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Chapter - |

| NTRCDUCTI ON

In reviewing the evaluation of tests of hearing capacity,
we find that in the early days of hearing testing the major
aimwas nerely to discover if the individual had a hearing
| oss. Tests |ike Whisper, the clicking of coins, the
ticking of a watch or the observation of reactions to the
envi ronmental sounds were inuse. In a limted way these
tests served their purpose but they did not offer the
di agnostician the infornmation that was specific enough to

pl an any type of therapy program

Wth the introduction of tuning forks into the clinical
testing many otol ogi sts included Weber, R nne, & Schwabach
tests into the routine testing which offered a rough
approxi mati on of the nature of the hearing | oss. Concurrent
with the devel opment of these tests cane the devel opnent
of other testing devices |like Politzer Acouneter, Galton
Wi st e, Monochord, Tonometer, Kornings tuned cylinders,

Bi zol d forks. But none of these provided satisfactory
control of the intensity of the stimulus tone, and the

testing was always done in sound field.

In 1876 Bell's invention of tel ephone nmade it possible
to deliver the output directly into the ear, so with the
i ntroduction of the earphone and a nmeans of controlling
the intensity of the stimulus, the devel opnent of the

pur et one audi onet er becone feasi bl e.
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One of the first attenpts to devel op a pure tone
audi onet er was nmade by Hartmann in 1878. In 1879 Hughes
introduced a unit that was gi ven the name ' Audi oneter'.
The first binaural receiver appeared with an audi oneter
devel oped by Jacobson in 1885. In 1859 Seashore devel oped

an audi oneter which allowed for variation in intensity.

Accordi ng to Knudsen (1931) the first pure-tone
audi onet er was devel oped by Dean and Bunch in co-operation

wth Seashore in 1919.

In 1921 Quttran introduced an audi oneter w th vacuum
tubes. 1In 1924, Knudsen and Jonas presented an audi onet er

whi ch had provisions for AC and BC t esti ngs.

Audi oret xi ¢ testing techni ques have taken nmany years
to devel op through trial and error and through experinenta-
tion. The principal objective of pure tone audionetry is

to determne the sensitivity of the human auditory system

Any sound no matter how conpl ex, can be shown to be
a conbination of various tones. This is true even for
speech. A frequency anal ysis of speech reveals that the
greatest concentration of acoustic energy are between
300 Hz and 3000 Hz al t hough sone frequenci es above and
bel owthis range carry some information. Thus if an
audi ol ogi st neasures a patients ability to hear pure tones

in the frequency range of 125 Hz through 8000 Hz, he has
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definite bases for predicting whether the patients hearing

| oss for speech is normal or inpaired. The test signa

is usually a pure tone. But pure tone stimuli have been

refered to as 'neaningless and/or abstract' and therefore

ofr questionable validity in testing. Low frequency tones

(250 Hz and bel ow) are to be easily masked by envi r onnent al

noi ses and body noi ses. The higher frequencies are(2kHz & above)

occasionally confused with tinnitus (Lloyd L.L and Young, 1969).

Pure tone audionetry is a discrete or fixed frequency
audi onetry where tone will be given in octave or sem
octave steps. (ne assunption behind the use of octave or
sem octave steps in discrete frequency audionetry is such
that each frequency serves only to sanple acuity at all
internmedi ate frequencies. But the sanpling may not be
t hor ough especially w th octave steps when consi derabl e
details can be lost if acuity at intermedi ate frequencies

exhi bit sharp disparity.

It is possible to obtain better sanpling of acuity in
a frequency region if instead of presenting a single tone
selected fromthe mddle of that region, one presents a
hand of noise taken directly fromthat region. Narrow
band noi se have been used to determ ne threshold sensitivity
in several recent studies. A NBN can he defined in terns
of 3 characteristics. i. centre frequency, ii. band w dth

and iii. filter slope (sone tinmes refered to as rejection
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rate). GCentre frequency is commonly the octave test
frequency. The band width of a NBN is defined as the
points intersected by plotting a horizontal |ine 3dB bel ow
the peak frequency in the noise band. Filter slope is
expressed i n dBs/octave above and bel owthe centre frequency.
The task of attending to NBN stinmuli are considered to be
easier thanto pure tone, stimili (Sanders WJ., and

Josef F 1970). Measured threshol ds have been found to
correlate highly and reliably with pure tone threshol ds
(Mat ki n and Mur phy, 1970, Sanders and Josef 1970, Harford
and Dodds 1971) and with SRT (Zarooff 1958).

A warbl e tone has been preferred as an alternative
test stimulus to pure tone by several authors. Sivan and
Wi t e suggested a psychol ogi cal advantage to warbl e tones
in that they reduced fatigue and uncertainity of the listener.
Hardy (1958) indicated that a warble tone was a good attention
centering device when used for testing children. Again
Langenbeck (1965) indicated that a 'fluid character' was
added by warbl e tones which excites the child s attention
and keeps it awake. Finally Bender (1967) indicated that
children often tend to respond nore readily to a warbl e tone.
The warble tone in contrast to a NBN exam nes a range as
wi de as its frequency deviation. Thus awarble tone with
a center of 2kHz and a frequency deviation of * 5%woul d

sanpl e only the frequency range from 1900 to 2100 Hz.
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It would therefore present less risk of invalidity in esti-
mating the pure tone threshold. NBN on the other hand may
elicit a response well outside the band width of the signal

resulting in an inaccurate estimate of pure tone sensitivity.

Statenent of the problem -

"A conparative study of thresholds for pure tones,
NBN and Warble Tones in normals".
The followi ng hypothesis is proposed to verify in this study:
1. There is no significant difference between
thresholds for pure tones and Narrow band noi se.
2. There is no significant difference between

threshol ds for pure tones and warbl e tones.

Pur pose of the study: -

The purpose of this study was to find out whether any
significant difference existed between threshol ds obtai ned
wi th pure tone, narrow band noi se and warbl e tone stinuli

in normal s.

The instrunent used in the present study is a Mico
di agnosti c audi oneter nmodel MA22. The stimuli included for
getting thresholds are pure tones and warble tones with
frequencies from 250 Hz to 8kHz totally 10 frequenci es and

NBN centered around these frequencies.

In the present study 40 normal subjects in whom no

inpairnment is found by otoscopic exam nation were tested.



Constructs used in the study: -

Normal ear: -

The ear with no apparent abnornalities reveal ed
either by history or by ENT examnation and with the
hearing sensitivity bel ow 20 dB (ANSI 1969).

Pure tone: -
Pure toneis a sound produced by an instantaneous
sound pressure which is a sinple sinusoidal function

of time.

War bl e Tone: -

Warble tone is a pure tone stimuli whichis fre-

guency nodul at ed.

Narrow Band Noi se: -

It is white noise inrestricted frequency bands

produced by selective filtering.

Thr eshol d: -
It 1s the |east audible SPL often defined as the Leve

of a sound at which it can be heard by an individual 50 %

of the tine.

Sound Pressure Level (SPL): -

Sound pressure level is an expression of pressure of

the sound with reference to 0.0002 dyne/cnf.

Limtations of the study: -

1. The sanple selected for this study excluded children



and clinical popul ation.

The audi oneter consisted of hearing | evel ranging from
-10 to 110 dB HL for both pure tone and warbl e tone
but for NBNit was fromO - |05dB HL.

Age range of the subjects were limted.
Done with limted nunber of subjects.

Dfferent warbling tone levels could not be considered
for testing as the audi oneter provided only for 5%

war bl i ng.

i cations of the study: -

The warbl e tone can be substituted in the place of
pure tone for testing as there is no significant

di fference between the threshol ds for these two.

It has been stated el sewhere (Newby, 1972) that
patients with tinnitus can easily perceive the warble
tones than the pure tones. Hence while testing we

can inply that we can use warble tone as an alternative
for pure tone as there are no significant differences

in thresholds for these stimuli.

Whi | e using narrow band noi se in place of pure tone
a clinician should apply appropriate corrections to
bring in thresholds of narrow band noise to the |evel

of pure tone thresholds. Because, the narrow band



noi se threshol ds are always better than those of

t he pure tones.

* Oo* O*O0*0* O*O0*0O0*O0* O* O* O*



Chapter - 11

REVI EW OF LI TERATURE

The principal objective of pure tone audionetry is
to determne the sensitivity of the human auditory system
Froma nore technical point nethods used for the assessnent
of thresholds may differ fromone instrunent to another

dependi ng upon individual constructional details.

The earliest detail ed description of pure tone
audi onetric technique was provided in 1943 by Bunch.
Hughson & West | ake (1944) recommended a standardi zed sett
of procedures by presenting initially, a reasonably I oud
signal. In 1945, the Anerican acadeny of opthal nol ogy and
O ol aryngol ogy published a second syllabus on audionetric
procedures. This publication edited by Newhart and Reger
(1945) provided a bracketing nmethod to find the pure tone
thresholds. A threshold finding nethod that enploys an
initial ascending approach was descri bed by Watson and

Tol an in 1949.

A conprehensive description of psycho physical
procedures in audionetry and the effects of these procedures
have upon audionetric thresholds was provided by Hrsh in
1952. He suggested that testing starts with a 1000 Hz tone
and that tones of |ower or higher frequencies be tested

after the thresholds is obtained for 1000 Hz.

The test signal is usually a pure tone. But pure tone
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stimuli have been referred to as neaningless and / or
abstract and therefore of queationable validity in
tasting. Low frequency tones (250 Hz and bel ow) are
told to be easily masked by environmental noises and
body noi ses. The higher frequencies (2kHz and above)
are occasionally confused with tinnitus (LIoyd L. L.

and Young E. C. 1969) .

Pure tone audionetry is a discrete or fixed frequency
audi onetry where tone will be given in octave or sem
octaves steps: But if the sanpling is not thorough we
nay | oose considerable details of acuity at internediate
frequencies exhibit sharp disparity. It is possible to
obtain better sanpling acuity in a frequency region if
I nstead of presenting a single tone selected fromthe
mddl e of that region, one presents a band of noise
taken directly fromthat region. Acuity for the band of
noi se coul d be assuned to represent a sort of average of
the acuities for all seperate frequencies contained with
inthe band as it mght better sunmate the acuities in
that frequency region. Thus a noise band around the dip
mght provide a better neasure of the patient's ability
to handle auditory cues in that frequency region,

(Cecil K Mers, 1957).

The use of pure tone audionetry can be avoi ded

al toget her because of 1. the intensity erratic nature
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of the standing waves in the earphone, ear drumcoupling
and the dependency of the standing wave pattern upon
frequency, 2. the sharp irregularities at the higher
frequenci es of the ear-phone's frequency response

curve and 3. the dependence on frequency of the inpedance
for which the ear-phone is used. So narrow band of noise
and tones nodul ated perhaps 2. 5%in frequency have been
suggested as substitutes for pure tones by J.Donald
Harris 1963, anong others. For a variety of applications
as frequency nodul ated or warble tones and noi se bands

do not produce standing waves they can be introduced into
a sound field for threshold testing with difficult to
test patients (Sanders and Josef 1970), or for eval uation
of hearing aid gain and frequency response (Gengel et al
1971, Garstecki and Bode 1976) .

A few investigators have conpared narrow band noi se
and pure tone thresholds with either hard of hearing adults
or hard of hearing children, as subjects. The earliest of
t hese studies was that of Myers (1957) who concl uded t hat
the 2 signals were inter-changable at | ow frequenci es but
tended to differ at higher frequencies. Later S non and
Northern (1966) found that adults wi th normal hearing
showed no significant differences between narrow band
noi se and pure tone threshol ds while sensori neural hearing
i npaired adults had nore sensitive threshol ds when tested

wi th narrow band noi se. Corstecki CD. and Daniel's study



-9-

(1976) explored the relationship between NBN threshol ds
obt ai ned under conditions with normal listeners and with
subj ects denonstrating sensori neural inpairment. They
found that pure tone thresholds were 2-3dB better than
threshol ds for noise bands having about + 20 dB/octave
roll-off during nonaural ear phone testing. Sinon and
Northern (1966) and Stephens and Rintlemann (1973) have

i ndicated that audionetric configurations may influence
puce tone and NBN agreenent. |In both investigations with
adults NBN t hreshol ds were shown to be significantly nore
sensitive than pure tone thresholds in persons with sloping

audi ometric configurations.

For children Orchi k and Mosher (1978) conpared pure
tone threshol ds obtained with narrow band of noi se having
equi val ent band wi dths but varying in filter slope. They
reported that narrow band noi se thresholds at 1000 Hz and
2000 Hz over-estimated pure tone threshold sensitivity by
as much as 19 and 31 dB respectively. They also found that
the sharper the filter slope the closer the agreenent
was to pure tone thresholds. In studies of hard of hearing
children both Sanders and Josef (1970) and Gengel et a
(1971) found that thresholds for these 2 types of stinuli
were in acceptable clinical agreenent for children with
relatively flat audiograns. Josef and Sanders (1970) used
narrow band noise stinuli to nmeasure auditory sensitivity

in normal hearing adults. Pre school hearing inpaired
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children and pre-school MR children. The results with
MR group suggest the fact that the task of attending to
narrow band noi se stimuli is easier than pure tone testing
task and is therefore applicable to a | arge popul ation

than is pure tone audi onetry.

The use of conventional pure tone audi onmetric procedures
with the young child has been imted, atleast in part, by
the characteristics of the stimulus, whether the probl em
is the abstract and uninteresting in nature of the pure
tone (WIllford 1961, MIler & Polison 1964) of that,the
task of attending to other stimuli such as noi se and warbl e
tone mght be easier than the pure tone listening task
(Sanders & Josef 1970) or that the pure tone rarely has
nmeani ng for the child (Meyerson 1956) there is general
agreenent that the pure tone stimilus is a limting factor
in isolating children with hearing problens (Downs 1956,
Thonpson & Thonpson 1972). The warble tone in contrast to
a narrow band noi se exanmines a range as wide as its frequency
deviation. Thus a warble tone with a center of 2kHz and a
frequency deviation of + 5%would sanple, only the frequency
range from 1900 to 2100 Hz. It would therefore present |ess
risk of invalidity estimating the pure tone threshold.

NBN on the other hand, may elicit a response well outside
t he bandwi dth of the signal resulting in an accurate

estimate of pure tone sensitivity.
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A warbl e tone has been preferred as an alternative test
stimulus to pure tone by several authors. Sivian and Wite
(1933) suggested a psychol ogi cal advantage to warbl e tones
Is that they reduced fatigue and uncertainity of the |istener.
Handy (1958) indicated that a warble tone was a good attention
centering device when used for testing children. Again Langen-
beck (1965) indicated a 'fluid character' was added by
war bl e tones 'which excites the child s attention and keeps
It awake'. Bender (1967) indicated that children often
tend to respond nore readily to a warble tone. In the
literature warble tone stimuli has been frequently indicated
as substitute for the pure tone stinuli. The warble tone
has specifically been suggested for use with children (Reilly
1958, Langenbeck 1965, Bender 1967) for patients with
tinnitus (Davis 1951, Langenbeck 1965, Al piner 1968) and
for testing in sound field conditions, (Svian and Wite
1963, Reilly 1958). Sone threshold conparisons have been
made between warbl e tone and steady state pure tone in
adults (Dallos and Tillman 1966, Young and Herbert 1970,

Staab 1971, Dockum and Robi nson 1975) and indicate only

smal | di fference.

Staab and R ntel mann (1972a) reported the results of
a survey regarding stinmulus paraneters for warble tones
avai |l abl e on commerci al audi oneters. Response to a
guestionnaire conpleted by 24 audi oneter nmanufacturers in

9 countries revealed that only 25%provided the warbl e
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tone stinmulus. The frequency devi ations provided vari ed
from+ . 2%above the base frequency to + 10 %around the
base frequency nodul ation rates provided ranged from2 to
10/ sec. Hence considerable variability was found regarding

stimulus paranmeters comercially avail abl e.

Recently investigators(Staab & R ntel mann 1972b,
R ntel mann et al 1972) have explored the influence of
varyi ng warbl e tone stinul us paraneters(frequency
deviation & nodul ation ratio) on threshold and have found
a close rel ationship between warbl e tone and pure tone
thresholds for nornal hearing subjects. Sightly nore
sensitive threshol ds were obtai ned, however, w th warble
tone stimuli. Simlar results were found for nornal
heari ng adul ts by Dockum & Robi nson (1975) and for nornal
hearing four-year-old children by Robi nson & Vaughn (1976).
QO chile and R ntel mann (1978) conpared pure tone, warble
tone & narrow band noi se threshol ds of young nor nal
hearing children ranging in age from3%to 6 Yyears.
Stephens & Rintel mann (1977) denonstrated that the
audi onetric configuration does not significantly affect
the relationship between pure tones and warbl e tones but
does affect the rel ationship between pure tones and narrow

band noise. D fferences were apparent at high frequencies.
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A systematic conparison of pure tone, warble tone and

narrow band noi se threshol ds has not been reported in India.

The purpose of the study is to explore the relationship
bet ween thresholds for pure tones warble tones and narrow

band noise for adults.

0 O OO0 C 9 OO
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METHCDOLOGY

The met hodol ogy of the present study conprises of the
follow ng steps: -
1. To establish thresholds for pure tone for frequencies
rangi ng from?250Hz, 500Hz, 750Hz, | O00Hz, 1500Hz, 2000Hz,
3000Hz, 4000Hz, 6000Hz and 8000Hz.

2. To establish thresholds for narrow band noi se for
frequenci es rangi ng from250Hz, 500Hz, 750Hz, | O00OHz, 1500Hz,
2000Hz, 3000HZ, 4000Hz, 6000Hz and 8000Hz.

3. To establish thresholds for warble tone for frequencies
rani ng from250Hz, 500HZ, 750Hz, | 000Hz, 1500Hz, 2000Hz,
3000Hz, 4000HZ, 6000Hz and 8000HZ.

Subj ect s: -

40 subjects with an age range of 18 years were sel ected
20 of themwere males and 20 were fenal es. Subjects had
no history of ear aches or any other conplaint. Al had
normal ear structures otologically and nornal hearing
audiologically (with reference to ANSI 1969. Threshol ds
wi thin 20dB).

Equi pnent and Test Environnent: -
An advanced di agnosti c audi onmeter (MA 22) with TDH 39

ear phones placed in MX-41 AR cushi ons, was used for testing.
This audioneter allows for the testing of 11 frequencies

from 125Hz through 8000Hz, al so has a hearing |evel ranging
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from-10 to 110 dBHL for pure tone and warble tone, -5 to

105 dBHL for narrow band noi se.

Narrow Band Noi se Specification : Filtered Wite noi se(equa
energy per cycle noise), Maxinumlevel 105 dB EM frequency

setting dependent.

Warbl e tone Specification : Pure tone stimulus is warbl ed

by + 5%of test frequency at a 5Hz rate.

Testing was conducted in a sound treated two roomned

si tuati on.

Cal i brati ons-

Cal i bration of the audi oneter was mai ntai ned using
Bruel & Kjaer calibration unit which consists of artificial
ear B & Ktype 4152, SPL neter B & K type 2203, and

octave filter set B & Ktype 1613 in a sound treated room

Peri odi ¢ checking was enpl oyed to keep the unit in

calibration throughout the period of the study.

Stimulus: -

Stimuli consisted of pure tone, warble tone and
narrow band noi se with a center frequency of 250Hz,
500Hz, 750Hz, | 000Hz, 1500HZ, 2000HZ, 3000HZ, 4000HZ,
6000HZ and 8000HZ.

Test Procedure: -

Subj ects were first screened at 20dB with pure tone
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for their inclusion in the study.

The testing was done in three sessions with atl east
24 hours of interval between the sessions. In the first
session pure tone threshol ds were established, in the
second session narrow band noi se threshol ds were
established and in the third session warble tone threshol ds

wer e est abl i shed.

Measur enent of Pure tone Threshol ds: -

During the first session thresholds for pure tone were
established for the subjects. Hughson-Wstlake (1944)
procedure was used to establish threshol ds as descri bed

by Carhart and Jerger (1959).

First a tone at 40dB was presented to the right ear.
As the subject responded presentation | evel was decreased
in|10dB steps until the stimulus became inaudi ble. Once
the level of inaudibility reached, the level of the tone
was increased in 5 dB steps, until a level where the
subj ect percieved the stimulus 50%o0f the tinme. This

| evel was considered as her/his threshold | evel .

Fol l owi ng instructions were given to the subjects:

“"Now you are going to hear a series of tones one at a
time for a short duration, first inright ear then in the
| eft ear. When you hear the tone press this button and

keep it pressed as long as you hear it. signal in this
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way even for the softest tone. Wen you no |onger hear
the tone release the button. Renenber to press the button

whenever you hear the tone. Are you clear?

During the second session thresholds for narrow band
noi se were established usi ng Hughson-\Wst | ake procedure
whi ch was nentioned earlier. Follow ng instructions were
given to the subject:

“"Now you are going to hear different kinds of noises
one at atime for a short duration first in the right ear
then the left ear. Wen you hear the noise press this

button and keep it pressed as long as you hear it".

During the third session thresholds for warble tone
wer e established using the sane procedure as nentioned
earlier. Followi ng instructions were given to the
subj ect :

“Now you are going to hear warble or fluctuating tones
one at atine for a short duration, first inright ear
then in left ear. Wen you hear this warble tone press

this button and keep it pressed as long as you hear it".

After instructing the subject, the stimilus - tone/
Nar r ow band noi se/ warbl e tone was presented at supra-

threshold I evel (40 dB) for the purpose of famliarization.

Threshol ds were established for the three stinulus for

all the 10 test frequencies (250Hz to 8000Hz) and were



-18-

noted down in the tabul ar col umm shown bel ow

Name: Age:
PURE TONE
Ear |250HZ 500Hz [750HZ 1KHz [1.5KHz |2kHz |3KHz |4KHz |6KHz | 8KHz
R
L
NARROW BAND NO SE

R
L

WARBLE TONE
R
L

Test Retest Reliability:-

6 subjects out of the 40 subjects were selected randony
for test re-test reliability. After a nonth again threshol ds
were recorded for all the stimuli for all the 10 frequencies

tested earlier.

Data was treated statistically for variance and

significance.

* % % * * * *x %
0O 0 0O 0O 0 0 O0o00oO0
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RESULTS AND DI SQUSSI ON

The present study was undertaken to find the differences
in thresholds of hearing for puretones, Narrow hand noi se
and war bl e tones. Threshol ds were established using these
three stimuli for ten test frequencies 250 Hz, 500 Hz,

750 Hz, 1000 Hz, 1500 Hz, 2000 Hz, 3000 Hz, 4000 Hz, 6000 Hz
and 8000 Hz.

The sanple selected in the present study consisted
totally of 40 normal hearing adults of whom 20 were nal es
and 20 were fenmal es. The age range of the subjects varied

from18 to 30 years wi th nean age of 24 years.

The results of the present investigation were treated
statistically using paranetric statistics. The statistical
neans (M of pure tone. Narrow band noi se and warbl e tone
t hreshol ds at individual test frequencies were conputed
and are givenintables |, Il, and Ill. The frequency
distribution of these neans at different frequencies are

giveninFgurel (a, b) and Figure Il (c, d).

Figurel (a, b) and Figure Il (c, d) clearly indi-
cates, a) Adifference of 5 61 dB between the average
pure toneand narrow band noi se thresholds for R ght ear.
b) A difference of 5.80 dB between average pure tone and
narrow band noi se thresholds for left ear.

c) Adifference of 0.84 dB between the average pure tone

and war bl e tone thresholds for R ght ear.
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TABLE |

The Mean and Standard Devi ati ons of Pure tone

Threshol ds at various test frequencies.

Fr equency R ght Ear Left Ear
250HZ M 5. 88 5.13
SD 5.34 5.30
500HZ M 5. 38 5.13
SD 6. 16 5. 31
750HZ M 5. 00 4.50
SD 5. 24 5. 68
| 000Hz M 4.00 3.50
SD 4.90 5. 30
1500HZ M 4.38 5. 00
SD 5. 03 5.16
2000HZ M 3.25 3. 50
SD 4,68 5 12
M 2.25 2.38
3000HZ <D 5. 59 4. 66
M 4.75 4.00
4000HZ SD 6. 89 4. 62
M 12. 75 12. 62
6000HZ SD 6. 86 6. 60
M 3. 50 4.63
8000HZ sD 9. 04 8. 41

5.11. S.D =5.97
5. 03. SD-=5061

Rt . ear Mean Average

Lt. ear Mean Average
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TABLE 11

The Mean and Standard Devi ati ons of narrow band noi se

Threshol ds at various test frequencies.

Fr equency R ght Ear Left Ear
250Hz s 5% 529
500k s 466 o
75012 o 500 517

000+ - 473 418
1500H2 & 2% | 293
20002 - 223 200
300042 & Bt 390
4000+ s EE R
6000HZ s 6 24 512
8000r2 s 426 e
Ri ght ear Mean average = -0.50 S.D = 3.93
Left ear Mean average = -0.85 S.D = 3.80
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TABLE 111

The Mean and Standard Deviation for warbl e tone

Threshol ds at various test frequencies.

Fr equency R ght Ear Left Ear

X 3.50 4.00

250HZ SD 5. 29 5. 13
X 4. 63 4.25

500HZ b 6. 03 5.19
X 3.50 2. 88

750 SD 4.46 4.73
X 1.75 2. 63

| 000H D 4. 39 4,99
X 3.25 3.25

1500H D 4.71 4. 61
X 1.75 2.50

2000Hz SD 4. 26 5. 12
x 1.63 1.37

3000HZ D 4. 66 433
X 3.38 2.25

4000H D 6. 06 4 24
X 11. 25 10. 63

6000k SD 6. 76 6. 35
X 5. 63 6. 25

8000HZ sD 7.61 7.94

Rt. ear Mean Average = 4.27 S D= 4.95
Lt. ear Mean Average = 4.47 S D =5.26
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d) A difference of 0.56 dB between the average pure tone

and war bl e tone thresholds for left ear.

Tables | and Il reveal that nean Narrow band noi se
threshol ds are consistently better than pure tone threshol ds
at all frequencies. According to Table | and Il mnean
war bl e tone threshol ds are better than puretone threshol ds

except at 8000 Hz which is reversed.

To find the individual variability within the group,
the standard deviation (SD was conpared at each test
frequency for each stimilus and val ues are given in Tabl es
I, Il and Il11. The tables reveal that the variability is
nore for pure tone threshol ds than for warbl e tone
threshol ds. However, the variability for warbl e tone

threshol ds are nore than threshol ds for narrow band noi se.

2 trends were noticed in relation to standard devi ati on

given in tables I, Il and Il

1. Standard deviation for narrow band noi se and war bl e
tone stinmuli were consistently snaller than those for

t he puretone stimul us.

2. The magnitude of the standard devi ati on difference
for all the three stimuli were quite small at any given

test frequency.

In addition it is shown that the standard devi ati on
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val ue for both pure-tone and warbl e tone is greatest
at 8000 Hz.

The difference nethod of "t" test was applied to assess
the difference between threshol ds of puretone, narrow band

noi se and war bl e tone.

The nean difference between puretone threshol ds and
Nar r ow band noi se thresholds and their 't' values for
each frequency are shown in the table IV and for that of
pure tone thresholds and warbl e tone thresholds are
given inthe table V. Table IV reveals that the nean
di fference between threshol ds of puretone and narrow band
noi se are significant at .05 and .0l level of confidence,
while table V shows statistical significance at 4000 Hz
and 6000 Hz between threshol ds of puretone and warbl e

t one.

Present study reveal s that Narrow band noi se
thresholds are consistently better and are sensitive
than puretone. This can be expl ai ned on the basis of
"Qoup stimilation" (Langenbeck, 1965). FRhythm ca
stimulation of one hair cell alone is not sufficient
to be perceived at the hearing center. The flow of
stimulation produced is too weak and becomes absor bed
in the course of its auditory pathway; A group of

nei ghbouring hair cells nust therefore be stinmnulated
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TABLE |V

Mean difference of pure tone thresholds Vs Narrow

band noi se thresholds and 't' val ue.

Fr equency Ri ght Ear Left Ear
% 8.5 8. 50
250kz i 8. 84 8. 83
X 4.75 3.63
S00HZ t 6. 00 7.30
% 2.75 2.63
750HZ 3 S
b 4.37
| 000k t 4.36 4.00
4.00
7 8.38
1500H2 i 12. 15 7.38
8. 25
% 6.87 7.15
2000kz t 7.15 11. 96
% 7.13 5.75
3000HZ t 11. 56 7.20
% 5.75 6. 25
4000Hz 10. 17 13. 45
b 7.63 8.50
6000HZ 6. 92 9.19
z 6. 63 5.87
8000z ; 7.75 8. 00
X = Mean difference 0.05 = 2.02

0.01 - 2.71.
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TABLE V
The Mean difference of Pure tone thresholds Vs

War bl e tone thresholds and 't' val ue.

Fr equency R ght Ear Left Ear
% 0.13 0.63
220k n 0.01 0. 69
% 0.50 0. 50
S00H 1.50 1. 50
% 0.50 0.75
750k i 0.75 1. 00
% 0.75 0.63
| 000k t 0. 68 0. 69
% 1.13 1.63
1600H t 1.16 1. 66
% 1.63 1.13
2000HZ : 111 1.00
% 2.25 1. 00
3000kz . 1.25 0. 40
% 1.62 1.75
4000H : 2.72 3.00
X 1.88 2.13
0000Hz ; 1. 89 2.56
% 2.50 2.50
80002 n 4. 34 3.85

X = Mean difference. 0.05 = 2.02
0.0 = 2.71.




to produce flowof inpulses sufficient to survive
attenuation on the way to the center. This group
stimulation will be achi eved sooner by the noise

than by Pure tone. Because stinulation with noise

t akes on wi der basis. So because of summation, threshol ds
for noise is better than for pure tones. Jerger's (1974)
critical band also explains that as the pure tones are
confined to single band and asit gai ns | oudness from

several critical bands, it takes less intensity than

the pure tone to elicit refl ex.

Mers (1957) was one of the first persons to have
conpar ed Narrow band noi se and Puretone threshol ds and
concluded that two signals were inter-changeable at | ow
frequencies but tended to differ at higher frequencies.
Si mon and Northern (1966) found adults w th nornal
heari ng showed no significant differences between Narrow
band noi se and Puretone thresholds. |In the study done
by Stephens and R ntel mann (1973) they have indicated
that audi onetric configuration nmay influence puretone
and Narrow hand noi se agreenent, and Narrow band noi se
threshol ds were noresensitive than pure tone threshol ds
I n persons with sloping audi onetric configuration. As
the '"t' values obtained for the difference nean between
puretone threshol ds and Narrow band noi se threshol ds are

significant, it clearly rejects the first hypothesis
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that "there is no significant difference between threshol ds
for Puretone and Narrow band noise." So if Narrow band
noise is utilized as an alternative stimulus, this diff-

erence shoul d be consi der ed.

The results of the analysis showthat 't' val ues
obtai ned for the nean difference between threshol ds
for Puretone and Warble tone, are |ower than the critical
values at .05 and .01 | evels of confidence, at 250 Hz,
500 Hz, 750 Hz, 1000 Hz, 1500 Hz, 2000 Hz and 3000 Hz,
and indicating no significant difference. However, the
"t' values were higher than the critical value at .05
| evel of Significance at 4000 Hz, 6000 Hz and 8000 Hz,
indicating Significant difference. Hence the second hypo-
thesis that there is no significant difference between
Puretone threshol ds and Warbl e tone threshol ds was
nodified to state that "there is difference between
Puretone thresholds at high frequencies at .05 |evel

of confidence."

It is known that pure tones of higher frequencies
are nore difficult to elicit when conpared to |ow fre-
guenci es. But Warbl e tone has got puretone nodul ations
whi ch makes the detection less difficult because as
frequency increases band wdth al so increases. So this
m ght have resulted in better thresholds, whichis

causing significant differences at high frequencies.
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A large variability was observed.

A large variability was observed interns of standard
Deviation at 8000Hz (S.D=9.04 for Rght ear, S D= 8141
for left ear). This mght be covering the significant
di fference between the thresholds for pure tone and Warbl e

t one.

Staab (1971) reported that in general, Warble tones
wi th frequency duration upto and including 10% and
nodul ation rate as fast as 32 per second, resulted in
cl ose agreenment of + 5dB with Puretone threshol ds.
Dockum and Robi nson (1975) did a study whose results
substantiated Staab's (1971) results. They found
significant difference between Puretone and Warbl e tone
t hreshol ds at 2000 Hz, 4000 Hz and 8000 Hz. They said
as the nean difference for the test frequencies 250 Hz
t hrough 4000 Hz (0.07, 0.69, 0.21, 0.83, 1. 39 respectively).
did not appear large enough to result in 5 dB shifts.
Event hough large difference existed at 8 KHz because of
their larger variability they said that difference m ght
cause only 5 dB threshold shift, which do not significantly
affect the slope of the audiogram So they concl uded t hat
audi ol ogi st may use Warble tone with stinulus paraneters
equal to or less than utilized in their study, to nmeasure

thresholds that are directly conparable to puretone threshol ds.
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The results of the present study are simlar to those
of the above study(Dockuns, Robinson 1975). The nean
di fferences for frequenci es 250Hz, 500Hz, 750 Hz, | 000Hz,
3500Hz, 2000Hz, 3000HZ, 4000HZ, 6000Hz and 8000Hz di d not
appear large enough to result in a 5dB threshold shift.
The 'mean of difference' of 2.5dB for both ears at 8000Hz
represented the |argest mean difference that was obtai ned.
In viewof its large variability only 5 dB threshold shift
m ght occur, magnitude of which donot significantly affect

the sl ope of the audi ogram

Thus we may accept the second hypothesis for that
‘there is no significant difference between the threshol ds
for Pure tone and Warbl e tone', over-1looking the nodification
that is stated earlier, that "there is a significant
di fference between threshol ds for Puretone and Warbl e

tone at high frequencies at 0.05 | evel of confidence"

In the literature Warbl e tone stimlus has been
frequently indicated as a substitute for pure tone
stinmulus. It has been specially suggested to be used
withchildren, (Reilly, 1958, Langenbeck, 1965, Bender,
1967), for patients with tinnitus (Davis 1951, Langenbeck
1965, Al piner 1968) and for testing in sound field
conditions (Sivian and Wiite 1933, Reilly, 1958).

The testings of the present study are considered

to be reliable because when 6 subjects of the origina
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sanpl e were randomy selected and retested after one
nonth, yielded no significant difference in their
thresholds for all the stimuli. The retest results are

given in appendix, A, B, and C

Test retest reliability is better for Narrow band
noi se stimulus. This mght be because of the m nimzed
i nf | uence of standing waves or due to snoot heni ng of
fluctuations fromfrequency to frequency of both acoustic
| npedance and frequency characteristics of earphones or
m ght be due to the sinpler identifications of the

stimulus involving less | earning, (Mers 1957).

The clinician who is enploying narrow band noi se
audi onetry for threshold neasurenents in chidren and
other difficult to test patients should be aware of its
limtations. 1. The clinician shoul d know the paraneters
of Narrow band noi se stinulus bei ng used.

2. He/She should realize that band width and filter

slope can result in a significant over estinmate of
threshold of sensitivity in patients with sloping audio-
metric configurations. Finally, if a choice of alternative
stimuli is available for threshol d neasurenent (Véarble

tone and Narrow band noi se) the clinician mght do well

to consider Warbl e tone as the stinmulus of choice (Nancy
and O chik, 1975).
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Warbl e t one examnes a range only as wide as its
frequency durations, so it presents less risk of invali-
dity estimating the puretone threshold. Narrow band
noi se on the other hand may elicit a response wel |l
outside the band width of the signal resulting in an

i naccurate estimate of pure tone sensitivity.

As the present study did not include the behaviour
of the clinical population and that of children, care
nust be taken when attenpting to generalize the results

of this study.

*C*O*O*O*O*O*O*O*O*O*e*



Chapter - V
SUMARY AND CONCLUS| ON

The purpose of the present study was to explore the
rel ati onshi p between pure tone, narrow band noi se and
war bl e tone thresholds (+ 5%frequency deviation) for

normal hearing adults.

A sanpl e of 40 subjects with in an age range of 18
to 30 years was sel ected for the study. The data obt ai ned
were subjected to analysis to find out if there was any
di fference between pure tone and narrow band noi se thresh-
ol ds, and pure tone and warble tone thresholds at 250Hz,
500 Hz, 750 Hz, 1000 Hz, 1500 Hz, 2000 Hz, 3000 Hz, 4000 Hz,
6000 Hz and 8000 Hz. If the differences existed, their

signi ficance | evel was determ ned.

Threshol ds for each stimulus was taken for all 10
frequencies. The nean difference of thresholds for pure
tones and narrow band noi se, nean difference of thresholds
for pure tones and warbl e tones was found. Significant
di fferences were found between t hreshol ds of pure tone
and narrow band noi se, and threshol ds bet ween pute tone
and war bl e tone at hi gh frequencies (4000 Hz, 6000 Hz and
8000 Hz). The difference at 8KHz was attributed to the
nore variability. Eventhouth the difference was signifi-
cant at 4000 Hz and 6000 Hz, the differences were not
| arge enough to cause even 5dB shift. So it was consi-

dered that there is no significant difference between
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t hreshol ds of pure tone and warble tone.

We hopefully believe that these two alternative test
stimuli (narrow band noi se and warble tone) would be

increasingly be helpful in the evaluation of difficult

to test patients.

Suggestions for future study:-

1. Conparison should be nade for clinical population

and children.
2. More nunber of subjects should be tested.

3. Effect of different warbling rates should be studi ed.

0 0 0 0 0 O 00 0 0 O
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APPENDIX - A

Correlation Co-efficient for Pure tone Thresholds

Frequency Right Ear Left Ear
250Hz v 0.95 0.51
500Hz v 0.78 0.65
750Hz v 0.53 0.94

1000Hz v 0.69 0.64
1500H7 ! 1.00 0.60
2000HZ v 0.67 0.73
3000HZ , 0.91 0.80
4000HZ v 0.96 0.52
6000HZ v 0.78 0.89
8000HZ v 0.98 0.91
0.05 = 0.304

0.01 0.393




APPENDIX - B

Correlation Co-efficient for Narrow band noise thresholds

Frequency Right Ear Left Ear
250HZ v 0.43 1.00
Y
500HZ 0.60 1.00
750HZ v 0.80 0.50
1000HZ v 1.00 1.00
1500HZ v 1.00 1.00
2000HZ v 1.00 1.00
3000HZ v 1.00 1.00
4000HZ v 1.00 0.90
6000HZ v 0.60 0.80
8000HZ v 0.90 1.00
0.05 = 0.304

0.01 = 0.393




APPENDIX - C

Correlation co-efficient for Warble tone thresholds

Frequency Right Ear Left Ear
250HZ v 0.93 0.93
500Hz v 1.00 0.51
750HZ v 0.80 0.58

1000Hz v 0.57 1.00
1500HZ v 1.00 1.00
2000HZ v 1.00 1.00
3000HZ v 0.84 1.00
4000Hz v 1.00 0.51
6000HZ ! 0.72 1.00
8000HZ k 0.94 0.79

0.05 = 0.304

0.01 = 0.393




