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| NTRCDUCTI ON

Auditory fatigue is one of the terns used to describe
a tenporary change in threshold sensitivity follow ng expo-

sure to another auditory stimulus (VWard, 1963).

Enpirical investigation of the locus of auditory fatigue
have often been concerned with the question of whether fatigue

produci ng mechani smlias withia the cochlear or central to it.

In order to answer the question of origin of auditory
fatigue Van Bekesy (1929) in his experinment found that fati -
gui ng one ear has caused no decrease in the response of the
contral ateral ear and hence concl uded that auditory fatigue

I s a peripheral phenonenon (cited by Wrnick and Tobi as, 1963).

Rawden-Smth (1936) conducted a study on simlar |ines
of Van Bekesy (1929) but found that responses of the contra-

| ateral ear was reduced when one ear was sti mul at ed.

G her information on the locus of auditory fatigue can be
drawn from studi es of the electrophysiological activity wthin

t he cochl ea.

The anplitude of cochl ear m crophoni cs was found to be
reduced i n noi se exposed subj ects (Legoui x and Pi erson, 1981;
El deredge et al.1973; H deredge and Covel |, 1958; Benitez
et al., 1972).



Legoui x and Pierson (1981) have al so observed the altera-
tion in input - output function in the cochlear m crophonics

after the exposure to the noise.

"Johnstone and Sellick (1972) reported that Endocochl ear
Potential (EP) could be potentiated foll ow ng exposure to an

i ntense pure tone"(cited by Legoui x and Pi erson, 1981).

These studies indicate that the action of the auditory
fatigue nust take place prior to the initiation of neural acti-
vity, nost probably the structures directly responsible for

t he production of these potentials.

Davis et al., (1953) suggest that Conpound Acti on Poten-

tial (CAP) too provides a good index of cochl ear changes.

snoor enburg and Van Hensden (1979) found that the |atency
of CAP is reduced at suprathreshold |evel but not at threshold

| evel after noi se exposure.

In a simlar study sohner and Pratt (1975) and sal vi
et al., (1983) have observed nore of peripheral auditory mecha-

ni sminvol verment in the process of auditory fatigue.

The other studies indicating cochlear origin (the presence
of recruitnent) followng the fatiguing stinmulus are: Davis et al.,
(1950); Rawnslay (1953); Reudi (1959)(cited by Wrnick and
Tobi as, 1963).



Recent near o- physi ol ogi cal findings have generated a
renewed interest in possible central factors operating in
the process of auditory fatigue. |In particular, the denon-
stration of a subcortical inhibiting systemexerting its
action in the cochlearvia the efferent auditory pathways
has provi ded a new basis for |ooking at the fatigui ng necha-

ni sm

Qui ot (1969) showed that stinmulation of |eft ear had
a definite influence upon the TTS neasured on the right ear
the explains this by disinhibition of central inhibitory

process during auditory fatigue.

Nazneea (1984) has observed that TTS produced in right
ear is significantly greater than in left ear and she further
reports that this ear difference in TTS indicates that the
action of the efferent auditory systemduring bi naural stimnu-

lation is nore intense in right ear than in the left ear.

Her nandez- Peon (1956) while recording in the cochlear
nucl ei, noticed a decrease in the evoked potentials when
the Cat was presented with stirmulation to an alternate nodality,
such as exposure to the snell of fish. Thus he indicates that
"attentiveness" was a factor that called into play a sel ective
i nhi bitory nechani smoperating at a |ocus peripheral to the

hi gher centers and possibly within the cochl ea.



Vér ni ck and Tobi as (1963) intheir study exposed subjects
to 4000Hz pure tone at 40 dB SL or 90 dB SL for 3 mnutes
under conditions of (a) Mental task and (b) Revire. Subjects
consistently showed greater TTS and | onger recovery tinme when

the fatiguing stimulus was present in the nmental task condition.

These results indicate the invol venent of the centra

factors in auditory fatigue.

Simlar findings were also reported by Capps and Col li ns
(1965).

O the other hand, Ward and sweet (1963) exposed their
subjects to a 4KHz tone at 100 dB SPL for 3 m nutes and under
two conditions (a) Sitting quitely (b) adding colums of the
figures. They observed no significant difference between the
TTS neasured at any tine after exposure. They concl uded that
the efferent systemneed not be invoked to account for any

aspect of auditory fatigue.

Bell and Stern (1964) also found no significant difference
between TTS neasured in subjects exposed to 4KHz tones at
50 dB SPL and 100 dB SPL for 3 mnutes under the condition of

(a) long division (b) light tracking (c) reverie.

R ach and Sheosh (1964) conducted their study on simlar
| i nes of Werni ck and Tobi as (1963) and reported that the TTS



difference found in subjects under nental task and reviere

during fatigue is just a chance factor.

Fi al kowska et al ., (1983); Kylen et al., (1977) report
that the noise induced auditory fatigue possibly alters the
synapti ¢ nechanismw thin the cochlea and is then transferred

to the auditory pat hways.

Babigian et al., (1975); Rosenblith et al., (1950) based
on their studies on evoked potentials during fatigue and during
recovery fromfatigue conclude that there are central effects
produced by exposure to intense sounds and that the observed
results are not sinply a reflection of a fatigue occuring at

t he cochl ea.

Morest et al., (1979) suggests a selective susceptibility
of different auditory pathways in the CNS to acoustic over

stimul ation.

Morest and Bhone (1983) in their study on noi se exposed
Chi nchi |l | as observed that both peripheral and central degenera-
tion, the latter included nainly degeneration of cochl ear
nucl eus and transneural degeneration of axonal endings in

Superior Aivary Conplex and Inferior Collicul us.

Agai n these studies indicate the involvenent of structures
of the auditory systembeyond cochlea in the process of audi-

tory fatigue.
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So the question of involvenent of retrocochlear structures
(central factors) in the auditory fatigue mechanismis not

conpl etely evi denced.

On t he other hand, Masking Level D fference (M.D), the
one of the psychoacoustic phenonena is proved to have its origin
I n Superior divary Conplex (SOC), a retrocochlear structure
(Lynn et al ., 1985: Hanely, et al., 1983: Wasanurthy et al.,
1985) .

M.D is the difference between the binaural nmasked threshol ds
obt ai ned under two conditions viz, honophasic (NoSo-the Noi se
and signal are in phase at the two ears) and the antiphasic con-
dition (NoSII or NI So - the phase of either signal or noise

Is reversed at two ears). MDis usually expressed i n dB.

Need for the present study:

Several studies nentioned earlier clearly indicate that
t he question of whether the structures beyond the cochlea are
i nvol ved or not in the process of auditory fatigue is conpletely

not yet answered.

So the present study is designed to findout whether audi-
tory fatigue has any effect on the M.D val ues neasured for pure

tones of 500Hz is both NoSII and NI I So conditions.
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The findings of this study hence provi des sone evi dence
to support whether structure beyond the cochlea i.e. SOCis

i nvol ved in the process of auditory fatigue or not.

HYPOTHESI S:

1. There is no significant difference between pul sed threshol ds

at 1KHz (test frequency) before and after fatigue.

2. There is no significant difference between M.D val ues

(NoSI'1) obtained before and after fatigue.

3. There is no significant difference between M.D val ues (N | S0)

obt ai ned before and after fatigue.

Limtations:

1. The M.D val ues are obtai ned using pure tone stinmulus of

500 Hz frequency only.

2. The sanple sizewas |limted to 10 normal hearing adults subjects.

3. The age range was |limted.

Definition of the terns used:

Tenporary Threshold Shift (TTS): Refers to an elevation in

t he threshol d of hearing which recovers gradually follow ng the

noi se exposure.

Masking Level Difference (M.D): D fference between binaural

masked t hreshol ds obt ai ned under two conditions viz. honophasic

(NoSo —The noi se and the singal are in phase at the two ears)
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and antiphasic (NoSII and NIl So - the phase of either the signal

or noise is reversed (180°) at the two ears).

Fatiguing Stimulus: The acoustic stimulus used to produce

auditory shift in the threshol d.

Test Frequency: The frequency at which the threshol ds were deter-

mned after the ear was exposed to fatiguing stimul us.

TTS,. Tenporary threshold shift after the recovery tinme of 2

m nut es.



REM EW OG- LI TERATURE

Auditory fatigue is one of the nunber of terns used to
descri be a tenporary change (usually but not always, a
decrease) in threshold sensitivity follow ng exposure to
anot her auditory stimulus. It rmay be called a "line dead"

si tuati on.

Despite, the TTS or post stinulatory fatigue bei ng nost
studied after effect of auditory stimulation, in auditory
fatigue t he unsol ved probl ens greatly out nunber the established

facts.

Enpirical investigations of the locus of auditory fatigue
have often been concerned with t he question of whether the
fatigue produci ng nechanismlies within the cochlea or central

toit.

The present Review of Literature, related directly to the
study, is discussed under the follow ng headi ngs:
| Auditory fatigue andrecruitnent.
Il Effects of auditory fatigue on tenporal summati on.
Il Effects of Noi se on cochl ear potential s.
IV Efects of auditory fatigue on 8th nerve activity.
V  Central Factors and auditory fatigue.
VI structural changes in the auditorysystemas a result

of acoustic over stimulation.

VI M.D as a soc phenonena.
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. Auditory Fatigue and Recruitnent:

One of the studies indicating cochlear origin of auditory
fatigue/the presence of recruitnent follow ng the presentation

of fatiguing stinulus.

Davis, et al., (1950) found a clear indication of recruit-

ment follow ng a high level of stimulation.

Harris and Rawnsl ay (1953) using thetechni que of binaural
| oudness bal ance, were able to showrecruitnment for a 1KHz tone

at SLs of 10, 20 and 30 dB.

"Epstein and Schubert (1957) using a fatiguing stinmulus
at 4KHz for duration of 3 mnutes, report the presence of recruit-
ment with stimulating intensities of 70 to 100 dB SL. They al so
found that the degree of recruitment, increased as the intensity

of fatiguing tone increased'. (Wrnick and Tobi as, 1963).

I1. Effects of auditory fatigue on tenporal summation:

It is well known that acoustic traunma nodifies the process
of auditory tenporal summation, especially the relationship

between the threshold of a tone and its durati on.

Hander son (1969) neasured t he auditory sensitivity of 2
Chinchill as by using signals of 2000Hz pure tones of 25, 50,
200, 400 and 750 m secs. Subsequently the Chinchillas were
exposed for 3 hours to a 105 dB SPL Cctave band of noi se
centred at 2 KHz.
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When the Chinchillas were in the state of TTS, the 12 dB
threshol d di fference between 25 and 750 nsecs. signals decreased
markedly. During the process of recovery, the difference gra-

dually returned to the preexposure nagnitude.

He al so suggests that when the auditory systemis in a
state of noise induced TTS, it appears that the tinme constant

of integration is reduced.

MIlls et al., (1970) also reported reduction in the tine
constant for tenporal integration at the fatiguing frequency,
after fatigue in a subject who was exposed to thernal noise
centered at 500Hz for 48 hours at 81.5 dB SPL and second tine
for 29.5 hours at 92.5 dB SPL.

Jerger (1955) exposed 12 human observers for a thernal
noi se at 110 dB SPL and observed that pre exposure difference
in the threshold of 14.1 dB between 5 and 500 nsec. signals
at 4 KHz pure tones being decreased to 6.9 dB 4 mns. after

t he exposure.

Wight (1968) explains the decrease in tenporal summation
during TTS as hearing loss of cochlear origin causes an abnor-
mal |y rapid decay in the output of the cochlea at intensities

near the threshol d.

"Such findings are paradoxi cal because acoustic oversti -

mul ati on damages the cochl ea and decreases tenporal summation.
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yet it does net seemto significantly alter the tenporal firing
patterns of peripheral neurons during TTS or PTS (Handerson(1976);
Salvi (1976) (Quoted by Salvi et al., 1983).

Salvi et al., (1983) al so observed that a conparison of
PST hi stograns to tone bursts of nornmal and noise treated units
has failed to provide support for an abnornally rapid neural

decay in noi se treated ani nal s.

Hence, they suggests that perhaps the decrease in tenporal
summation is the result of sone other changes in the neural code,
such as change in the bandwi dth of spatial summation at the

periphery or at higher auditory centers.

I11. Effects of noi se on cochl ear potential s:

Qther information on the locus of auditory fatigue can be

drawn from studies of electrical activity with ia the cochl ear.

a) Changes in cochl ear mcrophics (CM:

1) Dfferent typea of CMreduction

Legoui x and Pierson (1981) report that the depression of
CM after noi se exposure is a clear sign of traumatic effect on
t he sensory cells and that the deterioration of these cells may
result fromvarious nmechanisns that follow different tine course

and sone are reversible and others are not.
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Benitez et al., (1972) have measured CMin the three cochlear
turns of Chinchilla after fatiguing by 500Hz tone. They found

that third turn was more affected rather than the other turns.

i) Mdification of CMintensity function and produced by intense

noi se exposure:

Tondorf and Brogan (1952) reported a greater reduction of
the response at high levels so that the curve was truncated. In
some particular cases Lawence (1958) observed a nonnonotonic
I nput - out put function follow ng exposure. |In plotting the charac-
teristic of transfer they noted that thecurve was rapidly nodi-
fied and displayed a greater a symmetry. (Legcuix and Pierson,

1978; Legouix et al., 1980).

Legoui x and Pierson (1981) also suggests that the changes
in the input-output function may lead to sone interpretation
about the nature of the lesion in the cochlea. This function
shifted toward a lower sensitivity, could reflect some inpair-

ment in the conduction of the acoustic energy within the cochl ea.

iii) CMas an Index for localization of cochlear damage:

Legoui x and Pierson (1981) write that there are sone inve-
whi ch

stigations M&B have shown a clear correl ati on between the
decrease in the nagnitude of CMresponse and the nunber of hair

cells that are damaged (eg. El dredge, et al., 1973).
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Benitez et al., (1972) exposed Chinchillas to an octave
band of noi se centered at 500Hz and at 95 dB SPL for 48 hours
and observed a decrease of the intensity function that was maxi -
mum for the third turn, the reduction in CM anplitude was

graded and | ess severe from apex to base.

El dredge and Covel |l (1958) found that narrow band noi ses
were nore effective in producing CM reduction than pure tones

presented at an SPL equal to the overall SPL of the noise.

iv) Effect of the tinme characteristics of the exposure:

Legoui x and Pierson (1981) reported that the CM depression
produced by an intense sound seens to be directly related to

SPL andto the logarithmof the duration of the exposure.

El dredge et al ., (1959, 1961) have suggested that the reduc-
tlon in CMwas the sane as long as the sound contains the sane

ener gy.

Legoui x and Pierson (1981) reveal that it is clear that
t he trade between intensity and duration can be justified only
if the same nechanismalters the hair cells at all intensities,
bat this does not appear to be the case. The cochl ear necha-
nismare highly nonlinear in the intensity dongn and different
processes m ght occur when the stinmulation level is nodified.
Further they say that a critical intensity nust be exceeded to

produce a loss at any duration and at very short durations, the
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i nfluence of intensity seens to be greater than that of duration.
After a certain duration, they state that the CMreducti on indu-
ced by the noise is maxi rum and does not growwith time and that

this effect seens well correlated with behavioral TTS.

(b) Changes in sunmmating potentials (SP):

Durrant (1976) reported that SP DF (recorded by differen-
tial electrodes) is nuch nore sensitive to effect of noi se than
the CM and AP, which suggest that nmarked changes can be produced
in the SP even in cases where the CMis hardly affected. He
report further that there is a trend towards | ess depression in

the SP fromthe lower to the upper turns.

Legoui x and Pierson (1981) has reported that the cochl ea
whi ch show the | argest negative SP are nore susceptible to

fatigue.

They further report that when SP and OM are depressed by
noise, it is no longer possible to create additional fatigue,
at least with the sane stimulus as was used for the initial
exposure. This stage seens to correspond to the asynptotic
threshold shift. When negative SP is depressed or has dis-

appeared after exposure fatiguability is m ninmnal.

V. Effect of auditory fatigue on 8th nerve activity:

Salvi et al., (1983) studied TTS produced i n Chinchillas
exposed to octave band noi se centered at 500Hz at 95 dB SPL for



16

5 days and they al so neasured the auditory nerve activity of

the Chinchillas. The threshold shifts of the fibers were
approxinately 35 to 65 dB:. these val ues were equal to or slightly
greater than those nmeasured behaviorly. Mbst units had broad
V-shaped turning curves due to a greater loss in sensitivity

near the (CF) than inthe lowfrequency tail. In 17%of the
units, the thresholds were actually lower in the tail than at

the CF, so that the tuning curves were 'W shaped. The |aten-
cies of the fibers werewithinnornal limts in terns of absolute
intensity, but shorter than normal in terns of intensity relative
to threshold. other neasures such as spontaneous di scharge rate,
the discharge rate - intensity function and the firing pattern

to tone bursts at CF appeared to be nornal .

Fi al kowska et al ., (1983) in their study on the effect of
TTS on ECOG and ABR wave forns observed the increase ia the
latency of Il and V peaks of ABR, determ ned by the increase
in the latency of Peak-1 and Auditory Conpound Action Potentials
(ACAP) and unaltered interval s between successive peaks. They

al so reported an el evation of thresholds of the wave forns.

They concl ude that the noise induced auditory fatigue
possibly alters the synaptic mechanismw thin the cochl ea and

Is then transferred to t he audi tory pat hways.

Simlar effects on EGG and ABR by TTS has been reported
by Sohner and Pratt (1975), Kylea et al., (1977): Pratt and
Sohrer (1978).
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Salvi et al., (1978) in their study on Chinchillas during
Asynptotic threshold shift (ATS) indicated that intense sound
reduced the sensitivity, frequency selectivity and spontaneous
activity of the units in the cochlear nucleus and that the
danmage to the cochl ea nodified the activity of neurons through-

out the auditory pathways. (cited by Fial kowska et al., 1983).

Benitez et al., (1972) in their study on el ectrophysio-
| ogi cal correlates of TTS, exposed 15 Chinchillas to 95 dB SPL
of octave band noi se centered at 500 Hz to 48 hours observed
t hat endocochl ear potentials were unchanged, and shifts of sensi-
tivity for GMin the 2nd and 3rd turns showed cl osest nuneri cal
correspondi ngs to behavioral TTS. Loss of sensitivity of action
potentials was greater. Changes in visual detection |evel for
t he Average Evoked Response were consistent with behavioral TTS.
They concl uded that pathol ogi c-physi ol ogy associated with TTS
I s nost probably peripheral and possi bly because of the dis-
order in the nechano-el ectric nodulation by hair cells, plus

failure to synchroni ze primary neural responses.

But Babigian et al., (1975) in their study on "Central
auditory fatigue" neasured the CM neural (NL-N2) potentials
and IC (Inferior colliculus) potentials fromthe Kangroo rats

who were exposed to two different fatiguing stimnuli.

They observed a 10-20 dB depression in |IC response and
CM anpl i tude bei ng unaltered from Pre-exposure | evel when the
exposure stimulus was puretones of 1.6 KHz at 95 dB SPL for

3 m nut es.
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After exposure to 1.6 KHz at 85 dB SPL for 2 mnutes. They
observed the | C response decrease by 6 to 8 dB, while NL-N2

response of the cochlea changed only slightly.

They further report that whenever the anplitude shift in
both the I C and cochl ear response occurred, they exhibited diffe-

rent recovery rates.

For the sanme exposure, the neural discharge frequency was
reduced by 60-90% while the cochlear potentials for the sane

exposure were only slightly affected, if at all.

They al so observed significant difference in the response
of excitary-Inhibitory(E 1) collicular neurons before and after

fatigue.

The reduction in the anplitude of |IC response conti nued
for 30 mnutes after the cessation of the sound exposure.
Paral | el i ng these changes there was a post-exposure anplitude

decrease of the cochl ear potenti als.

They concl ude that these results show a central affect of
auditory fatigue which is not entirely a reflection of peripheral
sensitivity changes and support the general conclusion that

central neurons are affected by excessive sound stimnulation.
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V. Central Factors and Auditory Fati gue:

The consensus of authors have been al nost unani mous t hat
auditory fatigue is of peripheral (cochlear) origin and is based
on repeatedly reported fact that very loud sounds produce hi sto-

| ogi cally verifiable cochlear damage.

But Bloit (1961) observed that changes in auditory sensi-
tivity unacconpanied by hair cells loss in cats after acoustic
overstimulation. Simlar observations were nade by Hunter-Duvar

(1971).

Ward et al., (1972) found that animals with only a snall
area of nornal hair cells in the apex can respond nornmally to

very weak high frequency tones.

A simlar lack of correspondence between audi ogram and
pat hol ogy has been reported by Benitez et al., (1962) and
Bredberg (1968). Bredberg (1968) described nornal appearing
hair cells associated wth PTS, as well as a nornal threshold
despite a 35%Ilo0ss of Inner Hair Cells (IHQ and 45%l oss of
Quter Hai Cells (CHO in an 81 year old man.

These di sparate findings suggest that central factors, in
addition to peripheral ones may play an inportant role in

auditory fati gue.

Recent neur ophysi ol ogi cal findings have generated a revi ened

interest in possible central factors operating in auditory fatigue.
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In particular, the denonstration of a subcortical inhibiting
system exerting its action in the cochlea via the efferent
audi tory pat hways has provided a new basis for |ooking at the
fatiguing nechani sns. "In 1956, Gal anbas el ectrically stinu-
| ated the roof of the medulla of a cat and observed a sinulta-
neous reduction in the potentials evoked by clicks at the

cochlear nuclei". (cited by Wrni ck and Tobi as, 1963).

Her nandez- Peon (1956) recording fromt he cochl ear nucl ei,
noticed a decrease in the evoked potential s when the cat was
presented with stinmulation to an alternate nodality, such as
exposure to the snmell of fish. Thus he indicated that attentive-
neas was a factor that called into play in selective inhibitory
nachani sm operating at a |ocus peripheral to the higher centers

and possibly within the cochlea itself.

Verni ck and Tobias (1963) in their study on central factors
in pure tone auditory fatigue exposed 20 subject to 4KHz pure
tone at 40 or 90 dB SL for 3 mnutes under conditions of (a)
Mental task or (b) Revire. They also used an experinental condi-
tions viz. Experinmental condition-1: Arithmetic task during the
present of fatiguing stinmulus.
Experinental condition-ii: Revire with fatiguing
sti mul us.
Control condition-1: -Arithmetic task with no fatiguing
sti nmul us.

Control condition-11:-Revire with no fatiguing stinulus.
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Subj ects showed consistently greater TTS and | arger recovery
time when the fatiguing simlar was present in the nmental task
condition i.e.

(i) At low level fatigue nean TTS10 sec was 6.4 and 3.5 dB
respectively in nental task and revire condition. Mean redovery
time was 90 seconds and 36 seconds respectively in mental task
and revire.
(it) At 90 dB fatiguing stinulus nmean TTS. was 43.3 dB

10 sees.
and 34.1 dBwth nean recovering time of 44 mnutes and 34 m nutes
mental task and revire concitions respectively.

These results indicate the involvenent of central factor
in auditory fatigue. Wernick and Tobi as al so suggest that the
effect of central factors an auditory fatigue may be due to nodi -
fication of inhibitory inpulses in the efferent pathways caused
by an accunul ati on of waste materials brought about by chem cal

deconposi tion.

Ward and Sweet (1963) conducted a simlar study in which
t hey exposed 12 normal subjects to a 4KHz tone at 100 dB SPL for
3 mi nutes under 2 conditions viz.
(a) sitting quitely

(b) adding colums the figures.

Pre and post exposure threshol ds were nmeasured at 5. 6KHz.
They observed no significant difference between TTS at any tine

after exposure, infact, the greatest mean difference at any tinme
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was in opposite direction i.e. TTS at 2 mnutes 15 seconds was
14 dB for revire and 12 dB for mental task condition. They con-
cluded that the efferent systemneed not be invoked to account

for any aspects of auditory fatigue.

Simlar findings were reported by Bell and Stern (1964);
R ach and Sheposh (1964); Price and Gatnman (1967). They further
wite that the difference in results observed between nental task

and revire conditions is just a chance factor.

But Capps and Collins (1965) replicated the |ower |evel
fatigue condition of the Wernick and Tobias study in order to
explore the possibility that difference in task or procedures
m ght account for the failure of the subsequent experiments to
detect the difference in fatigue as a function of nental activity

during fatiguing period.

They exposed 10 nornal hearing adults to either nental task
or revire condition, with no control group. They observed bot h,
| arger nean TTS and a |onger recovery tine for nmental task condi-

tion.

They al so of fer sone explanation to account for the failure

of other investigators to obtain these results.

Ward and Sweet used a nental task of addi ng col ums of
figures which nmay be possibly not as effective as the nental

arithnetic cal culations used by Wrni ck and Tobi as.



Bell and Stern used doing long division as nental task which
may not be as effective as nental arithnetic tasks of Wernick and
Tobias and also in their study (Bell and Stern) the effectiveness
I .e. arousal value of nental task m ght be decreased with repeated

use.

Capps and Collins also indicate that R ach and Sheposh did

not have appropriate REV conditi on.

Hence the possibility of central influence on auditory fatigue
cannot be ruled out on the grounds that the data results from
chance variation. The choice of nental task and instructions for
revire appears to be of primary considerations in experinenta

design to study TTS as a function of nental activity.

Smth et al., (1968) reported no significant difference
bet ween nental task and revire effects on TTS when the nental
task was simlar to that of Wrnick and Tobi as and al so using
paper -pencil tasks as nental task when subjects were exposed

to 1KHz tone at 100 dB SPL for 10 m nut es.

But they reported consistently greater TTS when the subjects
were asked to track their thresholds for 1KHz tone presented
in one ear and fatiguing stimulus was present in the contral ateral
ear, than when the subjects were in the condition of revire during

t he presentation of fatiguing stinulus.

They further report that tracking theeshol ds was nore atten-

tion denmanding or arousing than the nental arithnetic. But they
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found no significant difference between TTS val ues obtai ned as
a function of drugs adm nistered to either increase or decrease

t he arousal .

They conclude that the question of whether TTS nay be
i nfluenced by conconmttent activity in which the observer is

engaged is yet to be answered.

Dunn and Grauer (1981) in their study on attention factors
in centralateral threshold shift measured t he threshol ds of
3 normal subjects inthe left ear at 3 KHz before and after
receiving in the right ear either a 13 mnutes fatiguing stimulus
i.e. 500Hz pure tone presented at 75 dB SPL or 13 m nutes sil ence.
They observed that only when subjects attention was directed
towards the fatiguing tone, the threshold increased. |In other
cases threshold dropped after exposure. They suggested that
this clearly indicates the involvenent of central attentional

variables in the process of auditoryfatigue.

Cody and Johnstone (1982) observed the action of efferent
auditory pathway in the process of auditory fatigue in the guineapigs
who wer e exposed to 10 KHz pure tone 107 dB SPL for 1 m nute.

They showed that nonaural |osses in hearing sensitivity could be
reduced if an acoustic stimulation of the sane frequency was

si mul taneously delivered to the other ear. The decrease in the
t hreshold was elimnated when the contral ateral stinmulus was set
at a frequency other than the ipsilateral trauma frequency and
al so after the adm nistration of strychine, a known bl ocker of

auditory efferent activity.
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Rajan et al., (1983) observed that TTS of the cochl ear
action potential ia one (ipsilateral) ear caused by brief intense
pure tones, were decreased either by(i) contralateral acoustic
stimulation at the same frequency (ii) destruction of the centra-
| ateral cochlea. The effect of contral ateral cochl ea persi sted,
though slightly decreased in effect, after a delay of one hour
between t he destruction and ipsilateral exposure. However, con-
tralateral cochlea destruction resulted in none of the effects
upon nornal ipsilateral thresholds or input-output curves for
action potential classically seen when the efferent pathways are
stimul at ed. The results suggest that the crossed effects
reported here are due to a conplex interaction between the acti -
vity of both the cochleas, possibly resulting in a reduction is
a central inhibitory influence an an efferent feed back pat hway

that is then expressed during the ipsilateral exposure.

Quiot (1969) showed that stinulation of |eft ear had a

definite influence upon the TTS measured on the right ear.

Further he says that if any sunmation effects were to occur,
a reduction of sensitivity should have resulted rather than an
I ncrease aa was actually recorded. A reasonable interpretation
of this outcone can be fornulated if one admts that a centra
i nhi bitory process, in conjunction with fatigue to be intervened

i n the production of TTS.
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Thus, TTS can be shown to denonstrate peripheral and neura
effects. Randol ph and Gardner (1973) in their study of an inter-
aural phase effect in binaural TTS. showed that in honophasic
condition particular neural units in an afferent pathway are con-
stantly stinmulated and ultinmately fatigued, the post exposure thresh-
old resulting fromrestinulation of the sane neurons will be
shifted. In antiphasic condition (i.e. fatiguing and test stimul
are out of phase) conversely, the exposure and test tones could
inturn activate different neural units and produce | ess TTS.

But Mel nick (1967) observed that when |isteners were exposed
to 500 and 750 Ftléfnfgo and 110 dB respectively, TTS at test
signals of 750 and | GOCHz was greater for nonoural thanfor binaural
exposure and no phase effects was noticed. For an exposure signa
conbi nation of 4000 and 6000Hz, the bi naural - monaural difference
was elimnated, but there was a significant phase effect for the
two bi naural exposure condition i.e. Mdre TTS occured when the
exposure signal was 180* out of phase. They consider these results

as representing anot her eni gna.

Nazneen (1984) has reported that TTS observed in the right
ear is significantly greater than the TTS observed in the |eft

ear. So shesuggeststhat the ear difference does exist in TTS
A

for binaural stimulation using 2 KHztone. Further she reports that

the faes thaswright ear shows nore TTSthanthe left ear i s anindication

A
of the action of the efferent auditory system during binaura

stimulationwhichnore intenseintheright ear than inthe left ear
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VI. Sructural changes in the auditory systemas a result of

acoustic overstimlationi

Most of the studies regarding structural changes in the
audi torysystem after exposure to |oud sounds are concerned with
per manent threshold shifts (PTS) and several of themreveal
mai nly structural changes in the cochlea (for eg. Liberman and

Kiang 1978; Bngstromand Engstrom 1979: Rubel et al., 1982 etc).

Duvall et al,, (1974) exposed Chinchillas to a 700-2800Hz
noi se at 123 dB for 15 mnutes and noted a significant structural
changes occuring in the stria which included stria w dening,
tenporary di sappearance of internediate cells, alteration of

I nternal nenbrane system and abnornal vessel transport.

Morest et al., (1979) report that in the cochl ear nucl eus
the snall cochlear nerve endings are especially susceptibleto
acoustic overstimulation. Mre over, transneural degeneration
of synoptic endings occurred in certain regions of SOC wi t hout
the loss of nerve cell bodies in the cochlear nucleus that
normal |y project there. This suggests for a sel ective suscepti -
bility of different conponents of auditory pathways to acoustic

overstimul ation (cited fromNMorest and Bhone 1983).

Morest and Bhone (1983) al so reported transneural degene-
ration of axonal endings in SOC and I C. They al so reported

degeneration of both coarse and fine fibers in the cochl ear
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nerve root where it enters the cochlear nucl eus. These changes
were observed in Chinchillas exposed to an octave band noi se

centered at 4 KHz with 108 dB SPL for 1%hours.

M.D as a SQOC Phenonenon;

Masking level difference (MD is one of the inportant
psycho- acousti c phenomenon* MLD is the differente between bi naural
masked t hreshol ds obt ai ned under two conditions viz. honophasic
(NoSo-the noi se and signal are in phase at the two ears) and
antiphasic (NoSII or Nil So - the phase of either the signal or

noi se i s reversed (180*) at thetw ears).

The MLD val ues in nornmal hearing subjects range from about
3 dB at high frequencies to as nuch as 15 dB at | ow frequenci es,
especially at 500 Hz (G een and Yost, 1975; Jeffress 1972:
MiFadden, 1975; Moore, 1977). Several theories and nodel s have
been put forward to explain M.D (eg: Durlach, 1972; Jeffress.
1972; Hafter et al., 1969). However, G een and Yost (1975)
poi nt out that none of the existent nodels fits well into the

neur ophysi ol ogl cal nechani sns.

It has been reported (Harrison and Howe, 1974; G bson,
1978) that the olivary nuclei represent the nost caudal brain
stem structure receiving auditory afferent information from both

| psilateral and contral ateral ears. Further, Mushegion et al..
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1964 have shown that single unit discharge patterns in the
medi al superior olive (MBO are differently affected by i psi-

| ateral and contral ateral stimul ations.

O recent, Hannley et al (1983) report the results in
whi ch they conpared auditory brain stemresponses (ABR), the
M.D for 500 Hz pure tones and acoustic reflexes in 20 patients
with confirnmed multiple sclerosis. Their rationale for their
study was based on the conjecture that the nmeasures -- M.D?
wave |Il of ABR and the acoustic reflex —have in common a
denonstrated (Borg, 19737 Jewett, 1970: Lev and Sohner, 19727?
Buchwal d and Huang, 1975) nedi ation by | ower brain stemstruc-
turesin the region of the superior olivary conplex (SOC). They
observed that the size of MLDvaried with the integrity of
wave-111 of the ABR and that absence of Wave-Il| of the ABR
was associated with the absence of M.D and abnornal contra-

| ateral reflex.

They Hannley et al., (1983) have concluded that both the
wave-111 of ABR and t he MLD have a conmon neur onechani smin the

regi on of SCC.

In a simlar study Lynn et al., (1981) measured bi naural
speech detection MLD in 26 patients with confirnmed brain stem
and cerebral level lesions and 10 normal hearing control subjects.
They observed no significant difference between MD val ues of

normal subjects and patients with cerebral |evel or rostral patbiney
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md brain and thalamc levels of |lesions. For patients with
pontonedul | ary | evel lesions? M.Ds were significantly smaller
than for other groups. Hence they concluded the M.D ori gi nat es

frompontonedul lary region of the braim stem

Wasanurthy et al., (198") neasured the ABRtracings in
3 conditions (i) honmophasic (NoSo) (2) antiphasic (NoSI1) and
(3) antiphasic (NITTSo) in nornmal hearing subjects. They observed
significant increase in the latency of IIl and V peak of ABR

i n antiphasic condition in conparison to honmophasic condition.

But no significant difference in anplitude of the wave forns
and interpeak (V-111) |atencies between honophasic and anti phasic

condi ti on was reported.

They further suggest that the prolongation of Il and V
waves | atencies during antiphasic condition suggests that sone
changes in.neural mechanisns in SOC may be taking place. Since
the interpeak (V-1) latency al so shows prol ongation effect
during anti phasi c condition, the prolongation effect is not
likely to the changes in the peripheral |evel. Coviously SCC

I's involved in the M.D phenonenan.
Hence it has been concluded that M.D is a SOC phenonena.

Fromthe reviewof literature on TTS, one can see that no

pertinent literature is available regarding the |locus of auditory
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fatigue. And therefore, this study has been taken up so that
sonme additional information can be provided to answer the
guesti on whet her the nechani sm producing the auditory fatigue

lies only in the cochlea or structures beyond it.



METHCDAL QLY

SUBIECTS,

5 male and 5 fenal e subjects having nornal hearing in the
age range of 18 to 23 years were selected fromthe student
popul ation of All India Institute of Speech and Hearing, Msore.

The sel ection of subjects was done nainly on random basi s.

The subjects selected for this study, had no history of
any ear di scharge, earache, tinnitus, giddiness, headache, brain

damage or exposure to |oud sounds.

Al the subjects had hearing sensitivity within 20 dB HL
(ANSI, 1969) inthe frequencies 250 Hz, 500 Hz, 1KHz, 2KHz, 4KHz,
8 KHz.

| NSTRUMENT USED:

G ason-stadl er Audioneter (G3-10} with TDH 39 earphones
nmounted i n Mk41l/ AR supra-aural cushions. The audi oneter was

calibrated according to the specifications given by ANSI 1969.

Detai|l description of the different control of the instru-

ment and al so setting for M.D neasurenent is given in Appendix 'A'.

TEST ENVI RONMVENT:

The study was carried out in an acoustically sound treated

roomat Al India Institute of Speech and Hearing, Msore. The
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anbi ent noi se levels present in the test roomwere bel owthe

proposed nmaxi num al | onabl e noi se | evel s.
PROCEDURE:

Al'l the subjects were screened at 20 dB HL (ANSI, 1969)
for the frequencies 250 Hz, 500 Hz, 1KHz, 2KHz, 4KHz, 8KHz to

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

The study was conducted in two conditions: (1) Threshold
measur enent s usi ng 1KHz pul sed tones before and after fatigue.
(2) M.D neasurenents in both NoSII and NIl So before and after

fatigue.

Condi tion-1:

Threshol ds were estimated at 1KHz for both the ears using

pul sed tones which had en and off tine of 200 nsecs.

The subjects were then exposed to 500Hz tone at 95 dB HL

in both the ears simultaneously for ten m nutes.

TTS was then determned in the right ear:

(i) I'mediately after the termnation of the fatiguing stinmulus
(TTSy i.e. TTS,= Threshold at 1KHz pul sed tone with on and
off time of 200 nsec, immediately after thetermnation of
the fatiguing stinmulus - Threshold at 1KHz pul sed t one before

the ear was fatigued.
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(ii) After two mnutes of recovery tinme (TTS2)
TTS2= Threshold at 1KHz (pul sed tone) obtained 2 m nutes
after the termnation of the fatiguing stimilus - thresh-
old at KHz (pul sed tone) obtained before the ear was

fati gued.

A mnimumof 24 hours rest period was given to each subject

before testing themin the condition-11 of the study.

Condition-11:

For obtai ni ng Masking Level D fference (M.D val ues each
subj ect was presented binaurally with a narrow bend noi se of
50 dB SPL, centered around 500 Hz and 500 Hz pul sed t one whi ch

had on and off tinme of 200 nsecs under follow ng conditions.

(i) honophasic (NoSo) i.e. when both the noise and signal are

i n phase at the two ears.

(ii) antiphasic (NoSI1) i.e. when the phase of the signal is

reversed (180°) at thetwo ears.

(iii) antiphasic (NI1So) i.e. when the phase of the noise is

reversed (180°) at the two ears.

Then each subjects was presented with the fatiguing stimlus

of 500Hz tone at 95 dB HL binaurally for 10 m nutes.

| medi ately after the termnation of the fatiguing stimulus

M.D val ues were obtai ned for each of the subjects by using the



The data was then anal ysed statistically using the

nonparanetric WI coxon Matched Pairs,

Si gned-rankKs test.
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RESULTS A\D O SOSS N

Table-i reveals the tenporary threshold shift (TTS2) at
1KHz in right ear after a binaural exposure to a 500Hz pure
tone at 95 dB H. for 10 mnutes. The result show that all
t he subj ects except one had higher thresholds 2 mnutes after
the exposure (i.e. exhibited TTS2). The nean TTS- value is

also indicated in the sane tabl e.

Tabl e-2 shows the M.D val ues obtained for 500 Hz pure
tone in NoSIl condition (i.e. signal in the both the ears are
out of phase by 180*), before and after fatigue. The results
show that only 2 subjects did not show any difference in the
M.D val ues obtai ned before and after fatigue. Al other

subj ects showed decrease in M.D val ues obtained after fatigue.

Tabl e-3 shows the M.D val ues for 500 Hz pure tones in
NIl So condition (i.e. the noise in both the ears are out of
phase by 180°) before and after fatigue (fatiguing stimulus
500 Hz pure tone, at 95 dBHL forIOmnutes). The results
show that in 6 subjects MD val ues were decreased after fatigue
4 subjects showed no variation inM.D val ues obtained in post
fatigue condition in conparison to M.D val ues obtai ned before

fatigue in the sane (NTlI So) condition.

"The W1 coxons- Mat ched Pairs S nged Ranks Test" was used

to find out whether there is significant different between the
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t hreshol ds obtai ned before and 2 mnutes after fatigue (TTS,)
and al so between M.D val ues obtained in NoSII and N | So condi -

tions before and after fatigue.

The anal ysis of the data reveals that there is a signifi-
cant difference between —The threshol ds obtai ned before and

2 mnutes after the fatigue (at 0.001 |evel of significance);

The MLD val ues obtained in NoSIl conditions before and after

fatigue (at 0.01 level significance):

The M.D val ues obtained in NIl So condition before and after

fatigue (at 0.05 |level of significance).

According to the results obtained fromthe present study,
the null hypothesis that —
There is no difference between thresholds at 1KHz before and

after fatigue:

There is no difference between the M.D val ues obtained in both

NoSIl and NIES conditions before and after fatigue are rejected.

DI SCUSSI ON:

Enpirical investigations of the |ocus of auditory fatigue
have often been concerned with the question of whether fatigue
produci ng nechanisns lies wthin the cochlea or structures

beyond it.
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Several investigators (eg. Legouix and Pierson 1981
Johnstone and Sel lick. 1972? Davis et al., 1950; Sohner and
Pratt, 1975; Jerger, 1955, Wight, 1968:. Durrant, 1936) report

that the auditory fatigue involves only cochl ea.

On the other hand the existance of central influence
on auditory fatigue has been observed by nany aut hors (eg.
Rawden- Smth 1936; Wrni ck and Tobi as, 1965; Capps and Col | ins
1965; Salvi et al., 1983; Benitez, et al., 1972; Babigian et al.,
1975; Cody and Johnstone 1982; Dunn and G auer 1981; Rajan et al .,
1983).

Review of literature concerning the |locus of auditory
fati gue do not provide definite answer wot the question of
whether the auditory fatigue is medi ated by cochlea or struc-

tures beyond it.

Recently Haaniey et al., 1983; Lynn et al., 1981 and
Wasanurthy et al., 1985 have shown that Masking Level D ffe-
rence (M.D) one of the psycho-acoustic phenonena to be nedi at ed

by Superior Qivary Conplex (SOC) a structure beyond the cochl ea.

The present study was undertaken to test whether auditory

fati gue has any effect on the M.D val ues for pure tone of 500Hz.

The results of the present investigation showthat the M.D
val ues obtained in both NoSI1 and N1 So conditions are signifi-

cantly decreased after fatigue.
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Thus t he present study suggest the involvenent of SOC

a structure beyond cochlea in the auditory fatigue. In other

words, the present study reveals that the central factors are

involved in the auditory fatigue. This finding is the agree-

ment with the previous studies such as-Rawden-Sm th 1936:

Wer ni ck and Tobi as, 1965; Cupps and Col lins 1965; Salvi et al.,

1983; Benitez, et al., 1972; Babigian et al., 1975; Cody and

Johnstone 1982; Dunn and G auer 1981; Rajan et al., 1983.



G 0C GT 0T

0T 02Z 0T 6

G 0C GT 8

0 0T 0T A

. . G GT 0T 9

100 09 g cT 0T c

G 0z GT 14

0T 0z oT €

0T GC GT Z

G 04 GT T

'gp ul anbiiey ap
aoued 1} 1ub 1§ ap ul l21je sainuw g ul anbiie] aloJaq

10 [9A97 ¢SLL ueaN dp Ul gSLL  ZPT Ye ploysaiylL ZHT e ploysalyl s109 lgns

auo1 pas nd ZHMT e (ZSLL) S1IUS p oysa iyl >ngoacmh :T -9 |gqeL



q°¢ G’L 00T 0T
q'¢ 00T G ¢t 6
00 G¢t G ¢l 8
G G, 001 L
S G’L 001 9
T0 0 GZ¢ 00 00T 00T G
0°'S 00T 09T v
q°¢ 00T q ¢t €
g'¢ 00T G ¢l c
G¢ 00T G¢t T
gap ul anbiiey
la1je ® aloy
ap ul -9( pau le1qo
aoued 1JIubIs BouslallIp an [eA N ‘gp ul anb1iey ‘gp ul anb e

JO |[9AdT dn ueay Ul @duala)jia Jel1je aneAqW @2iJojaq anjeA I 199 lgns

‘anb 11e ) Ja1fe pue aloag (U0 111puod ||S ON) Sauolaind 24 0pG 10} Ssan [eA QN :Z-9 |gel



q°¢ Q'L 00T 0T
q°¢ QL 00T 6
00 00T 00T 8
q°¢ 09 G°L L
<00 05T Gz G 00T 9
00 S°L S°L S
q°¢ 00T gt v
q°¢ G°L 00T €
00 00T 00T [
00 00T 00T T

gp ul anbiey
la1je ® 910}
ap ul -8Q pau e 1qo
aoued 1J1ub IS Bouslua)llIp an leA a N gp ul anb e} ‘gp ul anbiie}
JO  |9A97] P uean ul aouaiall la1je aneA QW 9l0Jag an eA QN 199 lgns

‘anb1le] Jo1je pue al1o0Jaq (UO11IpUOd S -{) Sauo1l aind zHOOSG 10 San |eA QN € -9 |gelL



SUWARY AND CONCLUSI ONS

Auditory fatigue is one of the terns used to describe a
tenporary change in threshold sensitivity follow ng exposure

to another auditory stimulus (Vrd, 1963).

Despite, the extensive research carried out in the field
of auditory fatigue; it is not conpletely understood that
whet her t he mechani smof the auditory fatigue involves cochl ea

only or structures beyond the cochl ea al so.

The present study was aimed to study the effect of audi-
tory fatigue on M.D val ues measured for 500 Hz pure tone in

both NoSI1 and NI | So condi ti ons.

10 nornmal hearing subjects (5 males and 5 fenmales) ia the
age range of 18 to 23 years were selected. Each subject was

tested under two conditions:

(1) Measurenent of thresholds using 1KHz pul sed tones in
the right ear before and 2 mnutes after the binaural exposure
to a fatiguing stimnmulus of 500Hz pure tone presented at 95 dB HL

for 10 m nut es.

TTS, was cal cul ated by subtracting the original thresholds
nmeasur ed usi ng 1KHz pul sed tones fromthe threshol ds obtai ned

using 1KHz pul sed tones 2 mnutes after fatigue.
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(2) Measurenent of M.Dval ues for 500 Hz pure tones in
both Nosll and NI So conditions before and after binaural
exposure to a fatiguing stimilus of 500 Hz pure tone presented

at 95 dB HL for 10 m nutes.

Between t he two measurenent conditions a m ni numof 24
hours rest was given to each subject. Al the subjects were
tested in sound treated roomof Al India Institute of Speech
and Hearing, Msore using a calibrated G ason-Stadl er Audi o-
neter (GSl-10) audioneter with TDH 39 ear phones nounted in

MX41/ AR supraaural cushi ons.

The data obtai ned were subjected to statistical analysis
W | coxon's method) and the following are the results obtained

fromthe study.

1. The test ear showed significant difference (0.01 level)
bet ween the threshol ds obtained for pul sed tones at 1KHz
before and 2 mnutes after fatiguei.e. significant TTS, was

obser ved.

2. Therewas a significant difference (0.01 | evel) between
t he MLD val ues obtained for 500 Hz pure tone before and after
fatigue in NoSIl condition i.e. the M.D val ues decreased after

fatigue.

3. Therewas a significant difference (0.05 | evel ) between
t he MLD val ues obtained for 500 Hz pure tone in NITSo condltion
before and after fatigue i.e. the M.D val ues decreased after the

fatigue.
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Hannley et al ., (1983): Wasamurthy, et al., (1985) have
shown that Masking Level Difference (MD is nediated by
superior olivary conplex (SOC) a structure beyond the cochl ea

In the auditory pat hway.

Since the present study shows that the M.D val ue is reduced
after the ear is fatigued and since MD is nedi ated nainly by
SOC, it is reasonable to conclude that SOC is involved in the
auditory fatigue. Followng this reasoning, it is likely that
the central factors are involved in the auditory fatigue. The
present finding is in support of the many studies (Rawden-Smth
1938; Weérnick and Tobas, 1965; Capps and Col lins 1965. Sal vi,
et al., 1983: Benitez, et al., 1972; Babigian et al., 1975
Cody and Johnstone 1982; Dunn and G auer 1981; Rajan et al., 1983
Fi al kowska et al . 1983 @uiot, 1969; Mrest and Bhone, 1983)
whi ch show that the central factors are involved in the auditory

fatigue.
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CHANNEL 1

FRE GUENC ¥

Figure 2-2. Top Front Panel

.2.4.2 Front Panel Controls and Indicators
The controls and indicators on the front pane! of the GS1 10
are shown in Figure 2-2 and Figure 2-3.

(1)POWER ON/OFF Switch and Indicator Lamp

2

(3)

(4)

(5)

- turning the switch to ON illuminates the lamp above
the switch and initializes the unit to a TONE test type.

Left-hand Display — shows time, scoring (% cor-
rect, number presented), AUTO HL threshold levels
along with the number of ascending trials required to
reach threshold or the Channel 2 frequency when DUAL
FREQ is selected.

NOTE

One of four LEDs will indicate which operation
is displayed for a particular test mode.

dB (VU) Meters, Channel 1 and Channel 2 —
monitor the levels of the signals on Channel 1 and Chan-
nel 2.

NOTE
The Channel 2 dB (VU) Meter may be used to

(3) CHANNEL 1, CHANNEL 2 and RESPONSE In-
dicator Lamps — illuminated for the duration of each
test stimulus presentation. The RESPONSE indicator
lamp is lit when the patient presses down on the hand
switch button.

(7) Monitor Loudspeaker — allows the operator to
iisten to stimuli as they are being presented via Channel
1 and/or Channel 2 or to listen to patient comments via
theTALKBACK system.

(8) TEST TYPES

a. TONE —- pushbutton initializes the test protocol tor
air/lbone conduction testing, masked, or unmasked

b. SPEECH - pushbutton sets up the GSI 10 for speech
audiometric tests {i.e., speech reception thresholds,
speech discrimination) via a test microphone for live-
voice testing or through an optional tape cassette for
recorded speech.

c. SiSi — pushbutton initializes test procedure.

d. ALTernate — pushbutton initializes the tone for the
alternate presentation of Channel 1 and Channel 2

monitor talk-hack levels from the patient by ac-tivating the TALKBACK GiHANR MEFRERselected transducers.

pushbutton.

dB HL Displays, Channel 1 and Channel 2 —
show the hearing level of the signal in their respective
channels.

FREQUENCY Hz Display -— shows the selected
frequency for all tests. It is blank in the SPEECH mode.

NOTE
The timing is set internally and does not ap-
pear on the front panel.

e. SIMULtaneous - pushbutton initializes the test pro-
tocol for the simultaneous presentation of 'one-type
stimuli from Channel 1 and Channel 2.

NOTE

The timing is set internally and does not ap-
pear on the front panel.



f. DUAL FREQuency — pushbutton activates the second
test frequency capability for Channel 2, This frequency
is stiown on the Left-hand Display. The REFERENCE
FREQUENCY Hz LED will light under this display when
this test mode is chosen.

g. AUTO HL — pushbutton initializes an automatic
Hughson-Westlake procedure. The Lefthand Display
reads —P and the AVERAGE dB HL/NO.
PRESENTED LED under this display will light.

h. REMOTE (option) — pushbutton will allow the
operator to communicate with an exiernal computer
via an RS232C interface board.

(9) CHAN 1 TIMING

a. SISI dB — pushbuttons select a SISI pulsed incre-
ment of 0.5, 1.0, 2.0 or 4.0 dB.

b. TIMING ON/OFF ms CHAN 1 — pushbuttons select
the timing on Channel 1. The timings available are
STEADY, 200 ms ON/200 ms OFF, 400 ms ON/400
ms OFF, 200 ms ON/800 ms OFF and 20 ms ON/980
ms OFF.

(10) MLD (Masking Levei Difference) — pushbuttons

select the phase of the signal routed through Channel 1
and Channel 2.

In 0°/0°, both the Channel 1 and Channel 2 signals are
in phase to both transducers. This is considered to be
the baseline or reference condition as it provides fun-
damentally no MLD.

in 180 °/0 ° the Channel 1 signal is out of phase between
the transducers and the Channel 2 signal is in phase.
In 0°/180° the Channel 1 signal is in phase and the
Channel 2 signal is out of phase between the trans-
ducers.

For more information on MLD see Appendix.

(11) STIMULUS Channel 1 and Channel 2

a. TONE — pure tones available are 125, 250, 500, 750
and 1000, 1500, 2000. 3000, 4000, 6000, 8000 and
12,000 Hz + 1 % accuracy. With the Bekesy option,
the sweep frequency range is 125 to 12,000 Hz with
+2 % accuracy for digital readout and +3 % ac-
curacy for chart readout. The total harmonic distortion
is less lhan 2%.

b NB NOISF — centered at each test frequency and
available lor all tcsl frequencies with a 3 dB down
bandwidth of less than 1 /3 octave. Each narrow band
is calibrated in effective masking

¢ WHITE NOISE — calibrated for pure tone effective
masking if a tone type signal is selected and for
speech effective masking if a speech type signal is
selected. Electrically, there is equal energy per Hz
with 3 dB down points at 60 H/ and 15.000 Hz with a
12 dB/octave roll oil thereafter

d SPfICH NOISE calibrated in otloctivo masking
level and consists of equal energy per Hz from 250 to
1000 H/ with a 12 dB/oclave roll-oil from 1000 to
6000 Hz.

(12)TRANSDUCER Output Selector -

(13)

e. MICROPHONE — input capability for live-voice
speech testing when the SPEECH test type is ac-
tivated. The microphone also allows tor communica-
tion with the patient when the TALKFORWARD
pushbutton is depressed and/or with a test assistant
when the AUX INTERCOM pushbutton is depressed.

t. TAPE A and TAPE B — accepts recorded speech
material from an optional two-channel tape cassette or
reel-to-reel tape recorder.

g EXTernal — pushbuttons allow ior the acceptance of
external signals. It is calibrated for speech in a
speech test mode or to the selected frequency in a
tone test mode as long as the dB (VU) meter reads 0
dB.

NOTE
An additional pushbutton may be selected
along with EXT on Channel 1 because the
signal represented by that additional pushbut-
ton may be routed to an external device for
modification and then rerouted back to the GSI

TO, Only one pushbutton at a time may be
selected from the Channel 2 STIMULUS group.

To exit EXT push a TEST TYPE pushbutton.

permits the
easy and simultaneous selection of the transducer for
each stimulus available through Channel 1 and Channel
2. The labels to the left of this row of pushbuttons
describe the transducer receiving the test signal from
Channel 1. The labels to the right of this row of pushbut
tons describe the transducer receiving the test signal

from Channel 2. The following combination of
transducers is available:)
CHANNEL 1 CHANNEL 2

PHONE PHONE

BONE PHONE

BONE BONE

SPKR SPKR

SPKR PHONE
Routing Output Selector — permits the easy and

simultaneous selection o! the route for each stimulus
available through Channel 1 and Channel 2. The labels to
the left of this row of pushbuttons describe the route
receiving the test signal from Channel 1. The labels to
the right of this row of pushbuttons describe the route
receiving the tesi signal from Channel 2. The following
combination of routing is available:

CHANNEI 1 CHANNEL ?
left Right
R L
L L
R R
R R
IR-LR mixes stimuli from both channels to each

transducer and drive:; both the loft and ricjht transducers
with this combined signal.

NOTE
(1) All routing pushbuttons are invalid for
BONE BONE- The routing is set internally.
When the transducer selection ol BONE



BONE is exited, the routing selection will
default to R-L.

(2) BONE-PHONE and SPKR-PHONE routings
can be utilized only in L-R and R-L. If either
PHONE-PHONE or SPKR-SPKR is selected,
then all routing pushbuttons are valid.

(14) MONfTOR Controls (CHAN 1, CHAN 2, SPKR)
— pushbutton is used to turn the monitor speaker on
and off. The monitor phone is activated by plugging this
phone into the MONITOR PHONE-OPERATOR jack on the

NOTE
When the EXTernal input jacks for Channel 1
and Channel 2 are used, the gain control on the
external device must be adjusted to obtain 0 /
dB HL indication on the appropriate channel
dB (VU) meter.

(16)TALKBACK CHAN 2 METER Control — knob
controls the talkback gain through the monitor speaker,
monitor phone and auxiliary insert phone. Activating the
pushbutton allows the talkback signal to be monitored on
the Channel 2 VU meter. When the TALKBACK CHAN 2

rear panel ofthe GS! 10. The monitor speaker or the monitor phone aIIowstfmatorto I'%stent stimulias

they are being presented via Channel 1 and/or Channel 2
or to listen to patient comments via the TALKBACK
system. The CHAN 1 and CHAN 2 controls adjust the
gain of each channel to the monitor speaker, monitor
phone and auxiliary insert phone simultaneously,

NOTE

(1) When MIC is selected on either channel,
that channel's input to the monitor speaker
and monitor phone is deactivated to reduce
acoustic feedback. The input to the aux
iliary insert phone remains active if
selected.

(2) When TALK FORWARD is selected, both
Channel 1 and Channel 2's input to the
monitor speaker, monitor earphone and
auxiliary insert phone are deactivated.

(15) MIC, TAPEAand TAPEB —controls are used to

adjust the signal from these external sources so that their
level is accurately reflected by the dB HL displays on the
front panel. These inputs are adjusted by turning the ap
propriate control until an indication of 0 dB on the
average is obtained on the selected channel dB (VU)
meter.

IS active, the same knob sets the level of the
Channel 2 dB (VU) meter.

NOTE
CAUTION should be taken when setting the
TALKBACK CHAN 2 METER to read 0 dB when
utilizing the monitor speaker, monitor ear-
phone and auxiliary insert phone. The hearing
level in these monitors may become uncomfor-
tably loud.

(17) AUXHiary INTERCOM — provides a means for the
operator to communicate with an assistant located in the
test room and, in addition, allows this assistant to
monitor the Channel 1 and Channel 2 signal presenta-
tions. By pressing the AUX INTERCOM pushbutton, the
lamp next to it is illuminated and, the operator may talk to
the assistant wearing the AUX INTERCOM insert phone
at any time without the patient hearing the conversation.

NOTE
If the operator would like to talk to the patient
and the test assistant simultaneously, then the
TALK FORWARD pushbutton must be pressed
while the AUX INTERCOM is active. Alternate-

ly, Microphone may be selected as an input
source on at least one of the channels.

ErANSEL 3

Figure 2-3. Bottom Front Panel o



(18) TALK FWD dB HL — variable

(19)

(20)

(21) RUN,

The AUX INTERCOM knob controls the level of the signal,
i.e., the tester's voice supplied to the AUX INTERCOM
insert phone. The test assistant will also hear the Chan-
nel 1 and Channel 2 monitor signals as well as the patient
talkback signal at the levels set by their respective con-
trols on the front panel.
NOTE
Independent control over the monitor and

talkback level is not obtainable for the operator
and test assistant monitors.

In order to deactivate the Auxiliary INTERCOM, press the
AUX INTERCOM pushbutton. The lamp next to it will no
longer be illuminated.

level control knob,
calibrated for use with all of the included transducers at
45, 60, 75 and 90 dB HL when giving patient instruc-
tions.

BEKESY (active only with the Bekesy option)

a. SWEEP f- — pushbutton initializes the procedure for
a Bekesy forward sweep test, beginning at 125 Hz or
at a frequency selected by the operator prior to RUN.

b. SWEEP f*- — pushbutton initializes the procedure for
a Bekesy reverse sweep test, beginning at 12,000 Hz
or at a frequency selected by the operator prior to
RUN.

c. TONE DECAY — pushbutton initializes the procedure
tor a Bekesy tone decay test with a hard-copy of the
test results being traced out on the X-Y recorder.

d. TIMED ON — pushbutton initializes the procedure for
a Bekesy timed test with a tone type signal (i.e., fixed
frequency). However, a speech type signal may also
be selected.

NOTE
TIMED ON can be selected simultaneously

with all test types except for SISI and AUTO
HL.

TIMED CLEAR- pushbutton allows operator to exit

Timed Bekesy mode.

f. OCT/MIN, MIN — pushbuttons select an octave rate
per minute (0.5, 1.0 or 2.0) for frequency change
during a sweep frequency Bekesy test. When in TONE
DECAY or TIMED ON, these pushbuttons select a test
duration in minutes (0.5, 1.0, or 2.0).

g HL dB/SEC (In SWEEP f-> or -, TONE DECAY or
TIMED ON) — pushbuttons select a rate of atlenua-
tion change of 1.25, 2.5 or 5.0 dB/SEC during the
test.

wore
These pushbuttons may be used during all non-
Bekesy test modes except Auto HL to change
dB size to 1.0, 2.5 or 5.0 dB steps.

REF FREQ CHAN 2 — pushbuttons increase or
decrease the Channel 2 frequency when in the DUAL
FREO test type.

PAUSE,

STOPICORRECT, CLEAR, IN-

(22)

(23)

(24)

CORRECT — pushbuttons control the operations on
the Left-hand Display. When TONE, SISi, ALT, SIMUL,
AUTO HL or BEKESY is selected, the pushbuttons func-
tion as RUN, PAUSE and STOP. CORRECT, CLEAR and
INCORRECT are valid for the SPEECH test type.
NOTE
These pushbuttons are invalid for the DUAL

FREQ test type since the Left-hand Display is
used to display the Channel 2 frequency.

HEARING LEVEL CHANNEL 1 and CHANNEL
2 Controls — Turning a control clockwise will increase
the channel's HL and turning the control counter-
clockwise will decrease the channel's HL.

NOTE

The control step size will automatically in-

itialize to 2.5 or 5.0 dB, depending on the test

type selected. However, the HL dB/SEC

pushbuttons on the BEKESY panel may be

used at any time to change step sizes to 1.0, 2.5

or 5.0 dB in all test types except AUTO HL.
The HL value shown on the dB HL display for each chan-
nel is the actual HL that will be routed through the
selected transducer to the subject, irrespective of input
source, frequency and output transducer. These
variables are automatically taken into account by the GSI
10 and the necessary adjustments are made internally to
maintain the HL. The range of HL on either channel is
from - 10 dB HL to the maximum iimit of the transducer
selected for that channel.

INTERRUPT — pushbuttons determine the status of
their respective tone bars and operate independently. To
select the normally ON position, press the INTERRUPT
pushbutton, the lamp next to the pushbutton is then
illuminated.

NOTE
When the INTERRUPT pushbutton is set to the
normally ON position, the corresponding chan-
nel is deactivated (interrupted) upon pressing
the tone bar and activated (presented) upon
releasing the tone bar.
To select the normally OFF position, press the INTER-
RUPT pushbutton once again. The lamp next to the
pushbutton is no longer lit.
NOTE
When the INTERRUPT pushbutton is set to the
normally OFF position, the corresponding
channel is activated (presented) upon pressing
the tone bar and deactivated (interrupted) upon
releasing the tone bar.

Tone bars — each tone bar is independent unless the
tone bars INTERLOCK is activated.

When in a normally OFF (present) mode with a STEADY
tone, activation of the tone bar will result in the im-
mediate presentation of the stimulus. The stimulus will
be presented for as iong as the tone bar is pressed.
When the tone bar is deactivated the channel will turn off
immediately.

NOTE
If a pulsed timing is selected and the first pulse
has not finished before the tone bar deactiva-



