TTS

TTS; and TTS;) for mal es and fenal es respectively.

Tables |1, and I, show nean and standard devi ati on
for TTSy, TTS; and TTS; at 4KHz for nmales and fenal es
respectively. The nean TTS,, TTS; and TTS; in nmales are
34.5dB (SD=7.8), 28dB (SD=7.8), and 25dB (SD=6.3) respectively,
whereas in fenmal es these val ue are 30dB (SD=7.0), 22.5dB
(SD=6.8) and 18dB (SD=5.5) respectively.

Tables 111, and |11, show the raw score for recovery
at 4KHz (Fatiguing frequency 2KHz) at TTIS, TTS;, TTS;-TTS;

and TTS,-TTS; in mal es and fenal e respectively.

Tables IV, and IV, show the nmean and standard devi ati on
of recovery. The nean values of TTSy-TTS,, TTS;-TTS; and
TTSe- TTS, are 6.5 dB (SD=2.2), 3.0dB (SD=3.2) and 9.5dB(SD=3.5)
for males and 7.5dB (SD=3.9), 4.5dB (SD=1.7) and 12dB( SD=4. 58)
for fenal es respectively. Result indicate that femal es have

faster rate of recovery at all the three | evels.

Tabl es V, and V, show the result of Mann-Witney U Test.

It is evident fromtable Vyathat TTSy(U=36), TTS; (U=35)and TTS;
(U=19) arenot significant at 0.05and 0. 011 evel of significance
between the two groups i.e. nmales and femal es. However nal es

show nore TTS than fenal es.



bservation fromtable V, shows critical val ue of
Ufor TTS,-TTS,, TTS;-TTS, and TTS,-TTS, as 45.5, 36, and
37.5 respectively which indicate that there is no signi-
ficance difference between rate of recovery anong nal es
and fenmal es. However femnal es shows faster rate of recovery

than nal es (Table | Vy) .
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Table-11, Man and Standard Deviation of TTS,, TTS; and
TTS, at 4KHz (Fatiguing stimulus - 2KHz) in

mal es.
Mean St andard Devi ati on
TTS, in dB 34.5 7.8
TTS; in dB 28 7.8
TTS, in dB 2S 6.3

Table-11,; Mean and standard Deviation of TTS, TTS; and
TTS, at 4 KHz (Fatiguing stimulus - 2KHz) in

f emal es.
Mean St andard Devi ati on
TTS; in dB 30 7.1
TTS; in dB 22.5 6.8

TTS, in dB 18 5.5
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Tabl e-1V,: Mean and Standard Devi ati on of recovery at
4KHz (Fatiguing Stimulus - 2KHz) in nales.

Mean St andar d Devi ati on
T7S - TTS, 6. 5dB 2.2
7S, —TTS, 3.0dB 3.2
TS - TTS, 9. 5dB 3.5

Tabl e-1V,: Mean and Standard Devi ati on of Recovery at
4 KHz (Fatiguing stimulus - 2KHz) in fenal es.

Mean St andard Devi ati on
7Sy —TTS; 7.5dB 3.9
7S - TTS, 4.5dB 1.7

TS, - TTS,
12db




Table-V,: Oritical values of Uin the Maun-Wiitney Test
for TTSy, TTIS. and TTS;

TTSO TTS1 TTS2
Measured at
AKHz ( Fat i gui ng
frequency 2KHz) 36 35 19
Si gni fi cance Absent Absent Absent

Tabl e-V,: Oitical value of Uin the Maun-Witney Test
for recovery.

TTS- TTS; TTS TS, TTSHTS;

Measur ed at

4KHz ( Fat i gu-
ing stimulus
2KHz) 45.5 36 37.5
Signi ficance Absent Absent Absent

Tabl e val ue at 0.05 | evel

I
N
N

Tabl e val ue at 0.01 | evel

1
=
©
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DI SGUSSI ON

dorig et al (1957) pointed out that frequency and
severity of hearing loss are significantly greater in nale
popul ation than in female. One explanation offered for
this fact has been that fenmal es may be, for unknown reasons
| ees susceptible to the danage caused by exposure to a

gi ven anount of intense noi se.

The purpose of the present study was to examne the
sex difference in auditory fatigue and rate of recovery
following fatigue. 10 males and 10 fenal es subject with no
earlier exposure to i ntense noi se were exposed to 100dB SPL
pure tone at 2KHz for 10 m nutes. TTS waa neasured one
oct ave hi gher than fatiguing frequency i.e. 4KHz wi th pul se

t one.

The result of the present investigation clearly indicated
that there is no significant sex difference in auditory fatigue

at TTS, TTS; and TTS,. However nmal es shows nore TTS than

females. No significant difference was observed in rate of

recovery anong nal es and fenal es, however fenal es showed rapid

rate of recovery than mal es.

The result of this investigation are in general agreenent
with the results of earlier studi es which have been reported
intheliterature in an attenpt to clarify the role which sex

has, in susceptibility to TTS.
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Ward et al (1959) exposed 15 mal es and 15 fenales with
normal hearing to one hour of a 1200-2400HZ band of noi se at
100dB SPL. Mal es showed slightly nore TTS than fenal es but
the difference was not statistically significant. No signi-
ficant difference was observed in the rate of recovery from

t he exposure.

Fl etcher and Loeb (1963) al so investigated the relation-
ship between sex and susceptibility to TTS, exposing 50 man
and 50 wonen with normal hearing to 12 mnutes of 1200-2400Hz
bend of random noi se at 110dB SPL. They found no difference
between nmal es and femal es in the anount of TTs experienced at
4KHz, but did discover a significantly greater anount of TTS

in femal es at 2KHz.

I n another study by Ward (1966) enpl oying 24 nmal es and
25 femal es; the mal e showed approxi nately 30%nore TTS after
exposure to a | ow frequency fatiguing stimlus while they
experienced about 30%]I ess than femal es when exposed to a high

f requency noi se.

Ner bonne and Hardi ck (1971) exposed 10 nen and 10 wonen
to 110dB SPL of broad band noi se and found no sex |inked
difference in anount of TTS, however femal es showed rapid rate

of recovery.
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Axel sson and Lindgren (1978) reported that mal es showed
more TTS than femal e and specul ated that male |istener with
a higher incidence of exposure to noise fromdifferent sources
may have | ass reserve capacity, of the sensory cells whichis

reflected in greater susceptibility to TTS.

Dengerink at al (1984) reported greater TTS in fenal es
wi th cutaneous vasodi |l ati on whereaa mal es showed | ess TTSw th

vasoconstriction for 110dB white noise for 5 m nutes.

The results of present study support the finding of
Ward et al (1959), Fletcher and Loed (1963) and Nerboane sad
Hardi ck (1971), however there is sone di sagreenent with the
results of Ward (1966), Axel sson and Lindgren (1978) and
Dengerink et al (1984) which may be due to nethodol ogi cal, snall
fluctuations in human performance due to sanpling or nmeasure-

ment, or statistical differences between the investigations.

Moore (1982) pointed five major factors which influence
the size of the TTS.

1) The time between cessation of the fatiguing stimlus and
t he post exposure threshold determnation - called the
recovery interval (RI).

2) The intensity of fatiguing stinulus.

3) The duration of the fatiguing stimlus.

4) The frequency of the fatiguing stimul us.

5) The frequency of the test stimlus.
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I nplications for future research

The fenal es nore rapid rate of recovery suggests that
an investigation of the recovery rates of the two sexes with
different fatiguing agents conposed of |ow, high and broad
frequency energy be carried out in an attenpt to further
evaluate this process. |If this difference is verified further,
the fact that fenal es recover nore rapidly fromTTS produced
by signals with a broad frequency conposition could explain
partially why nmen seemto suffer nore TTS and PTS i n many
industrial situation. Further it could be suggested that fenale

shoul d be placed in occupations w th noisy conditions.
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SUMVARY ANMD CONCLUSI ONS

The present study was ained to test the foll ow ng nul
hypot hesi s.
1) There is no significant difference in amount of TTS
bet ween mal es and femal es.
2) There is no significant difference in rate of recovery

followi ng cessation of stinulus anong nal es and fenal es.

10 nal es and 10 femal es subj ects were given a exposure
of 2KHz pure tone at 100dB SPL for 10 minutes. Al subjects
wer e having normal hearing at 250-8000Hz. They were screened
at 20dB HL. Threshol d were obtained at 4KHz for preexposure
and post exposure. TTS,, TTS; and TTS; were cal cul ated for
each subject. Muun-Witney Utest was used to examnine the

statistically significant difference between the two groups.

The findings of the present study are:
1) There is no significant difference in anount of TTS anong
mal es and femal es, however nmean TTS was nore for mal es than
f emal es.
2) There is no significant difference in rate of recovery anong
mal es and femal es, however femal es showed faster rate of

recovery than mal es.

Limtations of study:

1) Small number of subjects were tested.

2) Only one frequency i.e. 2KHz was used as fatiguing stinulus
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3) Only oneintensity i.e. 100dB SPL was used as fatiguing
stinul us.

4) Only one type of stinulus i.e. pure tone was used.

Reconmmendations for future research

1) The sane experinment can be carried out on |arge sanple.

2) Sex difference should be studied at difference frequencies
i.e. lowand highwth different levels of intensity as
fatiguing stinulus.

3) Different stinuli i.e. pure tones and noi se shoul d be
studi ed separately.

4) Physiol ogi cal changes in mal es and femal es due to noi se

exposure should be studied wth relation to TTS.



Bl BLI OGRAPHY




45

Bl BLI OGRAPHY

Axel son and Lindgren (1978)! "Tenporary Threshol d Shift
After Exposure to Pop Miusic", scan. Aud. Vol . 7,

Pp. 127- 135.

Babi ghian, Get al (1975): "Central Auditory Fatigue",
Audi ol ogy, Vol . 14, Pp.72-83

Bekesy, Von, G (1949): "The Resonance Curve and t he Decay
Period at Various Points on the Cochlear Partition",
J. Acoust . Soc. Am Vol . 21, Pp. 245- 254.

Bishnoi, G D (1975): "D stribution of Individual Suscepti-
bility for Noise | nduced Hearing Loss as Measured
Using Wlson's Test in Indian Popul ati on", Unpubli shed
Master's D ssertation, Univ.of M/sore.

Burdick, C K et al (1977): "Threshold shifts in Chinchillas
Exposed to Low Frequency Noi se for N ne Days", J.
Acoust. Soc. Am Supp 1, 63-S. 95.

Chernyak, RI (1958): "Alteration in the Adaptation of the
Hearing to Silence with Relation to the Duration of
a Prelimnary Loud Noi se", Biofizika, 3, P.75-86.

Cook, N (1952): Quoted by Ward (1963) in Mddern Devel opnent
i n Audi ol ogy; Jerger (Ed) New York, Academ c Press.

Davis, H et al (1950): "Tenporary Deaf ness follow ng
Exposure to Loud Tones and Noi se", Acta-Q ol aryngol,
Supp. No. 88.

Dayal, SV, (1973):"A Study of Grossed Aivo Coehl ear
Bundl e on Adaptati on of Auditory Action Potential s",
Laryngoscope, Vol .82, Pp.693-711.

Dengerink, J.E., et al (1984): "Gender and O al Contracep-
tive Effects on Tenporary Auditory Effects of Noise",
Audi ol ogy, Vol .23, Pp.411-425.

Elliot, N, andWnifred, R F.,(1970): "Fatigue and Adapt a-
tion" in Foundation of Mbddern Auditory Theory",
Jerry V. Tobias (Ed), New York, Academc Press.

Aorig, A et al (1957):"1954 Wsconsin state Fair Hearing
Survey sub-Commttee on Noi se" Quoted by Nerbonne
and Hardick (1971).

Harris, J.D, (1955): "On Latent Danage to t he ear” J. Acoust
Soc. Am VA . 27 Pp. 177-179.



Hrsh, 1.J., and Bilger, R C (1955): "Auditory Threshol d

recovery After Exposures to Pure-Tones", J.Acoust.
Soc. Am Vol . 27, Pp. 1186-1194.

Hrsh, 1.J. (1958): "Mnaural Tenporary Threshol d Shift
Fol I owi ng Monaural and Bi naural Exposure", J. Acoust.
Soc. Am Vol . 30, Pp.912-914.

Jerger, J and Jerger, S (1970): "Tenporary Threshold shifts

I n Rock and Rol | Musci cans™, J.speech Hp. Bes. vol. 13,
Pp. 218- 24.

Karl oui ch, R S. (1975): "Comments on Rel ati ons Between Auditory
Fati gue and Iris-Pi gmentation”, Audi ol ogy, Vol . 14,
Pp. 238- 243.

Kryeter, K D 5'1950?\/5 "The effects of Noi se on Man", J.sp. &
Hg. S. nogr aph. Suppl .1

Kryter, KD.,(1963): "Exposure to Steady state Noi se and | npair -
ment of Hearing", J.Acoust.Soc. Am Vol .35, Pp.1515-1525.

Kylin, B (1960): "TTS and Auditory Trauma Fol | owi ng St at e Noi se:
An Experinmental and Field Study”, Acta Qol aryngol.
Supp. 152, Pp. 1-93.

Lehnhardt, B (1959) : Quoted by Ward (1963) in Mddern Devel opnent
I n Audi ol ogy, Jerger (Ed), New York, Academ c Press.

Loeb, M and Fl etcher, J (1963): "Tenporar%/ Threshol d Shift for
‘normal’ subjects as a Function of age and sex", J.Aud.
Research, Vol . 3, Pp. 65-72.

MFadden, D, and Plattahier, H's.,(1983): "Frequency Patterns
of TTS for D fferent Exposure Intensities", J.Acoust.
Soc. Ata. Vol . 74, Pp. 1178-1184.

Mel ni ek, w (1967? :"Effect of Two Interaural Phase Condition for
Bi naural Exposure on Threshold Shifts", J.Acoust. Soc.
Am Vol . 42, Pp. 179

MIls, J.H et al (1983): "Tenporary Threshold Shifts Produced
by Exposure to Low Frequency Noi ses", J. Acoust.Soc. Am
Vol . 73, Pp. 918-923.

Moore, B.C,(1982):"An Introduction to the Psychol ogy of
Heari ng", New York, Academc Press.

Mortia, M(1958): Quoted by Ward (1963) in Moddern Devel opnent in
Audi ol ogy, Jerger (Ed), New York, Academ c Press.



47

Ner bonne, M A, and Hardick, E S, (1971);"Further Cbservations
on Tenporary threshold Shift and Sex", J. Aud.
Research, Vol . 11, Pp. 279-285.

Nixon, J.C., and dorig, A (1961); "Noise |Induced PTS at 2KHz
and 4KHz", J. Acoust. Soc. Am Vol . 33, Pp. 1127-1135.

Patterson, J.H et al (1977): "Tenporary Threshold shifts in

mean Resulting fromU hr Exposure to Cctave Bands of
Noi se Centered at 63 and 1000Hz", J. Acoust. Soc. Am
Suppl . |, 62, S95.

Rol + C (1956): "Auditory Fatigue Fol | owi ng Exposure to steady
and Non- St eady sounds”-Thesis, Univ.of Leiden, Gted
by Bishnoi (1975).

Selter, W1962): "TTS Changing with Duty Cycle", J. Acoust. soc.
Am VA . 34, Pp.122-123.

Shearer, WM and Simmons, F. B, (1965):"Mddle Bar Activity
During speech in Normal Speakers and stutterers", J.
Sp. and Hg. Res. Vol . 8, Pp. 195-203.

Shi vshankar, N (1976): "Tenporary Threshold Shifts Fol | ow ng

Monaur al and Bi naural Exposure to H gh Frequency Pure
Tones", Master's Dissertation, Univ.of Mysore.

Siegel, S (1956); "Nonparanetric-Statisties for the Behavi oural
Sci ences", NewYork, MGawHII.

Smth, R P, and Loeb, M (1968): "Recovery fromTTS as a Functi on
of Test and Exposure Frequencies", J.Acoust. Soc. Am
Vol . 44, Pp. 252.

Sreemathi, HR (1980): "Auditory Fatigue and Adaptation; A
Revi ew', Unpubl i shed | ndependent Project. Univ. of

M/sor e.

Sreemathi, HR (1981): "Effect of Articulation on Auditory
Fati gue", Unpublished Master's D ssertation, Univ.of
M/sor e.

Tota and Bocci (1967); Quoted by Karlovich (1975), Auditory,
VO1. X14, Pp. 238-243.

Ventry, |I.M and schiavetti, N (1980?; “Eval uating Research in
Speech Pat hol ogy aad Audiology - A Guide for Adinicians
and Students", London - Addi son - Wesl ey Publi shing
Conpany.



48

Wasamurthy, M N et al (1973) "Verification of Oitical Band
Hypot hesis to Explain the D screpancy in Amounts of
TTS Produced by Noi se and Tones Wien Presented at
Equal Intensity and for Equal Duration", JAIISH, Vol.4,
131- 134.

Vard, WD., Qorig, A, and sklal, D L., (1958): "Dependence of
TTS at 4KHz as Intensity and Ti nme", J. Acoust.soc. Am,
Vol . 30, Pp. 944-954.

Wward, WD., dorig, A, and sklar, D L.,(1959):"susceptibility
and Sex", J.of Acoust. Soc. Am, Vol .31, No.8, Pp.1138-1142.

Vard, WD., GQorig, A, and Sklar, D L.,(1959a) :"TTSfromCct ave
Band Noi se: Applications to Damage R sk Griteria”, J.
Acoust . Soc. Amr. Vol . 31, Pp. 522-528.

Vard, WD., @orig, A, and Sklar, D L., (1959b):"TTS Produced by
Intermttent Exposure to Noise", J.Acoust.soc. Am Vol . 31,
Pp. 791- 794.

Ward, WD., (1960a):"Latent and Residual Effects in TTS", J. Acoust.
Soc. Am Vol . 32, Pp. 497-500.

Ward, WD., (1960b)!*Recovery From H gh Val ues of TTS" - J. Acouat.
Soc. Atn. Vol . 32, Pp. 135-137.

Ward, MD.,(1961): "Mn-Interaction of TTS", J. Acoust. soc. Am,
Vol . 33, Pp. 512-513.

Ward, WD., (1962):"Danmage R sk Qiteria for Line spectra", J.Acoust.
Soc. Am Vol . 34, Pp. 1610- 1619.

Ward, WD., (1963):"Auditory Fatigue and Masking". |In Jerger, J
(Ed), Mbodern Devel opnent i n Audi ol ogy, New Yor k.
Academ c Press.

Ward, WD., (1965):"TTS Fol | owi ng Monaural and Bi naural Exposure"
J. Acoust . Soc. Am Vol . 38, Pp. 121-25.

ward, WD., (1966); "Tenporary Threshold Shifts in Mal es and
Femal es”, J. Acoust. Soc. Am Vol . 40, Pp. 478-485.

Ward, WD., (1967):"Susceptibility to Auditory Fatigue", in
Advances i n Sensory Physiology, VO .3, Neff. WD. (Ed).

Weiler, (1979):"Investigation of the Relationship between Adapt a-
tion Measured Binauraily and Monaural iy", Brit,J. Aud.
13(2), Pp.47-50.

Yamamato, T, et al (1970):"Critical Bandwi dth Wth Respect to
Tenporary Threshol d Shifts", J.Acoust.soc. Am Vol . 48,
Pp. 978-987.

Yokoyama, T. Gsake, S., and Yamanoto, K; (1974):"Tenporary Threshol d
Shift Produced by Exposure to Vibration Noise, and
Vi brati on- pl us- noi se", Acta-Co-Latyngol.Vol.78, Vol.3
Pp. 207-212.



