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CHAPTER |
| NTRCDUCT! ON

A threshold of octave nasking test (TQV) has been
suggested as a substitute for measuring aural harnonic
thresholds (Gimmand Bess 1973). The test consists of
neasuring the nonaural masked threshold of a pul sed tone
(f, one octave above a steady-state pure tone nasker (f,)
in a threshold tracking paradigm "The threshol d of octave
nmasking i s that nmasker sensation level (SL) in dB where
the initial threshold shift in f, occurs as established

by a slope extrapol ati on procedure” (Qsen and Berry 1979).

dack by a series of experinents (1967, 1968a, 1968b)
suggests that the threshold of aural overload; as by best
beat technique (Vegel and Lane 1924) is conparable to the
nasked threshol d neasured in the frequency regi on where
harnonic distortion occurs. Agreenent between TOM and
threshold of aural overload test has been established
by dack and Bess 1969, Gimmand Bess 1973 and Nel son
and Bilger 1974. Further it is also established that
the aural overload threshold and TCM val ues occur at
consi derably reduced sensation |evels in sensorineural

ear when conpared to the val ues obtained in nornals.



QGimmand Bess (1973) nention the foll ow ng

advant ages of TOMteat:

1. differentiati on between cochl ear and nor nal

heari ng subj ects;
2. excellent test-retest reliability;

3. appropriate for both unilateral and bil ateral
hearing | oss; and

4. mninmal instrumentation along wth ease of

adm ni strati on.

Law ence and Bl anchard (1954) suggest that aural
overl oad threshold can be used to predict susceptibility
to noi se induced hearing | oss. As many investigations
have found agreenent between TCM val ues and threshol d
of aural overload. It nay be inferred that TOM val ues
nmay al so be useful to predict susceptibility to noise

i nduced hearing | oss.

Thus it appears that TOMtest has w de clinical

appl i cati ons.

Statenent of the Probl em

The present study is aimed at collecting norns

for TOMtest, and to conpare the norns wth previous

st udi es.



Brief Plan of the Study:

Bel tone 200-C clinical audioneter calibrated to

ANSI (1969) specification was used in this study.

Threshol d shifts were neasured for 15 normal sub-
jects, using f;= 500 Hz, f, = 1000 Hz tones at threshold
| evel, 10 dBSL, 20 dBSL and 30 dBSL. TOMval ues were

determ ned by sl ope-extrapol ati on et hod.

Limtations of the Study:

1. Frequencies other than 500 Hz and 1000 Hz coul d
not be tested because the subjects could not differentiate

t he nasker and the maskee when hi gher frequencies were used.

2. Asnall sanple was used due to limted time

allotted for collecting data.
DEFI N TIONS OF THE TERVE:

TOM Threshol d of Cctave Masking is defined as

“the threshold of octave nasking is that nasker
sensation level (SL) in dB where the initia
threshold shift in f, occurs as established by
a slope extrapol ati on procedure”! (Qsen and

Berry 1979).

Masker: A steady-state pure tone of 500 Hz was

consi dered as the nmasker in this study.



Maskee: A pul sed 1000 Hz tone was considered as

(f,) thenaskeeinthis study.

Sl ope Extrapol ati on

Sl ope extrapolation is a graphical nethod of finding
TOM Masker values are plotted in X-axis and maskee val ues
are plotted on Y-axis. The line joining the points are
extended to cut the X-axis. The point of intercept is

taken as TOMval ue (see the graph), (No.1).

Aural Harnoni c-s:

"The ear generates overtones, called aural harnonics
(AHs), when the nmechanisns within the cochlea are forced
to vibrate beyond their capacity for sinple proportionate

response. " (VWver and Law enee 1954).
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CHAPTER | |
REVI EW OF LI TERATURE

Threshol d of octave masking test is of recent origin.
This test has been suggested as a substitute for neasuring

aural harmonic thresholds (Ginmmand Bess 1973).

Wegel and Lane (1924) have studied the threshold of

aural overload using best-beat techniques.

G ack (1967) studied aural harnmonie distortion in
normals wth a constant 1000 Hz fundarmental (f;) while the
|istener traces his threshold for an interrupted 2000 Hz
(f,) objective tone. Both tones are presented sinulta-
neously to the same ear with the consequent variations
in the masked threshol ds recorded during mani pul ations
of the tine relation between f; and fg. He found that
the threshold shift (TS), produced with an f; of 60 or

65 dB sensation |l evel (SL).

Cl ack and Bess (1969) have done a study on "Aura
Har noni cs: the tone-on-tone masking Vs the best beat
method in normal and abnormal ™. Their detailed study

runs as foll ows:

Pure tone stinmulation at sufficient intensities

produces perception of the signal's pitch, |oudness and



two |less directly observable events - harnonic distortion
and masking. The ear generates over tones, called aura
har noni cs (AHs), when the nechani sns within the cochl ea
(Wever and Law ence 1954) are forced to vibrate beyond
their capacity for sinple proportionate response. A

the sane tine the fundanental signal also causes the ear
to lose sensitivity for the higher frequencies. This
spread of masking is presumably the reason aural harno-
nics are not heard as separate perceptual entities at
noderate signal intensities even though their presence

I s detectabl e using special psychophysical procedure.

The nost common of these procedures is the nethod of
best-beats, based upon a suggestion by Wgel and Lane
(1924). Wth this nethod, clinical investigators have
nmeasured the lowest intensity (in dBSL) of the pure tone
fundanmental (fi) required fo make the second aural harnonic
(fAH just detectable. This threshold of distortion has
been related to inner ear pathology (Lawence and Yantis
1956) to the estimation of cochlear reserve in oto-
sclerotic ears (Yantis and Magi el ski 1958) to the intelli-
gibility of speech in patients with sensori-neural inpair-
men-ts (Yantis et al, 1966) and possibly even to the
determnation of susceptibility to acoustic trauna

(Law ence and Bl anchard 1954, Capano, 1962). 1In spite



of its potential significance in hearing conservation
and the diagnostic evaluation of hearing disorders,
otol ogi st and audi ol ogi st do not utilize the best-beat
nethod as a regular clinical tool. The neglect nay be
due to certain practical as well as theoretical diffi-
culties. ne aspect of the latter is the probl em of
masking at the octave interval and its conplicating

effect upon resultant neasurenents.

The confounding effects of sensitivity upon the
aural harnoni c neasurenents was first denonstrated and
expl ained by Egan and Humpp (1951). They suggested t hat
a rather large, sonewhat idiooyncratic, bias may be
Introduced as f; intensity is lowered to obtain the aura
harnmoni ¢ threshold. Sonme nore recent work using a diffe-
rent procedure has indicated that the anplitude of Fay
I's below th-e perceptual threshold when the ear's distor-
tion begins and grows at a rate equal to or |ess than
the masked threshold for intensities bel ow 70 dBSL
(dack, 1967). Such reasoning suggests that the aura
harnoni ¢ | evel s, by the best-beat nmethod, mght be
essentially equivalent to the masked threshol d neasured

in the imrediate frequency vicinity of

To test this hypothesis, two separate experinents

are di scribed here. Inthe first, the threshold of



masking and th-e aural harnonic threshold |evels were
obtained fromthe sanple of normal ears. The second

experinment conpares the masking thresholds froma group

of sensori-neural inpaired listeners to the aural harnonic

t hreshol ds obtained by previous clinical investigators

usi ng the best-beat nethod.

Cl ack and Bess (1969) have conpared the tone-on-tone
maski ng and best-beat threshold in normals in their first
experinment. They took 5 college students (3 male and
2 female) ranging in age from22 to 33 wth a nmean age
of 26 years. Their hearing |evel were below 25 dB
(Ref. 1.S.O 1964 norms) for frequencies between 125 and
8000 Hz.

Beat - beats: The listeners hear a loud, |ow pitched

fundamental with a softer, higher pitched, background tone
whi ch waxes and wanes in | oudness, i.e., beats at a rate
determ ned by the frequency difference between the aura
harnmonic and the exploring tone. Then intensity of the
exploring frequency (fe), in this case approximately a
2004 Hz tone, is adjusted to maxim ze the prom nance of
the beating, obtained initially with a 70 dBSL 1000 Hz
fundanmental. Wen the perceptual range of the beat is
maxi m zed, as reported by the observer, the criterion of

"best' is met and the exploring tone is thought to be at



the sane intensity as the aural harmonic. Both tones
were the-n attenuated together by the experimenter unti
the beating background could no | onger be heard and

adj ustnments of the relative intensity and/ or changes in
beating rate, due to varying the frequency of the explor-
ing tone, could no |onger produce reliable responses.
This SL of the fundanental was recorded as the threshold

of the aural harnonic.

A mai co aural overload tester, MA-3, was used for

maki ng nmeasurenents by the best-beats method.

Tone- on- Tone Maski ng:

This procedure sinply invol ves measuring the nonaural
nmasking at one octave above the fundamental masker. In
t hese experinents a continuous 1000 + 1 Hz signal was the
masker and the listener traced his threshold for an
interrupted 2000 +1 test-tone. They have used Hew ett -
Packard 203 A to generate the (f;) while the test-tone

was generated by the Bekesy audi oneter.

The mean threshold of the aural harnonic, 59 dBSL
is within the range, 52 to 65 dBSL, reported by previous
i nvestigators (Lawence and Yantis, 1956, Law ence and

Bl anchard, 1954). This sanple of normal ears, therefore,
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seens fairly typical of the population. The nean tone-on-
tone masking threshold (TOM), 50 dBSL is slightly |ower
than the 59 dB harnonic threshold. Apparently, mnasking
at the harnonic frequency becones effective slightly be-
fore there is any evidence of anplitude distortion. This
finding is consistent with the bias inherent in the
best - beat neasurenents (Wgal and Lane, 1924; Egan and

Kl unpp, 1951; Cack, 1967). The absol ute magni t ude of

the difference, 6 dB, is not, however, directly conparable
to the results of previous investigators for two reasons.
First, differe nt instructions or testing details, such

as attenuating f; and the exploring tone (fe) in steps

|l ess than 5 dB, mght have resulted in harnonic threshol ds
differing sone what fromthose obtained here. Second, an
error is involved in determ ning the threshold of nmasking
fromlinear extrapolation. It is well known, for instance,
that the growh of masking is S-shaped - not |inear (Wgel
and Lane, 1924). Thus, it is quite likely that masking
actually begins at lower levels than indicated by TOM

val ues reported here. Although both sources of error
affect each of the nunerical threshold values to sone
degree, two facts are clear - (I) masking and harnonic

di stor-tion appear at alnost the same f; - levels, and

(2) both kind of threshold neasurenments tend to rank ears

in the same way. This evidence is consistent with the
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contention that both psyehophysieal procedures, tone-on-
tone maski ng and the best-beat nethod, produce essentially
equi val ent results in ears with nornal absol ute hearing
threshol ds. What happens when the absolute threshold is
affected by sensori-neural disease processes is investi-

gated next.

In their second experinment, they have conpared

t one-on-tone nasking thresholds in normal s and abnor nal s.

E ght normal hearing college students and 8 sensori -
neural i-npaired patients were tested as nentioned above
(The nean TCQMval ue for sensori-neural |oss group was
26 dBSL). The nean aural harnonic threshol ds, reported
for groups of abnormals were f; = 1000 Hz are 13 dBSL
(Yantis and Magi el ski, 1958) and 30 dBSL (Yantis et al,
1966). The mean TOM 26 dBSL, obtained with the group
of abnornmals sanpled here falls within this range. This
| ownering of TOM suggests their interchangeability with

aural harnoni ¢ threshol ds.

There is a distinct practical advantage in substitut-
ing the TOM procedure for the best-beat nethod. Cften the
initial best-beat determ nations have taken as |ong as
30-45 m nutes, dependi ng upon the experience, notivation,

and intelligence of the listener as well as the experience
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of the tester. The listener's task is psychophysically
quite conplex in attenpting to nmaxi mze the perceptua

| oudness range of a soft beating tone. In the tone-on-tone
nmaski ng situation, on the other hand, l|isteners only
determ ne whether or not a tone is present. A though
extrapol ation of results takes a few mnutes, the single
sets of threshold shifts needed usually requires |ess
than 5 mnutes of patient tinme. Consequently, nore pa-
tients c-an be tested nore quickly than is possible with
the best-beat met hod. They conclude as follows. In the
first experiment, the threshold of octave masking (TQV
was shown to be equivalent of the aural harnonic thre-
shold level in nornmal ears. The second experinment reveals
that even when the ear is inpaired by sensorineural

di sease pro-cesses, the TOMis affected in the sanme way
as the aural harnonics threshold. |t appears that the
results of both experinents provide support for the
contention that the best-beat method and the tone-on-tone
nmaski ng procedure measure essentially the same phenonenon.
Further studies enploying larger sanples with a w der

vari ety of hearing disorders, however, wll be needed
before a co-nfident judgenent can be nade about the

clinical value of the tone-on-tone maski ng procedure.
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Concl usi on:

Cl ack and Bess (1969) have concluded their study as

fol |l ows:

In the first experinent, the threshold of masking
(TOM was shown to be equivalent to the aural harnonic
threshold level in normal ears. The second experinment
reveals that even when the ear is inpaired by sensori-
neural disease processes, the TOMis affected in the
sane way as the aural harnonics threshold. It appears
that the results of both experinents provide support for
the content ion that the best-beat method and the tone-
on-tone maski ng procedure neasure essentially the sane
phenonenon. Furthernore, in at |east one case, it was
denonstrated that the TOMis nmere sensitive to super-
t hreshol d di sfunctioning than the usual speech discri-
m nation test. The tone-on-tone nasking procedure,
therefore appears to have all the essential diagnostic
properties which have nade neasurenment of the aura
harmoni ¢ threshold desirable. Further studies enploying
| arger sanples with a wider variety of hearing disorders,
how ever, will be needed before a confident judgenent
can be made about the clinical value of the tone-on-tone
maski ng procedure. Gimmand Bess (1975) suggested a

t hreshol d of octave masking test (TOM as a substitute
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for nmeasuring aural harnonic thresholds. The excerpts

of the above study are given here:

The nmeasurenment of aural harnonic threshol ds has
denmonstrated excellent potential as a diagnostic tool in
audi ol ogy. Such neasurenents provide information as to
the functioning of ears about m dway between absol ute
and disconfort thresholds. A nunber of investigators
have denonstrated that the subjects with cochlear
i nvol venent yield | ower harnonic threshol ds than nornal
heari ng persons (Qpheimand Flottorp, 1955, Lawence and
Yantis, 1956; Lawence, 1958, Yantis et al., 1966). Two
studi es have reported that aural harnonic threshold
measurements can be used as a substitute for recruitnent
tests (Sokol owski 1951; Ophein and Flottorp 1955). Aural
over| oad testing has also been used to predict suscepti-
bility to acoustic trauma (Lawence and Bl anchard, 1954)
to estimate the anobunt of cochlear reserve in otosclerosis
(Yantis and Magielski, 1958) and to determ ne whet her
anplitude distortion is a contributing factor to discrim -
nation b-reakdown at intensity |evels above the PB maxi num

(Yantis et. al., 1966).

Though harnoni c threshol d neasurenents appear to
have val ue, few audiol ogists include this test anong

their clinical battery. The probable reason for this
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negl ect seens to be the difficulty involved with obtaining

accurate harnmonic threshol d determ nati ons.

The psychophysi cal techni que nmost commonly used to
nmeasure harnonic thresholds is the explorating tone nethod.
Very sinply this technique involves introducing a funda-
nental tone to the ear at an intensity sufficient to pr-
duce a second aural harnonic. To assist in the detection
of this harnonic, an exploring tone, varying in frequency
fromthe aural harnmonic by only a few cycles, is introduced
to the same ear. This exploring tone then beats with the
aural harmonic and is heard in the background of the
fundanental. The use of this method for detecting har-
noni cs, however, has been subjected to considerabl e

criticism For exanple, Bekesy (1957) concl uded.

Recently, Qack and Bess (1969) proposed a sinpler
alternative tone-to-tone maski ng techni que which was found
to produce results essentially equivalent to the exploring
tone nmet hod. The rationale for this technique was based
on a series of earlier experinents by dack (1967, 1968a,
196-8b). He revealed that harnonic distortion begins
and grows at a rate equal to or |ess than nasked thre-
shold (below 70 dBSL). Based on these data, d ack and
Bess (1969) reasoned that harnonic thresholds and maski ng

threshol ds nmay be equivalent if the maski ng was measured
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in the frequency vicinity of the aural harnonic.
According ly, this test involved neasuring the manaura
maski ng at one octave above the fundanental masker (M)
using 1000 Hz as the M, C ack and Bess (1969) found
that the intensity level first needed to cause a thre-
shold shift in the naskee (Me, 2000 Hz) was greater for
normals than it was for a sensorineural inpaired group.
Thus less M intensity in sensation |level (SL) was
needed with abnormal hearing listeners to produce a
smal|l threshold shift in the Me. The intensity |evel
first needed to cause a shift in the Me was referred

as the threshold of octave masking (TOM) .

The purpose of this research was to further eva-
|uate the usefulness of the TOM for differential diag-
nosis. The present study endevored to elimnate cer-
tain limtations found in the initial investigation by
incorporating a layer N, nore M and Me frequencies, and
choosing subjects with clearly defined |esions of the

cochl ea.

METHQODS:

Subj ects: 10 Normal Hearing Subjects and 12 sensori -

neural involvenent subjects were selected for the study.
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They di scuss as foll ows:

The results of this investigation have shown that
the TOMtest will differentiate subjects with cochlear
I nvol verrent fromnornal hearing subjects at all three M
frequencies (500 Hz, 1000 Hz and 2000 Hz). |In addition,

the test has denonstrated excellent test-retest reliability.

The tone-on-tone nasking techni que seens to have
cert ain clinical advantages. TOM can be adm ni stered

in cases with both unilateral and bilateral hearing | osses.

In the initial TOMinvestigation, Oack and Bess
(1969) hypot hesi zed that thresholds of octave naski ng and
harnoni ¢ distortion appear at the same M levels. To fur-
ther examne this hypothesis it is interesting to conpare
the aural harnonic threshol d data obtai ned by previous
I nvestigators to the TOMval ues obtained in the present

st udy.

It is apparent fromthe foregoing table that the
harmoni ¢ thresholds and TOMval ues are very simlar in
the normal group for all three frequencies. Moreover,
the TGMval ues are fairly conpatible with the harnonic
thr esholds seen in the sensori-neural inpaired |isteners;
although there is nore variability. Thus, these data

| end further support to the contention that TCOM val ues
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and aural harnonic |levels, as neasured by the exploring

tone nethod, yield essentially the same dat a.

TABLE

Mean aural harnonic thresholds reported by

three previous investigators and nean thre-

shold of octave masking values obtained in
the present study

500 Hz 1000 Hz 2000 Hz
Har noni ¢ Thr eshol ds
Law ence and Nor mal 52 dB 57 dB
Yantis (1956) SN - 17 dB 23 dB
Yantis, MIlin Normal 47 dB 53 dB 50 dB
and Shapiro SN 28 dB 30 dB 28 dB
(1966)

hei n and Nor mal 42 dB —

Flottorp SN 10 dB —
(1955)
TOM val ues
Qi nm and Nor nmal 44 dB 53 dB 56 dB
Bess (1973) SN 16 dB 28 dB 16 dB

Before this test can be used in a clinical setting
with any degree of confidence additional study is needed
using larger sanples with a variety of hearing disorders.
In particul ar, data are needed in subjects with purely
conductive & VI nerve |lesions. The effects of hearing

loss at the M and Me also warrant investigation.
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Finally, there needs to be additional research
cond-ucted on the nunber of masked data points required
to obtain an accurate TOMval ue. A basic assunption of
the TOMis that masking grows linearly once an initia

shift in the Me occurs.

If the intensity levels of the M are not suffi-
cient to produce a linear function, then the extrapol ation
procedure will cause an underestinmation of the TOMval ue.
Hence, it seens inportant to investigate how greater M

intensityty levels can affect the TOM

In conclusion, this study further examned the
useful ness of the TGMtest in differential diagnosis.
The results indicated that the test was capabl e of
differentiating between nornmal hearing persons and
subjects wth cochlear involvenent. The test was found
to be quick and easy to admnister. The results of the
study were in agreenent with the initial investigation by
d ack and Bess (1969) and also with the harnonic thre-
sholds reported by previous investigators (Qphein and
Flottorp, 1955; Lawence and Yantis, 1956; Yantis et al.,
1966) .

Asen and Berry (1979) admnistered TOMtest to

normal hearing and sensori-neural inpaired |isteners at
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four test frequencies; 500, 1000, 2000 and 4000 Hz.

The TOM val ue was found to be inversely proportiona

to the degree of hearing loss at the masker frequency.
Results indicate that the TOMis capable of distinguish-
ing subjects with sensori-neural involvenent fromthose
with normal hearing and of providing a neasure of the
degree of sensory disfunction. Exam nation of the

sl ope of octave masking reveal ed that once the influence
of hearing loss is overcone at higher intensities the
sensorineural ear perforns essentially the sane as the

normal ear in a tone-on-tone nasking test.

Gimm and Bess (1973) conducted a study to investi-
gate further value of TOMtest in differential diagnosis.
A group of normal and sensori-neural inpaired |isteners
were admnistered the TOMtest. They tested 3 frequencies
500, 1000 and 2000 Hz. The results showed significance
(0.05) difference between the normal and abnornmal hearing
groups. Test-retest reliability was al so proved to be
excellent. They also conpared the TOM val ues wth the
aural harnonic thresholds reported by previous researchers,
They found close agreenent between them  They al so
suggested that TOMis easy to adm nister, data can be
obtained in a very short period of time. This test may
appear to have a potential as a special test in audio-

metric di agnosis.
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Met hodol ogy they have followed were:

They have taken 22 normal hearing and 24 sensori -
neural ears froma total of 29 persons (16 feral e and
13 male). Hearing sensitivity of these cases ranged
from audi onetric normal (with 10 dBHL, ANSI 1969) to
a marked hearing |loss of 55-70 dB based on pure tone
average of 500, 1000 and 2000 Hz. Audi oneter used by
t hem was Grason Stadl er Bekesy Mddel E 800.

They established pure tone threshold for f; (250,
500, 1000 and 2000 Hz) and f, (500, 1000, 2000 and 4000 Hz) .
The TOM val ues were traced as follows. Threshold for a
pulsed f, signal in quiet was taken; next f; was intro-
duced into the same ear phone with increasing intensity
until a 10 dB threshold shift in f, was noted. Two sub-
sequent 5 dB increments were introduced and correspondi ng
shifts were noted. TOMwas calculated as follows (as

shown i-n the graph, in Appendix-1).

A line of best fit is drawn through the three data
points representi ng the 10 dB, 15 dB and 20 dB threshol d
shifts. The function is extended to intercept the f; SL
axis. The point of intercept is considered the thre-

shol d of octave maski ng.

They have conpared the results with that of Ginm

and Bess (1973). Tomval ues were al nost sane for normals
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wher eas sensori-neural |oss group displayed | ess agreenent.
There was discrepancy in the results of Gimmand Bess
(1973) and A sen and Berry (1979) in sensori-neural |oss
group. This discrepancy was probably due to | ess honoge-
nity of the sensori-neural |oss group in the study of

Asen and Berry (1979). They further point out that a TOM
value of A 20 dBis indicative of a greater degree of

unspeci fi ed sensori-neural pathol ogy.

They conclude that TOMval ues are inversely rel ated
to threshold sensitivity at f; As such, the TQMval ue
reflects the severity of sensori-neural |oss. Hunes (1978)
has rev-iewed the application of the aural overload test
to tenporary threshold shift, susceptibility to noise-

I nduced heari ng | oss, speech discrimnation, site of

lesi on testing and auditory recruitnent. It is rather
tenpting to infer that since aural overload and TOM val ues
occur at approxinmately equival ent sensation | evels, the
tests have mnmutual applicability to the areas di scussed by
Hunmes. This notion nust be put to experinental test,
however, as the physiological relationship between octave

maski ng and the aural overload threshold renains specul ati ve,
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CHAPTER ||
MVETHODOLOGY

Subj ects: 15 normal hearing subjects in the age
range of 19-29 years (Mide : 8 and Fenale: 7) were sel ec-
ted for this study. The subjects were selected on the
following criteria.

1. They should not have had any history of eardis-

charge, tinnitus, giddiness or any ot her otol ogic conplaints.

Heari ng sensitivity should be within normal limts,
i.e. within 20 dBH. (1SO 1964) in the frequencies from
250 Hz to 8 K Hz.

Equi pent : Bel tone 200-C clinical audi oneter was
used. It is a two channel audioneter. Channel one provides
el even test frequencies and channel two provides six fre-

guenci es.

Channel one has (125 Hz, 250 Hz, 500 Hz, 1500 Hz,
2000 Hz, 3000 Hz, 4000 Hz, 6000 Hz) .

Channel two has (500 Hz, 1000 Hz, 2000 Hz, 3000 Hz,
4000 Hz, 6000 Hz) .

Frequency accuracy of the audi oneter was + 3% and
SPL accuracy of + 3 dB at all frequencies. TDH 49, Z-10

ohns tel ephonics type of head set was used. The audi oneter
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was calibrated in accordance with the speeifications
given by ANSI 1969. Calibration was excercised using

an artificial ear B& 4152, a condenser m crophone B&K
4132 and a sound |level neter B&K 2203 with an octave
filter set B&K 1613. The output val ues of the earphones
at 70 dB HTL are given in the appendi x.

Test Environnment: The experiment was carried out in

an aeoustically treated roomat Al India Institute of
Speech and Hearing. The anbient noise |evels were bel ow
t he proposed maxi mum al | owabl e noi se | evel s (H rschorn,

M 1971) for audioneter calibrated to | SO 1964 (see
Appendi x) .

Procedure: Pure tone Ac thresholds for all subjects
were determned by using Hughson- Vst ake procedure. The
ear which has better sensitivity for 500 Hz and 1000 Hz
was selected for TOMtest. 1In a subject, if the ears are
equal ly sensitive at 500 Hz and 1000 Hz right ear was
selected for TOMtest. The subjects were instructed for

TOMtest as foll ows.

First you hear a pused tone of 1000 Hz (fg) in quiet.
Wienever you hear the pul sed tone, you are required to indi-
cate b-y flickering your finger. Later, you wll be hear-
ing two tones or wobbulating tones in the sane ear. Wen

you hear two tones or wobbul ating tones, you are required
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to indicate by showing two fingers. The nonent you fail
to hear the wobbulation i.e. the nonment you hear the
wobbul ation changing into a continuous tone, indicate it

by raising only one finger.

Before collecting the data for TOMtest the subjects
were given sonme practice events so as to nake them fam -

liar with pul sed tone and wobbul ati on.

Threshold for pulsed to 1000 Hz (fg) tone in quiet
was obtained. Later 500 Hz (f;) tone was introduced into
the sane ear at 0O dBHL. Intensity of f; (500 Hz) was
increased in 5 dB steps, until the pul sed tone was nmasked.
Later, intensities of f; (500 Hz) tone required to nask
the pul sed tone presented at 10 dB SL, 20 dBSL, 30 dBSL

were determned and correspondi ng shifts were noted.

The threshol d of octave nmasking (TOVM was cal cul ated
by plotting the threshold shifts in fg (1000 Hz) as a
function of intensity level of f; (500 Hz) as shown inthe
graph (see next pageno2) ,Aline of best fit was drawn t hrough
the data points representing the 10 dB, 20 dB, 30 dB
threshold shifts. The function was extended to intercept
the f; intensity level axis. The point of intercept is
considered the threshold of octave masking (TOM. S ope

extrapol ati on procedure was used.
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Intra-subject Reliability:

A sanple of 5 subjects was retested in the simlar
way using the procedures as described earlier for intra
subject reliability. A mninmumgap of 50 days was given

bet ween test retest sessions.

The data were anal ysed statistically.



GHAPTER |V
RESULTS AND D SQUSSI ONS

Previous studies by Lawence and Yantis (1956),
Yantis, MIlion and Shapiro (1966) reveal ed nmean aural
har noni ¢ threshol ds of 52 dB and 53 dB respectively.
Gimmand Bess (1973) reported nean TOMval ue of 53 dB
at 1000 Hz. According to Asen and Berry (1979) TQM
values for MOO Hz is 55 dB.

In the present study mean TOMvalue is 57 dB for
1000 Hz which closely agrees with previous studies.
Table 1 gives the TOMval ues at 1000 Hz obtai ned from
15 subjects and Table 2 gives the mean TOMval ues and

standard devi ati on val ues.

QGimmand Bess (1973), dsen and Berry (1979) have
done studies on nornmal subjects as well as sensori-neural
| oss cases and they have found that TOMval ue was
i nversely proportional to the degree of hearing | oss

at the masker frequency.

Gimmand Bess (1973) report nean TOMval ue of
28 dB for sensori-neural |oss group, whereas A sen and
Berry (1979) report nean TOMval ue of 23 dB for sensori -

neural |oss group.
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Table 1 showing the TOM values for all the

subj ect s
Subj ect s 1600 2" Tone”™
1 60 dB
2 66 dB
5 52 dB
4 67 dB
5 53 dB
6 64 dB
7 58 dB
8 59 dB
9 40 dB
10 56 dB
11 57 dB
12 58 dB
13 59 dB
14 57 dB
15 58 dB

MEAN TOM Value is 57.4 dB
Standard Devi ati on 5.4
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Table 2 : Conparison of TOMneans and standard
deviations (in dBSL) found by Qi nmmand

Bess and d sen and Berry and present study

Subj ect s I\/askerlog(r)eﬂgency (Hz)

Nor mal Heari ng

@immé& Bess (1973)
Mean TQOM 53
Standard Devi ati on 6.0

Asen & Berry (1979)
Mean TOM 55
St andard Devi ati on 4.3

Present study
Mean TQM 57
Standard Devi ati on 54




29

CHAPTER V

SUMVARY AND  CONCLUSI ONS

Normati ve data on TOMtest have been det er m ned.
The results showed that the nean TOMval ue for 1000 Hz
tone was 57 dB. This value closely agrees with the
val ues reported by Gimmand Bess (1973) and A sen and

Berry (1979).

Bel tone 200-C dual channel clinical audi oneter
calibrated to ANSI (1969) specification was used in this
study. 15 normal subjects were tested and TOMval ues

wer e obt ai ned.

Conclusions! It is obvious fromthe results of the

present study that the TOMval ues obtained in this study
agree wth the TOMval ues reported by earlier investiga-
tors. As nentioned earlier, TOMval ues for higher fre-
quencies could not be determned as the subjects failed

to nake out 'masking' of naskee.

Reconmendat i ons!

- To test large nunber of normal subjects and establish
TOMval ues.

- To establish TOMval ues for frequencies 2000 Hz and
4000 Hz.
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- To establish the useful ness of TOMval ues in
detecting subjects who are susceptible to noise
I nduced hearing | oss.
To establish the relationship between TOM val ues
and acoustic reflex threshol ds.

- To establish the relationship between TOM val ues
and TTS.

To establish the rel ationshi p between TOM val ues

and "Fatigability of reflet".

A study nay be undertaken to verify whether |ow
acoustic reflex threshold, greater 'Fatigability of reflex',
| oner TOM val ue and greater TTS go together in a subject

or not.

Comments! Wiile collecting data, the present
I nvestigator observed that the subjects could not mnake out
"maski ng' of maskee when hi gher frequencies were used. It
I's not known how the other investigatorscould collect data
at higher frequencies. Further attenpts are to be nade to

establish TOMval ues for hi gher frequencies.
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APPENDI X- |

Bel tone 200-0 Audioneter: (Used for TOM Test)

It is a dual channel clinical audioneter used in

general diagnostic tests.

Audi o Frequency Anal yser B&K Type 2107 (Used for Ac

Cal i bration)

Type 2107 is an Ac operated Audi o-frequency anal yzer

of the constant percentage band wdih type.

It has been designed especially as a narrow band
sound and vi bration anal yzer, but may be used for any
ki nd of frequency analysis and distortion nmeasurenent

within t he specified frequency range.

A built in mechanical device enables automatic
tuning froman external notor supplied w th weighing net
wor ks of sound |evel neasurenents, A, B, & Cand a 7
poi nt input socket for connection of a B&K condensor
m crophone or preanplifier as required. The instrunent
is supplied with an output sw tch, by nmeans of which the
rectifier and neter circuit can be switched to neasure
either the peak or the RM5S values of input signal. To
enabl e easy and accurate neter reading for both high and

| ow frequency signals, two different standardized neter



danpi ng characteristics can be selected. A neans is
provided for connection of external filter, band pass
filter set Type 1612 between the anplifier stage. This
instrunent is used with artificial ear type 4152 K for

AC calibration.

Artificial Ear Type 4152:

An artificial Ear Type 4152 is designed to enable
acoustical measurement on ear phones to be carried out
under well defined acoustical conditions. It consists
basically of a replacable acoustical coupler, and two
sockets for the mounting of a condensor m crophone
cartridge Type 4132 and a cathode fol |l ower Type 2613 or
the sound |evel neter Type 2613.

A spring arrangenent is provided to fulfil certain
standard requirenent regarding the force applied to the
obj ect under neasurenent. This can be adjusted to apply

and desired force on the ear phones.

The artificial ear satisfies the |I.S. QO specifications

(1.S.0./T.C. 43).



0S8 <¢'1T80°'1T8 0'T8

Ov8 0178008 08

6009 O0T0F 800¢€ €00¢

v'18 ¢'98 G'08 608 0°'I8

L0808 018 008 0°T8

¥96/. T.69 €86E G86Z 6861

0008 0009 oo00¥r o000 000c

1°LL

0°LL
¢c00T

1.L ¢'LL

0.L 011
16vT 866
00ST  000T

T8, 0

08. 0

JA A

052

€8

€8

c0S

€8 §°96 8911

€8 ¢'96 G 9TT

86 0S¢  9Cl1

00§ 0S¢ 4dl1

() 11H oL
auoud

on |g 1dS9p

™) 11H 0L
auoud

P 1dSdP

[en 1ov
Aouanba 4

Z H

ow| |suueyp

() 71H 0L
auoyd

an |9 1dsap

™) 1UH oL
auoyd

P=d 1dSap

H [en]iy
Aouanba 14

pa .l nba .
Aouanba H

oD [suuey

TIH gp 0L e sbullles 1Y 1o}

I X

san [en Ind O

IAN I3ddYV



Sound Pressure level in dB Ref.20. mcro Pa

ANSI - 69 Threshol d val ues for TDH - 49
Ear phones in Mk-41 / AC Cushi ons.

bt ai ned Val ues

Frequency 250 500 750 1000 2000 3000 4000
in Hz

6000 8000

dBSPL 26.5 13.585 /7.5 11.0 95 10.5

13.5 13.0




APPENDI X |V

Maxi mum al | onabl e background Sound Pressure Levels
in dB for no masking above the zero hearing |loss setting
on a standard audi oneter (Decibles re 0.0002 M crobar).
The proposed standard data were devel oped by subtracting
the difference between ASA and |ISO reference threshold

val ues fromthe ASA background noi se.

Audi onetric Test Cctave Band Sound-Pressure |evel (dB)
Frequency (Hz) Oct aves Proposed St andard
125 75/ 150 31
250 150/ 300 25
500 300/ 600 26
1000 600/ 1200 30
2000 1200/ 2400 38
4000 2400/ 4800 51
6000 4800/ 9600 51

8000 4800/ 9600 56



