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CHAPTER- |

| NTRCDUCTI ON

Abnormal auditory adaptati on has been of diagnostic
interest to the clinical audiologists while diagnosing a
case of retrocochlear pathology. It is reflected while

using tone decay tests in the diagnostic battery.

It is known that continuous stinulation of the auditory
systemusing pure tones at thresholds level results in the
di sappearance of the sane (tone) after a while. D scovery
of this phenonenon has been credited to Al brecht by

Kobrak et al. (1941).

Al brecht's effect appears as a tendency of the threshol d
torise gradeally when the tone is continuous but not
interrupted, (Ward, 1963). This phenonenon is referredto

by many terns, but the termgenerally used nowis 'Tone Decay'.

Tone Decay then referred, to the decrease in threshold
resulting fromthe presence of an audible sound. It can
be nmeasured at threshold or supra threshold levels. It is

the threshold level tone decay that is referred to as Al brecht

effect and they are used in synonymin the present study.

A brecht's effect is said to have taken pl ace, when
a subject reports that a tone presented to his ear, at
his hearing threshold |evel continuously, and w thout any

i nterruptions? has di sappeared. That is to say, when a



tone is presented continuously wthout any interruptions

at threshold level it disappearsafter a while.

The above phenonenon has al so been reported in terns
of threshold tone decay or the "decrease"in threshold
sensitivity resulting fromthe presence of a barely

audi bl e sound." (Geen,, 1978).

The supra threshold tone decay tests are used in
cur present clinical situations to identify retrocochl ear
pat hol ogies. In these tone decay tests, the nagnitude of
tone decay is usually expressed in terns of the nunber of
dBs inrelation to the appropriate limt of the tine
prescribed at a supra threshold level. The results expressed
are in terns of the nunber of dBs above threshold at which
acriterion of prescribed tine limt is met. This has the

di agnosti c significance.

As the amount of the intensity has a diagnostic
significance, so also, the tine may reflect the pathol ogy
inthe auditory system This is very well reflected when
one used the Ownen's nodification of Hood' s (1956) tone decay
test where, the rapidity and anount of decay are anal ysed

to obtain val uabl e di agnostic i nfornmation.

Still, this test (Oaen's 1964) provides for the

Rapidity of decay only at supra threshold levels (5dB SL).
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However, the literature that is available here has
no nmention of any study that has studied the threshol d
| evel tone decay expressed in terns of the duration of

decay.

Hence the present study: -
The aimof the present study is to neasure the duration
of decay of a tone that is presented continuously, wth-

out any interruptions at the hearing threshold of a subject.

It is planned to use the normal subjects in the
present study as there are no studies in out literature
giving to an idea about the range in duration of decay at
threshold level.. It is reported el se where that the
normal hearing subjects show a maxi numof 5 - 10 dB of
tone decay (WIleford, 1960, Sorensen, 1962, Yantis and
Onens 1964). This is of help in our diagnosis because we
know t hat any decay above this range is abnormal. This

provides for a nornal conparitive data.

I n the same manner, we have no normative data to
reflect the anount of duration. Hence the present study's

main aimis to obtain data with nornal s.

This will be of help when studies are taken with
pat hol ogi cal subjects. The results of the present study

can be easily used for conparison.

The "duration of decay" in the present study refers

tothe amount of time that a subject required to report
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that the tone presented continuously and w thout any

interruption at his threshold level is no | onger heard.

The study al so ains to answer the follow ng questions:
1. What is the duration for which a tone of given frequency
is heard at threshold |evel?
2. Does the frequency of the test tone influence the
duration for which a tone is heard before it decays

into, i naudi bility?

To be nore precise the present study is an effort
a) to know the duration of decay at threshold |evel.
b) to understand whether this durationis, or is not,

frequency dependent.

Hence the foll ow ng hypothesis that "The duration for
which a tone is heard at threshold is independent of its

frequency,” wll be exam ned.

It has been reported el se where, that the anount of
decay in terns of dB varies with frequencies. ie.. the
amount of decay increases with increase in frequency, of
the stimulus used, (Doehring and Sw sher, 1971, Moral es-

G acia and Hood 1972). Because of this it is expected that

the duration of decay should be al so varying with frequency.

For the purpose of obtaining the duration of decay,

normal hearing young adults will be admnistered, a
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nodi fied formof the threshold tone decay test. The
amount of time taken for the di sappearance of the tone at
threshold will be recorded at 500 Hz, 1000 Hz, 2000 Hz,
4000 Hz and 8000 Hz.

The data thus collected will be analyzed statistically.

| mpl i cations: -

1. It provides information which will be hel pful for
further research in this area.
2. It provides data in terns of duration of decay at
threshold at different frequencies within its linmtations.
3. If the expected results are arrived at, the time consuned
in admnistering the tone decay test will be greatly reduced.
If we are able to collect the data about the duration of
decay, in different pathol ogical cases and we can conpare
the same with the present and the other enhanced data

with normal s.

Limtations of the present study: -

a) It is only a pi | ot st udy.

b) It will be done only with a |imted nunber of subjects
for want of time, hence we may not be able to generalize
the results.

c) The results that will be arrived at in the present study

will be limted to this study.

* % % * *x * % * % * *x * %



CHAPTER-I

REVI EW OF LI TERATURE

At the onset, it is inmportant to differentiate

Tone Decay fromot her aspects of Adaptation.

Auditory adaptation is a conplex process. It refers
to any change in the functional state of the auditory

systemand is manifested in a nunber of ways.

Cl assically, the phenonena included under a adapt a-
tion could be distinguished in two different ways,

(Vard, 1973).

a) Concomtant - (Cbserved during exposure to the

acoustic stinmulus) or Residual (observed after

exposure to the acoustic stinulus).

b) Mnaural - (requiring one ear for its neasurenent)or

Binaural - ( requiring both ears for neasurenent).

The phenonenon of Tone Decay is thus associated with
a nunber of ternms which include auditory threshold fatigue
tenporary threshold fatigue (Kos, 1955), abnormal adap-
tation (Carhart, 1957), Pathol ogic rel apse (Hood, 1956),
Tenporary threshold shift (Lierle and Reger, 1955), slow
adapt ation (Sorensen, 1962), Tone perversion (Parker,
Decker and Richards, 1968), Perstinulatory auditory
adaptation (Palva, 1964), Threshold drift (Harbert and
Young, 1962) and Pat hol ogic fatigue (Flottorp, 1963).



2.1

These terns cannot be used interchangeably w th Tone
Decay, but if the signal being discussed is at or near
threshold, it may be safely assuned that these con-
current changes relate to the tone decay phenonenon.

As has been nentioned earlier, Al brecht's effect appears
as a tendency of the threshold to rise gradually, when
the tone is continuous, but not interrupted, and hence

may be used synonynously with threshold tone decay here.

Fol I owi ng the "A assi cal classification" givenearlier

Tone decay is a concomtant Mnaural type of adaptation.

Dfferentiation of Tone Decay fromsimlar phenonena: -

Tone Decay can be differentiated fromsimlar
phenonena in terns of recovery period and nethod of

nmeasur ement .

Tone Decay and Fati gue: -

The major distinction between the two is that
fatigue effects last |onger and can be neasured after
the fatiguing stimulus is discontinued. Efects of

Tone Decay on the other hand recover very rapidly.

Auditory fatigue, when used w thout explicit
definition usually refers to tenporary threshol d

shift, TTS.



Measurenent of TTS: -

TTS is a residual nonaural phenonenon and is neasured
as follows: A Fatiguer is presented for atine T.
Then the test stimulus of duration r is presented, at
atime t after cessation of the TTS arousing stimul us.
The change in detection threshold for the test stimul us,
relative to the "resting" (Pre-exposure) threshold in

decibels is the threshold shift.

The duration of TTS is usually related nonotonically
to the intensity and duration of the fatiguer. The
fatiguer nay be interrupted and the TTS may be sound by
finding the threshold of a pure tone presented in the

pauses (ultra short termTTS : Residual Masking) or nmay

be of a noderatelevel i.e., below85 dB SPL. In the
|atter, the TTS persists for a couple of m nutes.

Anot her property of TTSis that it increases wth exposure
time but by 1 mn. has essentially reached its nmaxi num
value., TTS sel domexceeds 15dB. Physiol ogical fatigue
however, reaches val ues of 30dB & recovery here may

take upto 16 hours. TTS may thus be long |asting.

This is seen when exposure to noise is present for

several hours. This is pathological fatigue. It is also
acconpani ed by perceptual changes in pitch. The

affected ear heard the sound as "flatter" (lower in pitch)

I n a general sense.
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Tone decay and Perstinmulatory fatigue: -

Tone decay is often confused with perstinulatory
fatigue. Perstinulatory fatigue was the first aspect
of auditory adaptation to be described. This confusion
primarily exists because of the assunption that the
"phenonenon is based prinarily on a reduction in | oud-

ness i n the exposed ear" (\Ward, 1973).

Dove denonstrated that if one ear were exposed to
a tone for some tine, then introduction of the sane tone
simul taneously into the other (control) ear, resulted in

the perception of a tone only inthe latter.

It is difficult to decide if the Loudness of the
tone in the exposed ear decreased or if the character-
Istics of the ear shifted so that "a tone in that ear no
| onger had the sane lateralizing power as at the begining
of the exposure,” (Ward, 1973). It is thus difficult to
decide if the phenonenon is peripheral or central. A

nunber of studies indicate that it is probably central.

Fl ugel found that the two ears of a given observer
often displayed different degrees of asynptotic adapta-
tion at a given frequency. He then argued that when the
tone was presented binaurally, the |oudness in the nore
suscepti bl e ear shoul d decrease. But no such shift

occurred, indicating a conplicated central nechani sm
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Mrabella et al (1967) asked the subjects to keep
t he | oudness of a sustained tone constant and found
that at 70dB SPL, the upward drift in 10 m ns, was 3.5dB
and at 90 dB, there was a downward drift, inplying that,

| oudness was i ncreasi ng.

In the perstinulatory adaptation paradi gm however,
a 20 - 50 dB i nbal ance is observed (Ward, 1973). This
i ndi cates that perstinulatory adaptati on appears only
when both ears are simultaneously stinmulated, and has
nothing to do with the adaptation of cochl ear receptors.
Tone Decay on the other hand is a nonaural phenomenon
and is neasured wi th nmonaural stinulation under the

follow ng conditions:-

1. The stimulus is a pure tone instead of a noi se.
(irregularity helps to mnimze growth, Carterette,
1956) .

2. The control ear is given a pulsed instead of a
continuous tone (this keeps the effect fromdim -
ni shing during the process of testing for it,
Wight, 1960).

3. The adapting stimulus is continuous.

4. The instructions enphasi ze nedi an pl ane bal ance
rather than "equal |oudness" (S ockinger and

St udebaker, 1968).
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5. When the test subjects are adults, (Children
between the ages of 7 to 15 years did not denon-

strate nmuch adaptation, (Karjer, 1968).

Thi s phenonmenon was negatively correlated with

TTS (Tanner, 1955), but has not been redupli cat ed.

In terns of recovery fromadaptation too. Tone

Decay differs fromperstinulatory adaptati on.

"Threshol d Tone Decay recovers within a few
seconds follow ng the cessation of the signal. The
recovery is too fast to be classified as perstinulatory

adaptation.............. vy, (Sergeant and Harris, 1963).

Tone Decay and fast Adaptation: -

Sergeant and Harris (1963) classified tone decay as
a "Uni que category" of adaptation based on the threshold
of recovery. They said that the recovery of Tone Decay
foll owing cessation of stinmulus was slower than that of

fast adaptati on.

Fast adaptation has a brief onset (300 msecs or |ess)
and recovery, and its locus whichis the hair cells, as
well as its insensitivity to cunulative effects. It is
measured with clicks and is a function of inter-click

I nt erval .
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Thus, the inconsistencies in termnology can be
ruled out by differentiating between
(a) The met hod of neasurenent of the phenonmenon
and the conventional nethod used to neasure
tone decay and
(b) The threshol d recovery period.
As has been nentioned earlier, Tone decay can be measured
at both threshold & supre-threshold |level. Threshold
tone decay appears as the decrease in threshold sensitivity
resulting fromthe presence of a barely audible sound?
supra threshold tone decay is a decrease in threshold

resulting froma sound well above the threshold.

Inthis project, it is the threshold tone decay

whi ch i s being neasured.

Tone decay neasurenments are usually nade with a
conventional pure tone audi oneter and can be applied
to any avail able frequency. The quantity of tone decay
I's expressed as the difference between the initial
threshold and the threshold at which the test is term nated.

This difference is expressed in dB.

The met hods of neasurenent of Tone decay are
based on the early observations nade by many

I nvesti gators.

After the discovery of this phenomenon, severa
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ot her discoveries were nade. 1|n 1890, Corrad
denonstrated that Tone decay occurs in Bone conduction.
Oradeni go (1893) observed that patients with acoustic
tunours responded to a naximally vibrating tuning fork

for only a few seconds.

Dunlop reported the off-effect noted in Tone
decay tests. H's subjects listened to a sound
"emtted by tel ephone receiver", at threshold intensity.
Their task was to indicate when the signal was absent.
Dunl op reported that al nost half the subjects reported
hearing the tone cease, when it was turned off (The
signal was turned off after the subject reported it to

be i naudi bl e).

Conflicting results were al so reported.

Schaf er (1905) noted that not everyone experiences
t one decay, even at higher frequencies. He could hear

Lord Rayleigh's bird call indefinitely.

Rhase (1906) found no consistent difference
bet ween normal ears and persons with mddle ear
pathology. S mlarly Bl eyl (1921) found no differences
bet ween persons w th normal hearing, oonductive | osses,

perceptive |osses and "m scel | aneous".

Research on tone decay canme to a standstill after

these early reports.
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Then in 1944, K Schubert, used a conventiona
audi oneter to measure tone decay. The procedure he
used was as foll ows:

The patient was allowed to listen to a tone at
5dB SL until it disappeared. Thereafter, the intensity
was raised in5 dB steps without interruption until a
pl at eau was reached or the maximumlimt of the
audi oneter. He found that for normal ears of young
peopl e (under 30 years) there was no effect at
frequenci es bel ow 1KHz. At hi gher frequencies, slight

effects were seen.

Inindividuals with i nner ear deaf ness, the

effect was grossly exagger at ed.

Hood(1956) reported a nore el aborate procedure.
The subject's threshold of hearing for an interrupted
tone was obtai ned and the subject was instructed to
raise a finger as long as he hears the bone and to

lower it if it faded into inaudibility.

The test was begun at 5dB above the threshol d.
Wen the tone was reported to be inaudi ble, a 60 second
rest period was given and the intensity of the tone
raised by 5 dB and the procedure continued until a tone

was heard indefinitely.

It was not until 1957, that a formal clinical test

was devel oped to neasure tone decay.
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This test is conducted in a nunber of steps.

1. The subject's threshold of hearing is obtained for
an interrupted tone.

2. The subject is instructed to raise his finger as
|l ong as he hears the tone and to lower it if the
signal fades into inaudibility.

3. The test is begun with a sustained tone, belowthe
establ i shed threshold and ascend in 5 dB steps
without interruption until the subject responds.

4. As soon as the subject responds, timng is begun
wth a stopwatch. |If the tone is heard for a ful
mnute, the test is termnated.

5. If the subject indicates that he no | onger hears
the intensity of the tone is raised by 5dB w t hout
interrupting it and the stop watch set back to
zero to begintimng for a mnute again. A record
I s Kept of the nunber of seconds, the tone is
audi bl e at each intensity.

6. The test is continued until the tone is heard for
one mnute. The test is termnated at 30dB SL even

If the tone is not perceived for one full m nute.

Most testers using the Carhart procedure, begin

the test at threshold or at 5dB above the threshol d.

This test served as a base for a nunber of other

tests. Odsen & Noffsinger (1974) suggested begi nni ng
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the test at 20dB SL. They al so stressed the inportance
of requiring a response to "tonality" as opposed to

response to "any sound"” during tone decay testing.

This 20dB SL techni que was as sensitive as Carhart's
procedure in identifying excessive tone decay. Carhart's
nmet hod was shortened by Rosenberg(1958). He limted
the exploration given to any given tone to 60 seconds.
The threshold was found simlarly and the instructions
were simlar. |If the subject indicated that he no | onger
heard the tone, the inteasity was rai sed 5dB wi t hout
interrupting the stimulus or stopping the watch. This
was continued and at the end of a total of 60seconds,
the tone was turned off and the amount of decay in dB

I s conput ed.

In 1963, Geen nodified the instructions given
with the shortened | mnute version of the Carhart
test. He noticed that sone patients with retro-cochl ear
| esi ons experienced a loss of tonality before the |oss

of audibility on the tone decay test.

The patient is seated in an armchair and told to
mai ntai n el bow contact with the armrest while he
signals. If the stimulus loses tonality, but is audible
he is trained to lower his armto a 45° angle and to
| ower his armto the rest position if the sound becones

i naudi bl e. The patient is cautioned agai nst adjusting
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t he earphones or chewing while the test is in progress, since
the slightest interruption in the continuity of the stimulus
can inpair test reliability. A response to perception of

tone is felt to enhance the sensitivity of the test.

This change in the quality of the tone has been call ed
tone perversion by Parker et al (1968) and a nunber of other
I nvestigations. Jerger and Jerger worked on the hypothesis
that the synptons of abnornmal tone decay first appear only
at the highest testable sound intensities. In 1975, they
proposed the "supra threshol d adaptation test" (STAT). The

test frequencies are 500, 1K, 2K in that order.

The subject is instructed to signal as long as he hears
the sound in the test ear. The non test ear is masked with

white noise at 90 dB SPL.

The test tone is presented at 110 dB SPL until the patient

I ndi cates that he no | onger hears the tone or 60 secs have

el apsed (which ever cones first). The test is scored - ve

If he hears it for 60 secs but +ve otherwi se. To ensure

that he has understood the task, a pulsed tone is given at

the sane level. |If he responds, he is responding to the

test inareliable manner. The 110 dB SPL are roughly 100

dB HL at 500 Hz and 2KHz and 105 dB HL at 1KHz.

Onens (1964) nodified the Hood techni que, incorporating

a 20 sec rest period between stinulus presentations. He
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provi ded both the amount of tone decay upto 20 dB SL and
the pattern in seconds, at succeeding |evels for categori-

zation into nornal, cochlear and retro cochl ear types.

The tone decay patterns the obtai ned are given bel ow -

Level s above Patterns O Decay

t hreshol d Type | Type 11 Type
A B C D E I

dB

5 60 25 7 12 15 5 14
10 60 34 26 23 14 16
15 60 40 30 18 12
20 60 29 21 14

The nunbers in the table represent the seconds of tine
the tone was heard at the intensity | evel indicated before

fading to inaudibility.

Ot her variations were reported by Sorenson (1962) who
used a 90 sec criterion for termnating the test and

confined his test to a single frequency - 2KHz.

These are the conventional nethods of measuring tone-
decay. Despite their w de spread use, systens of classifi-

cation are few
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Rosenberg (1958) devised a gradation based on the
nunber of dB of tonedecay resulting fromapplication of

hi s procedure.

O to 5 dB - Nornal 20 - 25 dB - Moder at e.
10to 15dB - MId 30 dB or nore - Marked.

The type | category of Onens is considered normal. A
nunber of authors agree that 5 to 10 dB of tone decay is
seen in normals, Jerger and Jerger (1975) state that tone

decay as high as 15 to 20 dB is sonetimes seen even in nornal s.

I n the pat hol ogi cal group, Onens found that Types

| and Il are characteristic of Meniere's disease and Type
Il characteristic of a cranial nerve VII1 |esion. Types
I, I'l, and Il he said could be correlated to Bekesy
audi ogr ans.

Moral es - Gancia and Hood, 1972, used a 4 type cl assi -
fication systembased on the Carhart tone decay test results.
Type | was mninal and did not exceed 15 dB.

Type Il - slightly greater tone decay.

Type Il - Mre that 20 dB at 500 Hz, 25 at 1KHz, 30 at 2KHz
and 35 at 4KHz.

Type IV - Smlar to type IlI1, but nore rapid i n decay.

There is no standard systemof classification, but

mar ked tonedecay is characteristically found in patients
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with retrocochlear |esions. The data does not provide
much informati on about the phenonenon in normals. Due to
the paucity of literature available, the investigator

has been forced to suppl enent information known about

normals with that gathered from pathol ogi cal oases.

Mechani sm of Tonedecay: -

Tone decay is a normal phenonenon. The nechani sm of
tonedecay is not exactly known, but nany specul ati ons have
been made. All these specul ations are based nostly on

st udi es on pat hol ogi cal groups.

Mar ked tone decay was found in patients with retre-
cochl ear pathol ogy; Abnormal tone decay can be caused by
neural degeneration, inflanmmtion, traum, as well as
space occupying lesions |ike tunors which press against the

VIl nerve.

The etiologies that can manifest tonedecay are
acoustic tunour, primry chol esteatonma, neni ngoma(Johnson, 1966)
thermal injury to nerve VIII (Harbert and Young, 1962),
Mul tiple scelerosis, nmunps, neuritis, Von Recklinghausen's
di sease, acquired genetic deafness, Ranmsay Hunt syndrone,
intra cranial aneurysm head trauma, (Harbert and Young)
Pi neal oma (Kos 1955), Nerve | X neuroma (Naunton.et.al, 1968)
Cerebell ar atrophy (MIler and Daly, 1967), Extraaxial brain

stemlesion (Jerger and Jerger, 1974).
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Reversi bl e tone decay has been described in nerve VIII
neuritis, multiple scelerosis, pineacoma and Cerebell ar
atrophy or cerebellar tunmour (stroud and Thal amann, 1969).
Such a wide array of etiologies causing abnornal tone decay
has caused a nunber of specul ations about the nechani sm and

| ocus of tone decay.

Mechani sm of Tone Decay in Pathol ogical ears:-

Tone decay is associated with both decrease in |oudness
as well as a change in tonality. Any theory about the

mechani sm of tone decay nust explain both these factors.

The underlying physiol ogical correlate of tone decay
is generally assuned to be an absence of neural elenents to

fire continuously.

They fire normally at the onset of a tone or in
response to a sudden change in level, but if the level is

sust ai ned, then activity ceases.

This initial burst of auditory excitation or On effect
is followed by adaptation, ie. progressive reduction in
excitation to sustained stinulation was observed in a
nunber of cases. Hallpi ke and Hood 1951 enphasised this
on effect. This is analogous to the Wedensky inhibition
of peripheral nerves. It was found that if a short stretch
of nerve was partially narcotized, the first inpulse of a

series or a entire series of inpulses would pass through
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successfully, but a rapid sequence would fail after the

first inpulse or first fewinpul ses.

Davi s(1962), based his hypothesis on this phenonenon.
He said that Wedensky's narcotically induced bl ock was
simlar to the partial dysfunction of a |arge nunber of
nerve fibers froma retro cochlear |esion. The gradual
slowi ng of recovery and failure of conplete recovery
during continued stinmulation would cause "programe

failure of nore and nore of the inpaired fibres."

Thi s nodel accounts for the sinultaneous |oss of

tonality and audibility.

Anot her condition exists in which the fatiguing signal
| oses tonality but not audibility. It is postulated that
there is less inpairnent of function when tonality but

not audibility is |ost.

This statenent is borne out by sonme observation on a
case with sudden deafness with conpl ete recovery. Harbert
and Young (1964) found that while the patient began to
recover, tone decay tests with the subjects responding to
any sound, showed a reduction in the amount of tone decay,
but when instructed to respond to tonality, little inprove-

ment was seen until further recovery took place.

Thi s phenonmenon may be explained fromthe travelling

wave and Vol l ey theories (Geen, 1978). |If the place of
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maxi mal stinulation on the basilar nmenbrane and adjacent
areas is "served" by a large nunber of defective fibres,
the stimulating tonewi |l fail to be sustained, and the
adj acent areas to which the signal spreads, wll exhibit

a lack of response, no that tonality and audibility fade out.

If the adjacent areas have intact reserve fibres
however, they would maintain the junction for an additional
period of time and so audibility but not tonality would

be preserved.

The off effect is often seen in tone decay. The tone
| oses both audibility and tonality, but the patient
becomes aware that the tone has been with drawn, as soon

as it is discontinued.

This effect is due to the neural off fibres found in
the vertebrate ears and eyes, which are activated when

sound or illum nation ceases.(Harbert and Young, 1962)

This, is the mechani smof tonedecay in pathol ogical
ears? what then is the mechanismin normal ears? For,

tonedecay, is seen in nornals also but to a certain extent.

TONE DECAY | N NORVAL EARS:

It cannot be denied, that what is seen in pathol ogica
ears, probably exists in normal ears in a different degree.

Pat hol ogi es, as has been found earlier, often helpto
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determne the nornmal function.

To under stand what happens in tonedecay, a paralle
nmay be drawn between tone decay and the di sppearance
of a steadily fixed visual target. |If the target stinu-
| ates precisely the sane area of the retina at all tines
by what ever neans, then, after a fewseconds, the target

di sappears.

Matthew s (1931) work denonstrates this effects clearly.
He found that when a stinmulus is applied to the ear end organ,
the Action Potential response consists of an initial high
frequency di scharge known as "Onheffect". The duration of
this initial burst of inpulses is brief, inthe order of
0.2 seconds, and is followed by a slowdicline in the dis-
charge frequency with tine. This decline is independent of
the intensity of the stinmulus and can thus occur at either

threshold or supra threshold |evels.

Tone Decay and Threshol d: -

Hood noticed that a tone presented at | ow or near
threshold intensity |evels decayed, but "w th higher inten-

sities, the persistence of sensationis indefinite."

This suggests that the auditory systemrequires a
certain level of stinmulationto naintain its response at.
one level, indefinitely. This level is the aane, regardl ess

of whether the tone is initially presented at threshold or



2.19

at any ot her val ue. (Qsen and Nof fsinger, 1974).

This may be as in pathologies of VIII nerve, where a
certain nunber of the fibres are under continuous stinula-
tion and may be in an "absolutely refractory stage."

(Sung, et. al. 1967).

These fibres probably respond to lowintensity. As
the intensity increased, fibres which required a higher
| evel of intensity were brought into action and since were
| arger in nunber, would then sustain the perception. This
critical level of the stimulus above the threshold is what
I's found when the Tone Decay tests are admnistered. 1In
normals it has been found that at a level 5 to 10 dB
above threshold, a tone is sustained for one mnute at
|l east. (WIlleford, 1960 and ot hers). This indicates that
the duration for which a tone is sustained at threshold
| evel i1ncreases very rapidly for every deci bel increase
of presentation upto this critical pointsie. 5to 10 dB SL

general ly.

Thus, the accuracy with which the hearing threshol d

Is established will affect the result, (Langenbeck 19 ).

The nost common i ndex of adaptation is tine, and in
the tone decay tests, the tinme for normalcy, (upto a
certain sensation | evel of presentation of course) is

fixed to 60 seconds. Beyond 30dB SL, decay is pathol ogical .
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It would be interesting to find out, how long the
auditory systemcan sustain the sensation of hearing at
threshold | evel. Tonedecay was found to increase with

threshold (Mrales Garcia and Hood, 1972).

Tone' Decay and the SPL of the test tone in Sensori-neural

and conductive hearing | oss: -

In 1971, Doehring and Swi sher, studied the relation of
tonedecay as a function of the SPL of the test tone in SN
| oss. They found that Tonedecay, tended to increase with
I ncreasi ng threshold | evel when both Rosenberg test and
Bekesy audi onetry were used, at all frequencies. The tendency
of tonedecay to increase as the threshold increased to 80dB,
confirnms Onen's finding that tone decay sel domoccurs with
threshol d | evel s bel ow 35dB for frequencies bel ow 2KHz.
This relation does not hold good in conductive |oss.
Sorenson found essentially no tonedecay present in persons

w th conductive | oss.

It is agreed that persons with sensori-neural |oss
that is cochlear, do exhibit sone decay, that is a little
nore than normals, but this is stabilized wi th increasing

sensation levels. Eg. Meniere' s D sease.,

At 20 to 30 dB SL, persons with cochlear |oss percieved
atone indefinitely (Hood). Types | and Il categories as
descri bed by Onens (1964) are characteristic of Meniera's

D sease.
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Rosenberg (1967) indicated that mld to noderate |evels
of Tone Decay were seen in pathol ogy involving the organ
of corti, but "marked tone decay, alnost al ways" indicated

retrocochl ear pat hol ogy.

Tone Decay and Frequency: —

Avai l abl e data on normal ears show a definite frequency
effect. Carles Mrales-Garcia and J. D Hood (1972) found no
t one decay was markabl e at the test frequency 500 Hz. At
the test frequency 1KHz, 10 out of 41 ears had a slight
“"threshold shift" of 5 dB, at 2 KHz, 10 out of 41 had a
5 dB shift and 2 had a 10 dB shift, and 3 had 15 dB shift.
Wiile no definite correlation was seen at 1 KHz, 2 KHz
bet ween hearing |evels and the anount of tone decay, it was
found that at 4 KHz, the proportion of ears wi th sone del ay
clearly exhibited increased thresholds. It may thus be
concl uded that tone decay was no greater than 5 dB at 500 Hz
and 1 KHz and no nore than 10 and 15 dB at 2 KHz and 4 KHz.
The magni tude of tonedecay increased with frequency, but
one nmust not forget the additional factor of hearing threshold

I nvol ved.

The frequency effect is nmore clear in pathol ogical ears.
General ly,, tonedecay in retrocochl ear pathology is nmarked in
the higher frequencies. This, however, is due to the organi -

zation of nerve fibres in the auditory nerve, with fibers
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fromthe base of the cochlea on the outside and entering

the cochlea in the dorsal position(Neff et al).

Doehring and Swi sher (1971) also report that higher
t onedecay was seen at 4 KHz on the nodified Rosenberg, as

conpared to ot her frequencies.

Tonedecay, was snaller for 500 Hz at hearing threshold
| evel s bel ow 60 dB and their increased to the |evel of other
frequenci es above 70 dB. They report no difference between

a KHz and 4 KHz at any threshold | evel.

Onens found that tonedecay sel domoccurs for frequencies
bel ow 2 KHz when threshol ds are bel ow 35 dB. Katinsky et a
(1972), Silman et al (1978) report a simlar effect. Low
frequencies are rarely affected. Inpairnment in the pons or
hi gher |evels nmay cause a pronounced decay at one frequency

(Mrales - Garcia and Hood 19723.

Tone Decay and Maski ng: -

Contral ateral masking influences the neasurenent of
tonedecay. Shimzu (1969) neasured tonedecay at 500 Hz,
1000 Hz and 2000 Hz in 11 normal hearing subjects and in
34 with noderate, unilateral conductive |oss with 40 dB SR
of contralateral masking, a |level |owenough to avoid
over masking, there was an increase in tonedecay. At 2 KHz
wi t hout masking, only 7%of the subjects had 10 dB of tone
decay, but with nmasking 77%of had 10 to 40 dB of tonedecay.
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e patient with unilateral sensori neural |oss, showed
10 dB of tonedecay at 1KHz w thout masking. Wth 40 dB
SL noise inthe contral ateral ear, there was 30 dB tone

decay and with 60 dB SL, there was 50 dB of decay.

Snashal | (1974), Bl egal (1972) al so report that
contral ateral noise affects tonedecay. Bl egal reported
a greater separation of Bekesy tracing with contral ateral

noi se and this was frequency dependent.

Snashal | reports that greatest masking effect was
seen on Carhart's tonedecay test. 10%of normals showed
| ess tone decay on Onen's test and 20% showed | ess decay
wi th Bekesy. He found however, that adaptation tests at
20 dB SL showed simlar effects to noise at other |evels.
Since these levels of nasking were not high enough to
cause over nmasking, central factor was attributed as

cause for this effect.
The effect of nmasking on tone decay cannot be ignored.

I nteraction of Tone Decay w th Special Tests: -

Tone Decay and Bekesy: -

The nost obvious nani festation of tonedecay is in
Bekesy audi onetry, when the test tone is continuous. This
effect is seen in both fixed frequency and sweep frequency

tracings. Fixed frequency is nore sensitive. Reger and
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Kos (1952) noted that the indicated threshold gradually
shifted to a higher and higher intensity.

The magni tude of tonedecay is dependent on stimulus
paraneters. Attenuators with step sizes of 1 or 2 dB
bring about the on effect. Tonedecay is nmanifested in

Type 111 and Type |V Bekesy tracings.

The Oitical off tinme is very inportant. Harbert and
Young (1962) showed that for an interrupted tone, the Bekesy
tracings are sharply dependent on the off-tinme. Wth
decreased off-tine, the threshol d i ncreased and the tracings
were simlar to the tracings obtai ned for continuous tone.
Jerger and Jerger (1966) report critical off times ranging

from 200 msecs to 40 m secs.

Dallos and Tillman (1966) found that frequency nodu-
lation with a sl ownodulation rate (less than 10 per second)
and a frequency range of 40 Hz was needed to prevent tone-
decay in the continuous tracing at 500 Hz. Bekesy audi onetry

however, is not very sensitive to abnornal tonedecay.

Tonedecay and DL:

Plath (1973) believes that the D fference Linen for
intensity is an indicator for adaptation and fatigue in
the auditory function. He believes that with the SISl
test,, adaptaticnal changes of hearing are al so neasured.

This is evidenced by the fact that the 6-th to 20-th
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I ncrements are heard nore often than the first 5 increnents.
He justifies this assunption on the fact that adaptation of
the sensory cells of corti occurs inmlliseconds. Thus,
the descri bed adaptation tinme of 30 seconds of tone stinu-
lation, for intensity DL nmust be influenced by a nore centra

adaptati on process, with a longer tine constant.

Jerger (1955) reports high SISl scores in a patient
wi th retrocochl ear pathol ogy. Because of the decay of the
carrier tone, the 1-dB increnent pips, appear to energe
fromsilence. The 5 sec interval between the pips, allows

for sufficient recovery to take pl ace.

Even ears exhi biting noderate tonedecay, (20 dB)
either with cochlear or retrocochl ear pathol ogy, exhibit
t hi s phenonenon (Hughes 1968). This effect is possibly
be denonstrated in nornals if the contralateral ear is

masked.

Tone Decay and ABLB: -

Masked tonedecay inpairs |oudness growh w th increasing
intensity, |oudness growh, that is less than nornmal is
terned decrinent. (Fow er, 1965) or reverse recruitnment

(O x and Hal | pi ke, 1960).

Tone Decay and Acoustic Refl ex: -

Tonedecay is associated with el evated refl exes as

wel | as an abnornal reflex decay.
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Tone Decay and Word Di scrimnation: -

Since many fibres are needed for the effective
transm ssion of speech signals, nmarked tone decay often
af fects speech discrimnation. Thus, word discrimnation

is much worse than the pure tone thresholds indicate.

Patients fitted with hearing aid, may conpl ain that
the hearing aid loses its clarity after using it for sone
time. After resting for several hours the hearing may
again seem clear, (Coldberg, 1964). This also affects

| anguage devel opnent significantly, (Costello and Mc Gee, 1967).

Tone Decay and ERA: -

Retrocochl ear | esion causes |longer |atency and smaller
anplitude in the acoustically |ooked response, (Schim zu,
1968). This may be due to the fact that the passage of

nerve inpul ses was disturbed by pressure on or destruction

of the 8th nerve.

Tone Decay - Central or Peripheral:-

Through much i s known about tone decay, there are
many gaps in our knowl edge of the phenonenon that are yet
to be filled in. For instance, the question, whether the
tone decay is a central or peripheral phenonenon has often

pl agued audi ol ogi sts.

The wi de range of etiologies that cause tone decay
to be manifested, only adds to the conviction that tone

decay is a conplex process. Most studies inplicate the
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8th nerve as the |ocus of tonedecay, but other factors

point to higher centres in the auditory system

Peri pheral factors in Tone Decay: -

Sorensen observed a per stinulatory and post-sti-
mul at ory depression of the activity of the VIII nerve
after lowintensity stinulation. Harbert and Young
observed that abnormally rapid threshold tone decay was
related primarily to lesions affecting dendrites and
sl ower decay was related to wi despread, partial danage

t o axons.

They thus hypot hesize that threshold tone decay
results fromionic changes in interstitial fluids

af fecting conductivity of dendrites.

This hypothesis may be further explained in terns
of the critical off time. Jerger and Jerger found that
in patients with VIII nerve pathology, for an interrupted
tone, the threshold is sharply dependent on the off -
time. As the critical off time is decreased, the results
became indistinguishable fromthe indicated 'threshold
for a continuous tone. Jerger and Jerger relate this to
a specific and apparently critical rest period between
successive stinuli. This rest period between successive
stimuli may be called the refractory period; A polarized

neuron, excited fires a series of inpulses, once it has
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fired, a neuron is depolarized so that it returns to
its resting stage (The firing of the neuron changes the
chem cal environnment in and around the neuron maki ng

it no |longer polarized).

Once the neuron is depolarized, it reaches a state
of exhaustion called the refractory period. The refrac-

tory period may be differentia-ted into two stages.

1. Absolute Refractory Period: -

During this the nerve cannot be excited since there

is an exchange of ions in and out of the cell and

2. Relative Refractory Period: -

During which the cell nmenbrane goes back to its
resting state and the neuron is capable of being excited

but only with intense stinulation.

Lesions affecting the dendrite or the 8th nerve
woul d naturally affect the refractory period. Kuppermnman
(1971) hold that adaptation results fromthe hyper pola-

rization of the nerve fibre nenbrane.

Central Factors in Tone Decay: -

Yet experinental evidence points to other factors

whi ch wholly or partly influence tone decay.

Her nandez- Peon et al denonstrated nmarked adaptation

in the electrical potentials recorded fromthe nore centra
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pat hways i.e, the Dorsal cochl ear nucl eus.

Gl anbos(1951) and Pfal z(1964) showed that the efferent
cochl ear bundl e controls the input comng fromthe ear,

reducing it by varying anounts.

Lei brandt (1965) denonstrated that procai ne hydrochl ori de
when injected into the internal acoustic neatus bl ocked the

efferent bundle and this resulted in | ess adaptation.

Hahn and De M chel i s(1960) investigated the |ength of
tine a tone at or near threshold intensity coul d be heard.
They found that a sinultaneous intermttent |ight nmarkedly
reduced the period of audibility. They concluded that Tone
Decay is not exclusively a peripheral phenonenon. They
suggested that Rasnussen's efferent tract plays an inportant
role by inhibiting the VIII nerve, but do not state how

It is activated by |ight.

They thus opine that the efferent neural systems
I nfl uence on adaptation is unlikely. The effect of nasking
on tonedecay also inplicates a central factor. Wth such
scanty data, it is difficult to specul ate where tone decay
lies. Adding to the confusion is the wide variety of
| esions that can mani fest abnornal tonedecay, fromthe

VIIl nerve to the cerebellumto even the cortex.

Menche and Rupp (1969) found that there was a slight
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suggestion of tone decay in 4 out of 10 unilateral brain
danmaged persons at 2KHz. They attribute this to "poor

perception” in the ear's contralateral to |esion.

The Need for Research: -

Mar ked tonedecay is not always manifested in the
pat hol ogi es descri bed. Johnson (1965) is thus of the
opi nion that while positive tone decay indicates a strong
probability of retrocochl ear pathol ogy, absence doesn't al ways
rule out the possibilities of such a | esion. He found that
46% of 110 cases of surgically confirmed retrocochl ear
| esions had inconsistent results. He attributed this
i nconsistency to the differences in tunmour size, but it
i ndicates that our testsaare not sensitive enouth to indi-
cate the site of lesion. Brand and Rosenberg (1963)
believe that "bizarre findings" in cases of acoustic
neuronma i ndi cate "Weakness" in many of the tests and feel

that in the diagnosis, a teamapproach was useful.

It has been found that Tone Decay is sensitive to
procedural differences. Tests which enploy |ong periods
of sound stinulation |like Carhart's Tone Decay test are
reliable because they afford maxi num opportunity to

obtain positive results (Mencher and Rupp, 1969).

Qobvi ously, our tests need to be nodified, but this
cannot be done w thout nore know edge as to the nature of

Tone Decay.
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Avai | abl e evidence points to the fact that Tone Decay
I s governed by a conplex process or a series of processes
whi ch may be situated at various levels in the auditory

system

Inthe last fewyears, practically no work has been
done on this phenonenon and nuch investigation is needed
so that we may have a nore thorough know edge about the

| ocus and nechani smof Tone Decay.

*x * * % * * * % % *x * * * *x *



CHAPTER- II

METHCDOLOGY

Equi prent : -

A wel |l calibrated Madsen OB 70 audi oneter was used
foe the purpose of recording tone decay at threshold | evel.
The audi oneter was calibrated for Both intensity and
frequency as per |SO 1964 standards. The ear phones used

were TDH - 39 in MX-41AR ear cushi ons.

An Qrega stop watch was used to record the duration
for which a tone was heard, Before it decayed into in-

audibility.

METHOD:
Subjects;- Twenty two students of Speech Pathol ogy and
Audi ol ogy of whom 7 were nmales and 15 femnal es were subjects

for this study.

The subjects had to satisfy the following criteria:-

a) Pass a 20dB hearing screening test.

b) No history of any ear infections.

c) No famly history of hearing | oss, and

d) Fall within the age range of 16 to 25 years. The age
of the subjects tested ranged from 17 to 23 years with a

nean age of 19.95 years.

Pr ocedur e: -

Testing was done in a sound treated two room

situation with noise levels conformng to the | SO 1964
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standards. The subject was seated in an armchair so
that the control panel of the audi oneter was out of

his line of vision.

The subject was instructed as foll ows: -
"You wi |l hear a tone in either your right or left ear.
Rest your el bow on the arns of this chair, nmake a fist
and rai se your index finger when you hear. Even if
you hear it softly, raise your finger, and hold it up

as long as you heaar.

When you no |longer hear it, bring your finger down;
If you hear the tone in your left ear, lift your |eft
finger and if you hear it in your right ear, lift your
right finger." The instructions were acconpani ed by

appropri ate gest ures.

Threshol ds were establ i shed using the Hughson -
Vst | ake procedure. The threshold was defined as the
intensity level at which the subject responded to 3 of

the 6 tone presentations.

The tone was initially presented at 40dB HL and
the intensity of the test tone was reduced in 10 dB
steps foll owing each positive response, until he failed
to respond. The tone was then raised 5 dB. If the
subj ect heard this increnent, the tone was reduced 10 dB

and raised in 5 dB steps until it was heard agai n.
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At this stage, the vernier scale was used for greater
accuracy as follows. A 2 dB decrenent was used until the
subject failed torespond, when a 1 dB increnent was used
until he heard.

After the threshol ds were established, the subjects
was instructed for the test task.

"I wll present atone in your right or left ear
conti nuously. Wen you hear it, raise your finger and
hold it up as long as you hear. Rest your el bowon the
armof this chair; if you feel there is a decrease in
| oudness, |ower the |evel of your hand. Wen you fee
that you no longer hear it, drop your finger."

As before, the instructions were acconpani ed by
appropriate gestures and were repeated if necessary. The
subjects were also told to indicate to the tester if they

felt tired.

The tone was presented at threshold |evel. The
duration of response was neasured wth the stop watch and
recorded. |t the subject continued to respond beyond 10
m nutes, the presentation of the tone was termnated. Wen
a decrease in loudness was indicated the tine which el apsed

fromthe onset of the stinulus to that point was noted down.

This method differed fromthe standard net hod used to
neasure concom tant nonaural adaptation or tone decay,

as devel oped by Carhart(1957) in three respects.
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(1) The tone was presented at threshold |evel instead

of at a | evel below the threshol d.

(2) The duration for which the tone was heard at threshold,
Before it decayed conpletely was recorded, but the

intensity |level was not raised.

(3) The subject was asked to indicate if there was a

decrease in | oudness.

One ear was tested at a tinme. The ear tested first
was not constant across subjects. If the right ear was
tested first in one subject, then the left ear was

tested first in the next subject.

The frequencies tested were 500 Hz, 1000 Hz, 2000 Hz,
4000 Hz and 8000 Hz.

Testing was continued unless the subject indicated
that he was tired, or if the test extended beyond 40
mnutes. A 3 mnutes rest period was given Before testing
recomended. At the end of the experinent, subjects were
asked if they had noticed a change in tonality any tine.

Their responses to this question were noted.

The data collected so was statistically treated and

anal ysed using appropriate statistical nmeasures.

++ + 4+ ++ + ++ o+



CHAPTER- |V

RESULTS AND DI SOUSSI ONS

This study was undertaken to find out the duration
for which a tone was heard before it decayed into in-
audibility. The hypothesis, exam ned was "The duration
for which a tone is heard at threshol d i s i ndependent

of its frequency".

The study was perforned on 44 nornal ears of 22
young adults in an age range of 17 to 23 years w th nornal
hearing, at frequencies 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz
and 8000 Hz. The vernier dial was used to obtain greater

accuracy in obtaining the threshol ds.

The tone was presented at threshold | evel, continuously
and without any interruption and the duration for which it

was heard was recorded.

The results of the present investigation were statis-
tically treated. The statistical neans (M of the puretone
threshol ds and the durations of decay at individual test

frequenci es were conput ed.

To find the variability within the group the standard
deviation (S.D and the range of duration (R were conputed

separately at each test frequency.

The nean, SD. and range of the duration of decay at

each frequency was al so conputed separately, for each ear.
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Figure | shows the distribution of the durations of

decay of 44 ears at each frequency.

Figure Il conpares the number of ear which heard the

tone for durations upto 600 seconds at different frequencies.

Figure 11l compares the ear differences in the durations

of decay at 500 Hz.

Table A:
Depicts the range, mean and standard deviation of
threshold at each frequency for

Ri ght and Left ears.

R ght Ear Left Ear

Frequency| Mean Range S.D Mean Range S. D

500Hz 8 -4 - 200 7.4 10 -3 -20 57
| O00Hz 6 -3- 20 6.8 8 -5 - 20 7.3
2000HZ 7 -7- 18| 6.8 5 -2- 18| 6.2
4000Hz 8 -4 - 20| 7.5 8 -10 - 20| 6.8
80Q0HZ |7 -5- 20| 8.7 3 -15 - 20, 8

Tabl e A depicts the Mean (M, S D and range of
t hreshol ds of each ear. The nmean threshold did not vary
much across the frequenci es and between the ears. The

S.Ds also did not differ significantly.
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The range at 500 Hz was -4 to 20 dB; at 1000 Hz
it was -5 to 20 dB, at 2000 Hz -7 to 18 dB; at 4000 Hz
-10 to 20 dB, at 8000 Hz -15 to 20 dB.

The range across frequencies is fairly constant
except at 4000 Hz and 8000 Hz where it is -10 to 20 and

-15 to 20 respectively for both ears.

The nean threshol ds of R ght ear for the frequencies
500 Hz, 1000 Hz, 200 Hz, 4000 Hz and 800 Hz was 8, 6, 7,
8, 7 in dBs respectively and for left ear were 10, 8, 5,

8, 3 dBs respectively.

Thus, it may be said that the thresholds of the two
t
ears di Qfdiffer significantly, nor was the variance

between the two ears different significantly.

Tabl e B depicts the nean duration of decay in seconds
for each frequency, for the right, left and right + |eft ears.
The S.D for each frequency was conputed as well as the

r ange.

At 500 Hz, the duration of decay ranged from9 - 600
seconds. The nean for the (R+ L) condition was 171. 3 seconds,

and the S.D. was 168.

At 1000 Hz the duration ranged from4 - 578 seconds
the nean (M was 87.9 seconds and the S.D. was 130.2. At
2000 Hz, the range was 5 to 368, the nean 63.11 seconds
and the SD 74.7.
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At 4000 Hz the range was 8 - 380 and the nean 59
seconds and the S.D. - 69.

At 8000 Hz, the range was 4 to 373 and the nean 56.6
seconds and S.D. - 99.

It can be seen that at 500 Hz both the upper limt
of the range (600 seconds) and the lower limt (9 secs)
were greater than the limts at all other frequency, ie.
the least time for which the 500 Hz tone was heard was

greater than the |east durations at other frequencies.

There appears, also a tendency for the duration of

decay to decrease with increase in frequency.

To find out the frequency effect, the data was
treated wth the Wl coxon's Matched Pairs signed Rank
test. The frequency pairs so trested were 500 Hz to
1000 Hz; 1000 Hz to 2000 Hz; 2000 Hz to 4000 Hz;

4000 Hz to 8000 Hz; The WIcoxon's test was used because
of the large standard deviation. The results obtained

after analysis are tabulated in Table C
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Tabl e- C; -

Results after analysis of duration of decay of
di fferent frequency pairs using Wl coxons Matched

pairs signed rank test.

Frequency pairs (bt ai ned Qitical values of
T at .01 |level of
conpar ed Val ues of T confi dence
500Hz - | 000Hz 197 261 (N = 43)
| 000Hz - 2000HZ 338 261 (N = 43)
2000HZ - 4000HZ 442.5 276 (N = 44)
4000Hz - 8000HZ 428 247 (N = 42)

When 500 Hz was conpared with 1 000 Hz, the
500 Hz tone was heard for a longer duration. The T
val ue obtained after treating it with the Wl coxon's
Mat ched Pairs Signed Rank test was 197. (The T val ue
denotes the smaller sumof ranks associated with diff-

erences that are all of the same sign).

This value is less than the value 261 shown in the
table at the .0l level of significance. Thus, the diff-
erence between durations for decay at the frequencies

500 Hz - 1000 Hz is significant, with 500 Hz tone bei ng
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beard for a |onger tine.

Wien the 1000 Hz - 2000 Hz pair was treated statis-
tically, the obtained T value 338 was greater than the
critical value 261 at the .01 level of significance and
was not significant at any other level. Thus the differ-
ences between the durations of audibility at the frequencies

1000 Hz and 2000 Hz were not significant statistically.

Smlarly the differences between the durations of
decay in the 2000 Hz - 4000 Hz pair were not significant
at any level. The T value obtained was 442.5 and the
critical value 276 at .01 level of significants, and, the
T val ue obtained after treating the 4000 Hz - 8000 Hz pair
was 428. The critical value was 266 at .02level of signi-

fi cance.

Thus, it may be said there was a tendency of a
decrease in duration of decay with increasing frequency.
The differences are significant between 500 Hz and ot her
frequenci es; but above 1000 Hz, the differences are not

statistically significant.

These results are in agreenment with other studies.
Mor al es-Grcia and Hood (1972) found in the norna
heari ng group of 41 ears, no tone decay was neasurabl e
at the test frequency 500HZ (only 7 ears were tested at

this frequency).
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At the test frequency 1000 Hz,10 of 41 ears had a
slight threshold drift of 5dB? At 2000 Hz, 10 of 41 ears
had 5dB shift, and 2 had 10dB shift; at 4KHz, 10 of 40
ears had 5dB shift, 4 had 10 dB shift and 3 had 15 dB shift.

They also found that the nagnitude of tonedecay varies
with frequency and increased with frequency. Doehring and
Swi sher (1971) also found a relationship of tone decay to
frequency when they tested 114 subjects with no evi dence
of retrocochl ear pathology. They found that tone decay
was snaller for 500 Hz at hearing threshold |evels bel ow
6QdB and then increased to the |evel of other frequencies
above 70dB. There was no difference between 2000Hz and

4000 Hz at any threshol d | evel .

Figure Il conpares the nunber of ears which heard
the tone for durations upto 60, 120, 180, = == 600 secs

at different frequencies.

I nspection of this figure reveals that at 500 Hz, only
13 of 44 ears, was the decay present within a mnute,.
This may be conpared to other frequencies. At 1000 Hz
in 27 of 44 ears the tone decayed within 60 seconds, at
2000Hz it was 32 ears, so also at 4000 Hz and 34 ears at
8000 Hz.

At 500 Hz, 9 ears continued hearing between 61 to
120 seconds, at 1000 Hz, 2000 Hz, 4000 Hz and 8000 Hz

9, 4, 7, and 5 ears continued to hear between 61 seconds



4.8

to 120 seconds. The nunber of ears which were able to
sustai n the sensation of hearing beyond 120 seconds and
upt o 180 seconds showed a further decrease. 8 ears at
500 Hz, 5 at 1000 Hz, 5 at 2000 Hz, 2 at 4000 Hz and 3

at 8000 Hz continued to hear the tone. As seen, the
nunber of ears which continued to hear beyond 120 seconds

were greatest at 500 Hz.

The nunber of ears responding to the tone beyond
300 seconds continued to decrease. Only four subjects
continued to hear the 500 Hz tone upto 600 seconds at
whi ch point the tone was termnated. Besides at 500 Hz,
at no frequency did a subject continue to respond upto
600 seconds except at 1000 Hz where one subject responded

upt o 600 seconds and one subject for 578 seconds.

Even in this dispersion or variability in the
durations, a frequency effect is seen. This variability
Is also seen inthe S.D. S at various frequencies. The
S.D. at 500 Hz is 168 and is largest. The SD. tends to
decreases with increasing frequency (Table B) upto 4000 Hz.
At 8000 Hz, there is again aslight increase, but this is

again lower than the S Ds at 5000 Hz and 1000 Hz.

Thus, the null hypothesis -
"The duration for which a tona is heard at threshold is
I ndependent of its frequency."- may be rejected. This
Is in agreenent with other studies (Mrales-Grcia and
Hood, 1972, Doehring and Sw sher 1971) which obtai ned
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the decay in terns of dB not seconds.

Decrease i n | oudness:

The additional factors investigated was the factor of
| oudness decrease. nly 9 subjects reported a decrease in

| oudness of the test tone.

At 500 Hz in 12 of 18 ears there was a | oudness decrease
at 1000 Hz, in 9; at 2000 Hz in 12, at 4000 Hz in 9, and at
8000 Hz in 12. Not all subjects reported a |oudness decrease
inall frequencies. A fewreported a decrease in only one

frequency.

It can be thus said that decrease in |oudness is not
al ways seen. Mbst of the tines, the tone apparently becones
I naudi bl e wi thout a decrease in loudness (in this study as

observed by the investigator).

Tonal ity Change: -

Oly 4 subjects reported a change in tonality of
the test signals. They reported that the | ower frequencies

seenmed to nerge with body sound towards the end.

Ear D fference: -

It was noticed that the data seened to differ in the
two ears. This is evident in table B and Figure I11.
For eg. At 500 Hz, the Mean duration of decay in the R ght

ear is 101.6 seconds and in the left is 241,1 seconds.
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The range in the Rght ear is 11 - 253 seconds and
inthe left ear is 9 —600 seconds. This difference in
the ranges is reflected inthe S.Ds. The S D at 500 Hz
inthe right ear is 70.8 and in the left is 197. 4.

Anal ysis of variance was conputed to find out if this

di fference was significant.

It was found that the differences in Variance between
the two ears for a given frequency were significant, sta-

tistically. The results are tabulated in Table D

Tabl e- D
It gives the critical and obtained T values of the

ear differences.

Fr equency (bt ai ned val ue Oritical val ue

500Hz 7.79 2.38(at 0.01 |evel
of significance

| 000Hz 4. 77 2.88(at 0.01 |evel
of significance

2000Hz 3.25 2. 88

4000HZ 2. 28 2.09(0.05 Ievel of
si gni fi cance)

8000Hz 2. 62 2.09(0.05 | evel of
si gni fi cance)
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The Wl coxon's Matched pairs signed rank test was
again used to find out if the difference between the ears

for a given frequency was statistically significant.

At 500Hz the obtained T value was 60., at | 000Hz it
was 112, at 2000Hz, it was 100.5, at 4000Hz, 59, at 8000Hz
it was 111.5, all of which were greater than the critica

value of T = 48 for N-22 at the 0.01 |evel of significance.

Thus, the differences between the ears were not
statistically significant in terns of the duration for

decay.

The differences in variance between the ears are
significant. This is due to the greater dispersion in the

| eft ear.

The S.D. inthe left ear was greater than the S.D. in
the right ear for the duration for decay at a given frequency
at all frequencies except 2000 Hz. At 2000 Hz, the SDin
the right was greater (90) as conpared to the S.D of the
left ear (49.2).

Two reasons can be given for this difference :-
a) The sanple was not |arge enough,
b) A central factor is present. The dom nance of the right
hem sphere in processing non speech stimuli and may thus

cause the tone to be sustained for a |onger duration.
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Davis and Wil er (1978) found an ear difference
in auditory adaptati on when t hey used t he nonaur al
si mul t aneous het er ophoni ¢ bal ance nethod. A 500Hz
adapting tone was used. They found that the average
adaptation for right ear was 12.88 dB, S.D - 5.64 and
for left ear, the adaptation was 4.2 dB and S.D - 4. 52dB.

This difference was significant and the authors feel
that the two ears nust be treated i ndependently. Wile
it is dangerous to equate two different aspects of
adaptation, it is possible that the differences in S Ds

are due to a simlar nechani sm

Ruhm (1971) found that EEG responses recordi ngs from
honol ogous sites over the two cerebral hem spheres el uci -
dated differential handling of sensory information by the

two sides of the brain.

The stimuli were clicks presented nmonaurally. The
najority of the subjects exhibited |arger anplitudes from
the right hem spheres, regardl ess of whether the signa
was tothe right or left ear, whichwas interpretted as
|aterality in favour of the right hem sphere. The
I nconsi stenci es observed when the stimulation was to the
right ear was attributed to a possible interaction of
|aterality with a contralateral effect. The possibility

of a central factor cannot be ruled out as is seen from
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t he evidence of Hahn and De M chelis(1960). Furthers

research i s needed.

Thus, when a tone is presented to the ear at threshold
| evel s continuously and without interruptions, the duration
for which it is heard is frequency related. The 500 Hz tone
Is heard for a longer duration and this duration differs
fromthe durations for decay at other frequencies signi-

ficantly.

Above 1000 Hz the frequency effect is not statistically

significant.

The variability between the ears for the durations of
decay was not significant; however, the S.Ds differed signi-
ficantly suggesting that there nmay be ear differences

present. Further research is needed to clarrify this matter.

Mly six out of 22 subjects reported a decrease in the
percei ved | oudness and 4 reported tonality change, before

t he t one becane i naudi bl e.



CHAPTER-V

SUWARY & CONCLUSI ONS

It is well known that a tone presented at threshold
continuously and without any interruptions cannot be
sustained indefinetly. After a while, the tone decays into
Inaudi bility. This phenonenon whi ch appears as a tendency
of the threshold to rise is Al brechts effect. Though tone
decay is neasured with a nunber of tests, there is no
I nformati on avail abl e here about the length of tine for

which a tone is heard at threshol d.

This pilot study, attenpted to,
(a) Find the durations of audibility and (b) Find out if
there was any frequency effect. So that nornative data

coul d be found.

The net hod used was a nodified formof the Carhart's
threshold tone decay test. Twenty two young adults with
normal hearing were tested. The age range was 17-23 years
with a nean of 19-95 years. Both the ears were tested,
one at a tinme, continuously, unless the subject indicated
that he was tired or the testing continued beyond 40 m nutes.

A rest of 3 mnutes was given before testing was recomrenced.

The frequencies tested were 500Hz, | 000Hz, 2000Hz,
4000Hz and 8000Hz.

The hypot hesi s exam ned was "The duration for which a

tone is heard at threshold level is indipendent of its frequency".
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The nean, range and S.Ds were found at each ear for
the thresholds as well as durations of audibility at each

f requency.

The thresholds did not vary nuch across frequency, but
the durations of decay decreased w th increasing frequency.
The WI coxon's Matched pairs signed Rank test was used to
find out the significance of difference between the
durations of decay. It was found that 500Hz tone was heard
| ongest and when conpared with |1 000Hz the difference was
significant at 0.01 |evel of significance. Above | OQ0CH
there was no significant frequency effect. Thus the
hypot hesis was rejected. This finding is in agreenent with
previ ous studies conducted on simlar lines, but with the
anmount of decay expressed interns of dB. Qher findings
include a slight ear difference in the durations of decay

that was not significant at 0.01 |evel of confidence.

The S.D. of the durations of decay for the two ears

differed significantly fromone another for a given frequency.

16 this was not due to the snall sanple size it was

hypot hesi sed that a central factor plays a role.

QG her findings were that 9 subjects reported a decrease
in loudness at one or other frequency and 4 reported a
tonality change just before a tone because inaudible. This

was observed in | ow frequency tones and subjects reported
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that the tone seened to nerge with body sounds.

Further research is needed before any definite

concl usi on can be drawn.

Suggestions for further research.

(a) Replication on |arger sanples.
(b) Using a larger nunber of frequencies
(c) Using different stinuli.

(d) Treating ears independently to see the effect.
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