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I. PREFACE
The NDRC Aural Rehabilitation Project

The NDRC project (17.3-19), aperating under Directive AN-10, has been
broadly concerned with all electro-acoustic instruments and methods relevant
to the rehabilitation of aural casualties. .\ major part of the general program
has been an experimental study of hearing aids, both as physical instruments
and as aids to hearing. Their electro-acoustic properties have been studied
at Electro-Acoustic Laboratory, Harvard University. These studies have in-
cluded an examination of the electrical circuits and the component parts of
the instruments, their overall frequency response, input-output characteristics for
pure tones, amplitude distortion, battery driain, the acoustic properties of individ-
ual earmolds, microphone pickup pattern, and the body-baffle effect. The
Psycho-Acoustic Laboratory has been concerned with studies involving the trans-
mission of speech by hearing aids, the limitations they impose upon intelligibility,
and the quality of their tran=misston. This Iaboratory has also developed several
auditory tests that are usefnl for research on problems of impaired hearing, for
the clinical diagnosis of hearing loss, and for the selection <0 hearing aids.

Another section of the project has been concerned with the development
and validation of diagnostic methods appropriate to impnircd hearing.  The
Central Institute for the Deaf at St. Louis has developed apparatus and methods

of this type.

The work of these various laboratories has been closely cvordinated with
the Aural Rehabilitation Services of the Army and the Navy. In particular, the
NDRC project has endeavored to provide practical assistance in the design and
procurement of aconstie facilities and equipment for severil of the hospitals
where the Aural Rehabilitation Services are located; and, through the Psvcho-
Acoustic Laboratory, the project has engaged in rescarch programs which utilize
the laboratory facilities at one of the Army hospitals, Through this association
the special problems of military #ural casualtics and their rehabilitation have
been studied; and the results of laboratory research at Psycho-Acoustic Lab-

oratory, at Electro-Acoustic Laboratory, and at Central Institute for the Deaf,

have been validated and applied.




1I. INTRODUCTION
Seope and Obhjectives

The traditional approach to measurement of impairment of auditory function
has, in the main, involved meisurements of threshold of acuity for either pure
tones or specch, The former approach has particularly characterized clinical
practise and procedures. It has been demonstrated, however, through the study
of loudness well above threshold thai the threshold andiogram alone is not au
adequate measure of the mnpairment of auditory Gmetion. ! Farthermore, the
impairment of understanding of speech is more closely related to the overall
londness loss at the intensity level at which speech is heard than o the thresh-
old audiogram. ' 1t is, theredfore, diffienlt to praeilict irom a threshold of acuity
measure how the impaired car will function in an above-threshold acoustic
environment.

The need for accurate information concerning responses well above the
threshold of acuity in order adequately to appraise auditory function has con-
sequently focused attention npon the concept of the anditory arca or imditory
“map.”  The anditory aren is properly described by equal-londness contours
amd is bounded at its lower border by the threshold of acuity and at its upper
border by the thresholds of tolerance.  The auditory area might be likened
1o a building with the {mmdation represented by the threshold of acnity, the in-
between stories corresponding to levels of equal londness, and the roof repre-
sented by tolerance limits,

The investigntion described in this report represents a systematic study
of the quantitatize and qualitative nature of the tolerance limits for speech and
pure tones of normal and deafened human ears. \With reference to the Aural
Rehabilitation Programs of the Armed Forces, it was hoped to attin the fol-
lowing significant abjectives:

I. To yield data pertinent to the desiyn characteristics of future hearing
gids.  The maximum aconstic ontput of present day hearing aids, either
by inteut or accident, is such that presumably it protects the wearer
from acoustic stimuli that would exceed his tolerance limits, 11 it could
be demonstrated that the tolerance hmits are higher than heretofore
supposed, the instrument could be designed with a higher level of max-
inum undistorted acoustic ontput and therehby the auditory riange of use-
fulness amld be ineressed materially.

To provide mformation which could guide procedures in the elinical se-
lestion of hearing aids.

tCMR peport, Temporary Deafness Followinge Eiposure o Loud ‘Tones and Noise, 30 September 149431,
QLM m 161,

'}‘u’vn-m. N. &0 aund Dovis, Mo, Nearing:  1(s Puaychology wnd Physiology, New York, John Wiley &
Sons, Tne., 193s.
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Tolerance

Previous studies ¢ indicate a relatively vague conception of the qualita‘xtive
nature of the threshold of pure tone tolerance. This threshold has at times
been termed the threshold of “pain,’ and more frequently has been called the
threshold of “feeling.”  From the psycho-physical stamlpoint the “pain” response
is most readily identifinble but the “feeling” response is vague. The subject is
at it loss to know when “hearing” ceases and “feeling™ begins.  Furthermore, these
last two sensations ean, and do, occur simultancously as the clinician who prac-
tises bone conduction audiometry ¢m testify,

In the experimental appraach to the determination of pure tone tolerances,
the present investigators, therefore, postulated several gualitatively different tol-
erance thresholds which could be estublished in terms of separately identifiable
sensations. It was felt, in other words, if the analogy of the auditory area
and the building is carried out, that the “ronf” of the auditory arca might
be multilavered in character.  Looking upwirds the roof of the building might
be comprised of a plaster ceiling, supporting beams, and an external roof. It
was supposed thiat the responses of the subject to high intensity stimuli might
reflect a pattern of multiple layers varving with the qualitative nature of the
response t he elicited.

Exploratory experimentation suggested that three specific pure tone tolerance
threshold Tayers could be established as u function of frequency und intensity.
It wias determined further that the same thresholds could be used to establish
specitic levels for speech tolerimce.

Three clearly distinguishable thresholds proved to be

L Discomfort thresimld, defined as the point at which the subject feels that
he would cease to care to listen becanse the stimulus was uncomfortable.
( The precise instruetions to the subject are given later in the report.)
Tickle threshold, defined as the point at which the subject experiences a
definite tickling sensation deep in the ear.

Pain threshold, defined as the pnint it which the subject experiences a
definite sensition of sharp pain, as opposed to mere discomfort deep
1 the car,

Organization of Experiments

The experiments were organized in the following general manner : (Details
of procedure ure given Lnter.)

I Pure tone tolerance - - The subjects were divided into two groups, nor-
. . rye o

mil hearing * and hard-nf-hearing.  There were sixteen cars in each

gronp expozed o the complete experimental procedure. A\t ecach ex-

(Wepel, R L., “Physienl ita and Physivlesy of Exeitd f 0
Rhinol,, nnd Lavynyol,, 1932, 41, 7.7, iy ul Bavitidion of the Auditary Nerve,” Ann, Otol.,

“The “normul heaving™ ioup will subaqaently be referral to wy

i-

“normals.




perimental session the thresholds on each ear for discomfort, tickle,
and pain were determined for given frequencies and then repeated. In
other words the thresholds were determined for the right ear then the
left ear, followed by a repeat scries of measurements on the right ear and
the left ear. Ixcept in a few instances there were six consecutive
sessions one week apart for each subject. In most cases thresholds of
acuity were determined before and after testing for tolerance thresholds.
This latter procedure was introduced in the course of the experiment to
determine what effect exposure to high intensity stimuli might have on
the threshold of acnity,

Speech tolerance- There were 30 normal ears and 30 hard-of-hearing ears
exposed to the complete experimental procedure. These subjects were
subdivided into three groups (1, 2, and 3) of 10 normal and 10 hard-
of-hearing cars cach. The basis of division between groups 1 and 2
was the order of testing of ears with the time interval between sessions
remaining constant. Groups 1 and 3 differed in the time interval be-
tween sessions with the order of testing of eurs remaining constant.
An experimental session consisted of determination of thresholds of
acuity for speech, and discomfort, tickle, and pain thresholds four times
for each ear. All subjects were exposed to four sessions of speech tol-
erance testing as contrasted with six sessions for pure tone tolerance.
The fact that the speech tolerance threshold curves were reaching asymp-
totes as a function of experience determined the number of sessions.

Study of change of toleronce

a) Change with experience: The change of tolerance (which subse-
quently proved to be upward) for pure tones and speech as a func-
tion of number of consecutive testing sessions was studied.

b) Retention of tolerance: The retention of tolerance for speech as a
function of given time intervals from date of last test was in-

vestigated.

Contralateral tolerance: The effect of tolerance tests for speech and
pure tones of one ear on the opposite ear was studied. This phe-
nomenon is defined as contralateral tolerance.

Transfer tolerance: The effect on tolerance for pure tones as a re-
sult of exposure to speech tolerance procedure was investigated.
This phenomenon is defined as transfer tolerance.

Methods of elevating tolerance: When it was noted that the testing
procedure, per se, elevated tolerance, it was decided to make a de-
liberate experimental attempt to increase tolerimee in hard-of-hearing
cars through exposure of the subject to two different levels of high
intensity speech.  Therefore, a third group of 10 hard-of-hearing
subjects was exposed at four weekly experimental sessions.  The
right ears of this group were exposed to one level of stinulation
and the left ears 1o another level

9




[, SUBJECTS

liqual numbers of normal and hard-of-hearing subjects were (‘I)H.\-('ll for
the experiments on pure tone and speech tolerance. There were 16 cars m each
group for pure tone tolerance and 30 cars in cach group for speech tolerance,  In
the study of experimental elevation of tolerance, 20 hard-of-hearing ¢ars were in
volved. Thus, a grand total of -16 normal cars and 66 hard-of-hearing ears were
employed throughout the entire series of experiments.  These figures do ot in
clude i few subjects (noted later) who dropped ont, {or one reason or another,
during the course of experimentation.

An even distribution of subjects aceording to sex was approximated.  ‘The
age range of the subjects was {rom 10 10 42 vears which are normal military
limits.
dudiometry

Air and bone conduction audiogrims for each ear were obtained on a
Miico D-53 Aadiometer in a room of approximately 45 db residual noise s
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Fig. 1. Sample Audiogram,
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necasured by a Western Llectric R.\-330 sound level meter.  FFor convenience
of presentation the audiograms in the tabular portions of the reports are re-
corded numerically instead of graphically. 1iach digit represents the hearing
loss in bels with a dash below indicating loss of an additional half bel. In other
words, the figure 2 would indicate a loss of 2 bels or 20 decibels; the figure 2
would indicate a loss of 25 bels or 25 decibels. The letter “x” signifies no re-
sponse for the indicated frequency. The figures, reading from left to right,
represent the loss at the following frequencies: 128, 256, 512, 1024, 2048, 4096,
and 8192 cycles per second. The audiogrim in I'ig. 1 would thercfore be re-
corded as follows:

Right - 4 4 5 5
5

S 6 6

Left -

Clinical Classification

The classification of subjects into the following clinical types of deafness
was cstablished after thorough otological examination. The criteria are also
given:

1. High frequency nerve deafness -- abrupt loss in hearing for air and

bone conduction, beginning at 1000 cycles,

Nerve deafness - marked reduction in hearing for air and bone con-
duction.

Conduction deafness —- normal hearing or slight decrease in hearing {or
bone conduction with greater loss for air conduction. (These cases
usually show a negative Ninne amd a normal or retracted tympanic
membrane. The pathology involved is usually early otosclerusis or
hyperplastic otitis media. )

Mixed deafness --- bone conduction slightly better than or equal 1o air
conduction,  (The pathology is usually a combination of early nerve
lesion and middle ear diseasc.)

The hard-of-hearing subjects represent a fairly well balanced distribution
of clinical types. Detailed information concerning the subjects in cach group is
given in appropriate sections of the report.




IV. APPARATUS

The apparatus was capable of reproducing known sound pressure levels
under an earphone from 0 db to approximately 145 db r.m.s. (re: 0.0002 dynes/
cm?) at 1000 cps. The acoustic output could be varied in any combination of
1, 2, or 10 db steps over the entire 145 db intensity range. Figs. 2 and 3 are
block diagrams of the systems used for pure tones and speech respectively. The
laboratory in which the equipment was housed consists of a large room
containing a dead room and an adjacent control room. The dead room has an
absorption coefficient of .83 as calculated by the Sabine formula.  The ambient
noise level is 35 db sound pressure level as measured on the R-330 sound level

meter with selector set to "flat.” The mecter had been checked for aceuracy

by the Bureau of Standards.

The subject was seated comfortably i the dead room and listened to the
test tones or speech through a single PDR-10 carphone mounted on a double
headband. A 6B cushion and dummy headphone (provided by Psycho-Acoustic
Laboratory) covered the car which was not being tested. The PDR-10 carphone
was fed through an appropriately matched 110 db Hewlett-Packard attenuator.
A talkback microphone was suspended from the ceiling of the dead room.  An
instruction microphone was available to the experimenter for communication

with the subject through the earphone.  This arrangement assured convenient
and accurate rapport even with the hard-of-hearing subjects,

The remainder of the apparatus wias mounted in the cabinet convenient
to a window between the dead room and the eontrol room. A resistance-tuned
audio-oscillator was used as the source for the pure tones. This unit was con-
nected through a matching attenuator to a power amplifier capable of delivering
up to 60 watts of undistorted audio power. The source for the speveh tolerance
tests was an clectrical transeription unrmtabie. .\ calibratel attenuator was in-
serted between the power amplifier and the matehing transformer ahead of the
earphone. Nttenuation of the output, therefore, reduced the amplifier hum, tube
noises, ete., cqually with the signal and maintained a constant signal-to-noise ratio
of about 55 db.

Calibration

Fig. 4 shows the pressure respouse into a Gee coupler of one of the Permo-
flux PDR-10 earphones used in the experiment.  This calibration was carried
out at the Llectro-Acoustic Laboratory,” using a W.E. 640\ condenser micro-
phone.  The pressure response shown m Fig. 4 is tvpical of all the carphones
used i this experiment, except that the sensitivity of one of the earphones was
4 to 5 db lower than the rest of the lot.® At the Eleetro-Acoustic Laboratory,
it was also found that the PDR-10 earphones were capable of delivering instan-

1OSRD Report Na. 3105, “Respouse Charncteristic : T “
OEMn?-séGta}. Repor M espouse Charncteristics af Interphoue Equipment IV 0 Jnanury 1944,
? Seversl earphones were burned out in the preliminary experiment i . -
,rll‘;cessnrth limit ih;- wunltl, lmr-r-;u-'e“l_--w-l ;:f the testa ta 145 db for |.m'-'.- 7&:.'1,.".'.'.75 &‘,’"i'ii, ‘:)'ledr«l;';— E:ﬁm-(n}‘."
e esrphones proved capnlle o andling: these Wel s F el , cech,
or nenuiltivity. o v vee pmwer levels withaut alterntion of their frequency response
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taneous peaks of pressure, such as occur in speech, at levels of at least 155 db
instantaneous sound pressure (re: 0.0002 dynes/cm *) into the 6¢c coupler. The
power required for such sound pressure was about 6 watts,

Speech Sample

A\ newscast by Fulton Lewis, Jr. transcribed from the network lines was
sclected as a speech sample for the tests of speech tolerance. This sumple was
chosen because of its evenness of level.  Four minutes and forty-five scconds of
the original 15 minute disc wirs re-recorded by The Technisonic Laboratories
of Central Institute. A\ calibrating tone of 1000 cps was recorded on the same
disc. ‘This original transcription was then processed and a number of vinylite
pressings made. The average speech level as measured by the VU meter through-
out the four minutes and foriv-five seconds playing time lay within 2 db of the
level of the calibrating tone.

The evenness of the speech level was further verified by an experienced oh-
server with respect to his threshold of intelligibility and also with respect to his
threshold of tickle. In the first test the observer adjusted the attennator (1 db
steps) from time to time as required to keep the speech just intelligible to him.
The test was then repeated to insure reliability.  Fig. § shows the changes of
attenuation required in order to keep the speech jnst at the threshold of in-

telligibility.  AIF of the settings of both tests lie within a 1otal range of 3 db.
In another test the observer adjnsted the attenuator to maintain a definite and
consistent tickle in his ear on nearly all of the stressed syllables.  17ig. 6 shows
that all 37 scitings lie within a total range of 3 (h.

It will be reeognized thot the test of intelligibility i a test of the evenness
of the general level of speech and that the test of tickle is a test of the evenness
of the peaks of speech. The evenness of the sample is equally good according
to both criteria,

A cathode ray oscilloscope was connected across the terminals oi the car-
phone bevond the matching transformer.  The level reached by the instantaneous
peaks of speech was found to he 12 db above the general (ram.s.) level of speech
(and calibrating tone) as micasured by a VU meter. It is evident, therefore, that
at the speech level of 140 db (re: 0.0002 dyvnes/cm *), the maximum level em-
ployed in the test, the instantaneous pressure of the peaks of speech was 152 db
(re: 0.0002 dynes/em®). T'he earphones lind been shown by their calibration
to be capable of delivering snch pressures without dictortion, and the oscilloscope
showed that up to this level no peak clipping or other apparent distortion was in-
troduced by the reproducing svstem or the power amplitier. It will be recalled
that the power amplifier could deliver at least 60 watts in mndistorted audio out-
put, which would produce an rm.s. sound pressure Jevel of 1585 (b under a
PDR-10 carphone. \We may, therefore, he confidemn thar at the highest output
levels employed the aconstic output was free from serions distortion.




V. PURE TONE TOLERANCE
Procedure

Instructions to subjects: The subject was seated in a comfortable chair sit-

uated within the sound chamber. Instructions were communicated directly ex-

cept in cases of scvere deafness, when the instruction microphone was used to

insure accurate understanding of directions.  The precise instructions for the

three thresholds were as follows:

Discomfort: “Yon will hear a tone which will get louder and louder.
Tell me when you reach the point where the tone is uncomfortable, that
is, when vou would no longer care to listen or when you feel like re-
moving the earphone from vour ear.  When the uncomfortable point
is reached say, ‘uncomfortable,” and I will shut off the tone.  We shall
then repeat the procedure with another tone. Are you ready 2™

Tickle: “Yon will hear a tone which will get louder and louder.  Tell
me when you reach the point where you feel a tickling sensation deep
in the ear as though a broom straw were tickling it.  Be alert only for
the tickling sensation.  \When the tickle point is reached say ‘tickle’ and
1 will shut off the tone. We shall then repeat the procedure with
another tone. \re vou ready?”

Puain: “You will hear a tone which will get louder and louder.  Tell me
when you reach the point where you feel a sharp pain deep in the ear.
Be alert only for the pain sensation.  When the pain point is reached
say ‘pain’ and T will shut off the tone. Are you ready "

In cases where the subject failed initially to comprehend the menning of
the instructions, they were repeated or elaburated with the basic point in mind
that the type of response desired was not altered.  Obviously, as the subject
became more sophisticated the necessity for repetition and elaboration of in-
structions decereased,

Frequencics tested: The following frequencies were tested: 250, $00, 1000,
1400, 2000, 2800, 4000, and 5600 cps. These frequencies were chosen because
they imvolve an adequate sample of the speech range and because thev inehde
the frequency range of all hearing iads. Al these frequencies were hest suited
to the irequency response of the PDR-10 carphone which has a2 fairlv flat re-
sponse thronghout the spectrum chosen for testing.  Exploratory teats showed
that beeause of the downward slope of the frequeney response of the PDHR-10
carphone beyond 3000 eps, tolerance Rinits conld not very often he reached in
that avewc Farthermare, below 250 ¢ps the seal o1 the earphone against the ear
i~ eriticid, N\ slight leak may mtroduce a Lage error,




Duration of cxposures and stepunse increascs of intensity: The subject was
exposed at cach frequency, starting at a level of 100 db above 0.0002 dynes/em 2
llach exposure lasted for L5 seconds and then the intensity was increased in 2
db steps without interrapting the tone,  The step intervals of 2 db were main-
tained up to 130 db,  1f the subject had not yet reached his tolerance, the step
intervals were reduced to 1 db. The duration of cach step was maintained at
L5 seconds.  The tolerance limits of somne subjects exceeded the Lmitations of
the apparatus (approximately 145 db rams. at 1000 ¢ps).  The technique of
determining tolerance limits by a method of gradually increasing intensities ap-
peared to he appropriate since we wished to avoid the complications introduced
by the sudden onset of a high intensity stimulus. .\ level of 100 db above 0.0002
dyvnes/em # was adapted s o convenient starting point. Only a few subjects
(on early tests) reported discomfort below 100 db.

Sequence of observations: The following sequence of frequencies was used:
1000, 1400, 2000, 2800, HXX), 5600, 300, 250 cps, The sequence is arbitrary but
follows orthodox audiometrie technique in commencing with the portion of the
frequency spectrum to which the ear is most sensitive.  The discomnfort thres-
liolds were first determined at the various frequencies, then the tickle thresholds,
and finally the pain thresholds.

Thresholds of acuity: Deginning about midwiay in the experiment the thres-
halds of acuity at each frequeney were determined hefore and after the tolerance
teste. I other words, the thresholds of acuity fram 230 to 5600 ¢ps were ob-
tained (using the same appariatus), then the threshold for discommfort, tickle,
and pain, {followed immediately by another determination of the thresholds of
acuity.

Order of ecars tested: The right ear was always tested first followed imme-
diately by the left ear,

Testing timcetables: Fach testing session consisted of a complete series of tol-
crance tests on each ear (test \\), followed after a ten minute rest period by
a repetition of the complete series on each e (test B). *  Au experimental ses-
sion lasted from 105 to 120 minutes,  These sessions were repeated at weekly
intervals for six weeks. This schedule allowed a comparison of the effects of
brief as well a: the much longer (ome week) intervals hetween tests,

Subjects: There were 9 normal and 10 hard-oi-hearing subjects in the pure-
tone tolerimee experiment. Tlowever, the 9 normal subjects represented only
16 cars since only ane car of cach of two subjects was used. Midwiy in the
experiment two hard-of-hearimg subjects dropped ant, leaving a total of 8 sub-
jeets (16 ears) who completed the experiment,  Tables T and 2 contain pertinent
informating concerning normal mud hard of hearing <ubjects respectively,

* A few aabjects bl ouly A tests at the autset of the ez < In a Tew caser, (he weekly seqience

wa ill!l'l’l‘lllll«l fur approsimntedy (iras nuaths after the third sessiac befuae experimentation was resimed.
These irresabaritic: are indieated in the data,




TABLE | - NorMaL SupJects For PUrReE ToNE TOLERANCE

Sex

Sublect T Awe__
U.B. 18 M
H.T. 22 F
MR, 2 M
LS. 33 F
1.D. 36 M
C.H* 38 M
AM. 38 F
H.L* 39 F
E.S. 42 F

* one car used
TasLE 2 — Harn-or-HEARING SuBjrcTs ror Pure ToNE TOLERANCE

Air Conduction Typeof  Age of Onset Losa for Use of Hear-
Subject Age S Audiogram* Deafness** ot Deafness Speech ing Aid

VB. 32 . 21216 30 .12

21226 14
. 83
38

.13
71

i

-~ o~ au-}

X
Ty
Z,

L.M. 19 14

wioe oo 0o

.13
o 08

C.B.

1 [~100 Wl
[- W 7] - |~y Wi

Y-S
jn i o 0o

51
53

.55

PRT-
L L B 00 NI w00 W

*rE e rR

36

—y

LY

s
~tlen

59
51

43
85

.44
30

A.C. 35

Nl G w Wl oy e om

1 i ten

H.]J. 37 M

1ol v &8 ovtin i o~

r-l—. 1O wn
kel o O (e ot [ fn 1~ I~ oole

LK. 20 M

b O el OOy bl
Bl ~ w8 olo 1 o
Wil 100 &6 ©»v o

xR rr e
wn o e

AS.*** 24 )\

D FE PR PR PR MO M " "X R X

. O e

L.
*Sec page 7 for explanation of figures.
**HFN—High Frequency Nerve. N -Nerve. C--Conductive. M- -Mixed.
“**Did not complete all tests,
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Results — Normals

The pure tone thresholds for discomfort, tickle, and pain were tabulated
for all subjects as a function of frequency.

Measure of central tendency: The median was chosen as a measure of cen-
tral tendency for two reasons:

1. The thresholds of some snbjects exceeded the intensity limitations of
the apparatus. An alternative measure of central tendency, the mean,
could not, therefore, be calculated correctly. As long as not more than
half of the thresholds exceeded the limitations, the median could be
found with complete accuracy.

lixtreme individual differences would have affected the average dis-
proportionately and perhaps erratically,

Derivation of threshold contours: ‘T'he three threshold contours werve de-
rived separately because frequently in the case of the tickle threshold a:id more
frequently in the case of pain, the values lay beyond the range of the upparatus,
It was, therefore, necessary to resort to diffevent statistical treatment ta arrive
at either a true or postulated contour.

In order ta arrive at the ultimate composite comtour for each of the three
thresholds as o function of frequency, it was first necessary to caleulate jor
each frequency the median vilues of A and B tests for all six sessions.  Using
these values, contours were plotted at various stages in the experiment and were
also plotted for the overall experiment.  The contours were then ¢xamined for
irregularities and significant changes in shape.  Since the irregularities were
neither constant nor significant, the curves were superimposed graphically to
vield the final contour for cach threshold.

Derivation of discomfort contowr: The following calculations were per-
formed:

}.  The mean af all medians for cach frequency was computed.

2. The mean of the median values for each frequency for sessions I and
II was caleulated. The values for these particular sessions were chosen
because the subjects had not begun to show a marked clevation of tol-
erance as a result of exposure to the test procedure.

The mean of the medians for sessions 111, IV, V, and V1 was deter-
mined. I these last fonr sessions the asymptote for elevation of tol-
erance was leing approached.

The mean of the medians for A and B tests on transfer tolerance was com-
puted. These subjects were those who had been exposed ta the speech tolerance
procedure. ‘This step added additivnal subjects to strengthen the validity of
the final results,
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“The median values on the initial test (1) were then plotted as a function
of frequency. (Fig. 7) This figure represented the (li.\'cmnfurt_L‘unlours ()f the
subjects in their most naive state. The median values on the final test .(\! lB.)
were similarly plotted to represent the discomfort contours of the subjects in

their most sophisticated state,

Tuble 3 and Fig. 7 show that irregularities in the contours are neither con-
stant nor significamt.  The shape of the discomfort threshokd contour as a func-
tion of frequency was therefore derived by superimposing graphically the curves
in Fig. 7 and weighting the curves according to the muniber of responses they
represent, It is clear from Fig. 7 that the curves representing the greatest nuni-
ber of responses (sessions 1-V'T mnd sessions H-VI) are most constant and reg-
ular. The most irregular curve (L\) represents the least number of respon-e-
when the subjects were most maive,

The discomfort contour shown in Fiy. & reveals u long shallow minimum
Jrom 1400 to 4000 cps which is approximately 6 Jb below the high points at
250 awd 3600 rps, the lowest and highest frequencies tested. This curve repre-
sents only the shape of the discomfort threshold contour and not its absolute in-
tensity.

Derization of tickle contonr: The tickle comntour was derived in precisely the
same manner as the discomfort contour although more dithcultics were involved
m the treatnient of the diata because some subjects did not report tiekle at ~ome
frequencies in amy test.  Furthermore, in ater sessions, mumy subjects failed 1o
report tickle at some frequencies and a few subjects failed 10 report tickle at
any frequency.  Fig. 9 shows that generally as the curves are more heavily
weighted in terms of number of responses they tend to become more horizontal
up to 2000 cps. It seciits reasonable, therefore, to represent the shape of the
tickle threshohl contour as a horizontal line up to 2000 ¢ps with o rise of 4 Jh
to 2800 cps aud a continued rise us the highrr frequencies are approached.
(Fig. 10)

Derivation of pain contour: In deriving the pain contour statistical difficul-
ties ruled out the use of the sume sequence of steps employed to determine the
discomfort and tickle contours.  Since a majority of subjects did not report piin
at some frequencics in any session and since a few subjeets failed 10 report pain
atany frequency in later sessions, it was neeessary to base the shape of the pinin
cotttour on the mean of the mediims for sessions I and HA only. Atthough the
datrin Table 3 and Fig. 11 are rebtively meagre it is probable that the pain thresh
old contour is a horizoutal line.

Shift of tolerance thresholds with experience: The data involving repeated
sessions were studied to observe the effect of repeated exposure to the testing
procedure. Figs, 7 and 9 show that the discomfort and tickle thresholds e
svstematically elevated s a function of number of sessions.  ‘The thresholds
weighted with responses of Iater sessions are consistently higher.  \hhongh the
=vstennatic clevation of the pain threshold is not s dranuatically evident, Fig. 11
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does indicate a rise from session 1 to HHA. The fact that the median thresholds
in subscquent tests He above the limits of the apparatus justifies the conclusion
that the pain threshold also is clevated as a function of monber of sessions.

Single indea of tolerance: tn order 1o study further the phenomenon af shift
of thresholds with successive exposures mud also subsequently to arrive at a
single quiantitative measure far each threshald, the medians af all individual
values for each freguency were computed and the mean of these medians was
used ta represent the tolerance level far each threshold.  This calculatiun was
made for sessions 1, 1L, L IV, V, iad VI, It will be noted m Table 4 that
values Iving bevand the limit of the appuratus (figures i italics) entered into
the calculation of the mean for tickle and pain.  Thercfore, the meimns given
are only approximate and the true mican mnst lic cansistently ebove the values -
dicated. Tuble 4 shows farther that as the number of sessions inereased more
vatues bevond the Hiitatons of the appioatns had 1o be used to deterntine the
approximate meas.  The timits of the apparatus depended on the characteristics
of the curphones; wuld, since it wie necessary to cliange earphiones during the ex-
periment axd since the carphones varied shightly in their characteristics, it was
impossible to use a comstant limiting valae for ~tatistical treatment. Dat, as the
shape of each of the three contowurs was fairly constannt from session 10 session,
the use af the mean as o smgle mdex of tolerance was justifiable ta study eleva-
tion &1 thre<hold e a funetion of experience,

Shift of tolerance indices with experience: It is evident fram Table + and
IPig. 12 that the three thresholds e systematically clevated as o function of
number of sessions, The :anonnt of eleviaion for the discomfort threshold
was 10,1 db front session IA 10 VI However, it is impossible to know the
amount of cltevation of the tickle and piin threshatds beeause the limits of the ap-
paratus were reached prior to sessior Vi The elevation of the tickle threshold
from sessioun LV 1o 1V was 88 b ind for the pain threshold it was 1.4 db
from T'est 1A to 1B, It is abvious, therefore, that the amennt of elevation for
tickte and pain is greater than these values,

Shift of tolerance indices within a given session: In addition to the shift of
toleranee front session to session, there was a systematic elevation withim a given
segsion, reflected i the upward Bt Teom tests A to tests B, as shown in Table
4 Ind in the dotted lines in Fig. 12, For the discomfort threshold the mean el-
evation (session I-\'T) was 44 db,

Shift of discounifort ihreshold and dispersion: 1n order 10 demonstrate fur-
ther the clevation of tolerance with experience, att of the discomiort responses
for vach of three sessiors (L 1V, VI were tddmibated in o £requency distribution.
Sessions T, 1V, and V1 were chosen beciuse they represent, respectivety, the in-
itial session, the first session after an approxinate break of three months in the
experitaent for 9 cars, aund the fimat session, Thes distribution (Fig. 13) disregards
the frequency of the stiumlating tone. Fig, 13 cle:n'l_sj_in(iic:nc.\ the upwiod
Jhift of the discomiort threshold, Session | reveals the greatest dispersion rang-
ing from 8% (b 1o greater than 1O dh. Fhe ammnber of responses indicating no
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discomfort increased with the number of sessions.  The large number of thresh-
olds that lay above the limits of the apparatus made it impossible to compute
the dispersion statistically,

A similar distribution for tickle and pain is not very informative because
of the relatively large number of thresholds which lay beyvond the range of the
apparatus, Table 5 reveals the number of these thresholds and further indicates
the progressive elevation of tolerance,

TABRLE 5 - - NUMBER oF THRESHOLDS SURPASSING THE LIMITS OF THE APPARATUS

St;snion . - . Dincomfort o ) 'k'ickle o P;iﬁ
I 41 75
IV . 143 221

V1 149 238

nditory Map — Normals

The ultimate threshold leveis of (olerance for disconifort, tickle, and pam are
represented by the asymptotes of the three curves in Fig. 12, showing the means
of cach session. By fitting the shapes of the curves previously derived to the
nearest asymptotic values, the final tolerance thresholds can now be represented
by the curves m Fig. 14,

It should be recalled that the discomfort level is represented by the niean
of a curve baving a long shallow minimum from 1400 to 4000 cps which is ap
proximately 3 db below the mean for all frequencies. Using the mean points
for cach session to determine the asymptote the wean value for the ultimate dis-
comfort lezel s 120 db.

From Fig. 12 it is clear that the ultimate tickle threshold camnot be estab-
lished precisely because the approximate mean value for later tests lies beyond
the lintits of the apparatus and, therefore, the asymptote is indefinite. A/l that
can be said is that the tickle threshold is greater than 141.9 db which represents
the last upproximate wmcan Iving belote the range of the apparatus.

The wsymptote of the pain threshold in Fig. 12 is undoubtedly an artefact
since the approximate mean as early as Session IL\ lies bevond the apparatus
hmitations. 7t is certuin, hoteezer, that the wean threshold is greater than 141.5 db.

Fig. 15 represents the auditory map using the data of Sivian and White®
for the threshold of acuity.  For purposes of comparison Wegel’s * points for the
threshold of “feeling” and an equal loudness contour at the 100 db level * are
included.  The uppermost curve labelled “threshold of pain” actually indicates
the limit of the apparatus, and the vertical arrows mdicate that the actual thresh-
old of pain lics somewhere shghtly above this line. The map suggests the follow
ing comments

1. The final levels, nezer before upproached becanse of inadeguacy of equip

went, ure surprisingly high

Fletcher, Harve ) d 1leari N 4 Noatrand Company, Inc,, 1924
W ]
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Phe shape of the discoutfort contaur is supported by 1eyel's data. The
levels sugoest that Wegel's threshold was the heginning of the tickle
sensiation, This inference s snpported by Wegel's deseription of his

instructions to subjeets,

he shape of the discoufort contour strougly sugyests thal it is o high-

lensily egual-londness contour,

Treve is no support for the theory that hiyh Firctc@Tones vre wore pain-
ful us has been suggesicd by Fleteher's caree” Nlthough hecause of lim-
iations of apparatis it wis impossible 1o obtain data {for the area around
ROOG cps, there is no suggestion of a downwird trend i the higher fre-
quencics, The veports that higher {requencies are more painful arve prob-
ably the resnli of scenumtic confusion with such sensations as “sharp,”

“picrcing,” and Mannoying.”

ludicidual THfercnees

In order o study individual differences, the subjects were ranked from
“tenderne " The mean of the nitial scores of each subject
for the cight frequenci 1< compnted {or dizcomfort, tickle, and pain.  Since
Bicetive was 1o rank the individnals with respeet to tenderness, it appeared
¢ the ramk on the mem of the combined data of both cars (where

1o tonghness,

the «
logical 1o b
available) and all three thresholds, Table 6

Nilu koorder correlation hetween the two cars on
mitial di~cornfe MO This high correlation indicates that if an indiziduoal
/ he eqnally teuder in the other car.

aal Hheesholds: Cantting three car~ which did

Nl "
Lhown i Table 6, the rank order correlation

not experience final disconitont,
il and final discomfort measure on cich ear was 16, (The low
h | veding of fmal values.y N indiciduals tewd

1 1.1
pirob e to the
the final calues plotted ou e anditory tiaf

hetween the i

negest no relation=hip bhetween tenderness
< the mean initial discomfort thresh

LSS db and T db, vespectively, sug

md tenderve

cacl Trequency
1 the experiment, but
he temporary
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loss in acuity as a function of frequency. There is an elevation of threshold
for frequencies above 1000 cps which amounts to 16 db at 2800, 4000, and 5600
cps.

Threshold measurements taken at the beginning of each session were also
compared with similar measures taken before and after the A test of the pre-
vious session. ‘The hearing losses indicated in Fig. 16 and Table 6 were detfmitely
temporary., The mean shift in threshold for the group was 9.3 db with an SD
of 513 db which indicates a wide spread among the shifts.

Results — Hard-of-Hearing

The logic and procedure in deriving threshold contours for the hard-of-
hearing was identical with the step by step development followed for the normal
group. The data are presented in Table 7 and Fig. 17.

Discomfort contour: The discomfort contonur shown in Fiy. 18 reveals a
shalloto minimum from 1400 to 3000 cps which is approximately 7 db below the
hiyh points at 250 and 3600 cps, the highest and lowest frequencies tested.

Tickle contour: Fig. 19 shows that the contour based on the greatest number
of tests (I-1°1) is roughly a horizontal line np to 2800 ¢ ps wwith a rise from that
point with frequency. The magnitude of the rise is indeterminate because of the
lhnitations of the apparatus. It seems reasomable to represent the tickle thresh-
okl comtour for the hard-of-hearing by the curve in Fig. 20.

Pain contonr: Because of statistical difficulties similar to those encountered
in the derivation of the pam contour for normals, the pain contour for the hard-
«f-hearing had to be based on the niean of the median of tests T and 1IN, The
data in Table 7 and Fig. 21 point to the probability that the pain threshold con-
tour is a horizontal line.

Shift of tolerauce thresholds with experience: 1t is clear from Figs. 17 and
19 that the discomfort and tickle thresholds are systematically elevated as a funce-
tion of number of sessions, since the curves weighted with responses of later ses-
sions are consistently higher. Fig. 19 illustrates a rise in the puain threshold from
session I to IIA; and, since curves containing values of luter sessions would le
bevond the limits of the apparatus, it is reasonable to conclude that the pain thresh-
old is also elcvated by succeessive exposures.

Shift of tolerance indices with experience: Using the single index of tol-
crance (mean of medians for all frequencies) and keeping in mind the mitations
of the statistical treatment described for the normals on p. 24, the systematic
elevation of threshold as a function of number of sessions is again shown in Fig.
22. The dip at session IV reflects a time break of approximately 3 months for
all but one subject.  The ultimate elevation of the discomfort threshold was 10.7
db.  ‘The elevation for the tickle threshold from session {-1VEB was 117 db
and for pain from session I-11A 5 db; and the ultimate elevitions must have
heen <till greater.

-— 37 --
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Shift of tolerance indices within a given session: Table 8 and Fig. 22 show
an upward shift in each session. At the outset of the experiment for the hard-
of-hearing, session 1 involved only an A test, hence the graph cannot indicate
the shift at this point. The mean elevation (session I-VI) for the discomfort
threshold within a given session was 3.2 dh.

Shift of discomfort threshold and dispersion: ‘The distribution in Fig. 23,
derived in the same manner as Fig., 12, further shows the upward shift of the
discomfort threshold with experience. Session I shows a range from 92 to
greater than 140 db. The number of subjects who indicated no discomfort in-
creased with the number of sessions, Table 9 shows the number of thresholds
which lay beyvond the limits of the apparatus and further demonstrates the sys-
tematic elevation of tolerance.

TasLr 9 - NUMBER OF THRESIO1DS SURPASSING THE LIMITS OF T11E .\PPARATU'S

Session Discomfort Paln
1 19 50 46

v 27 181
VI 4 140 175

Auditory Map — Hard-of-Hearing

The ultimate threshold levels of tolerance for discomfort, tickle, and pain
are the asymptotes of the three curves (showing the means of each session) in
Fig. 22. By locating the shapes of curves previously derived at the appropriate
mean levels, the final tolerance thresholds are represented by the curves in Fig.
24. The ultimate discomfort level is 129.1 db. ‘The ultimate tickle threshold can-
not be established precisely because the approximate mean value for later tests
lies beyond the limits of the apparatus; and, therefore, the asvmptote is indefinite.
All that can be said is that the tickle threshold is yreater than 141.1 which rep-
resents the last approximate mean lyving below the range of the apparatus, The
pain threshold is yreater than 141.2 db.

The high level of the tickle und puin thresholds sugyests that there is an
approachable and potentially useful portion of the auditory area beyond the range
of present audiometry. Consequently, some individuals who have heretofore
been termed “totally deaf” as a result of audivmetrie tests might be reached by
auditory stimulation through properly designed apparatus.

Individual Differences

The subjects were ranked according to tenderness, using the method already
described for obtaining the indices. Table 10.

Relationship of ears: The rank order correlation between the two ears on
initial discomfort was 81. These data again indicate a strong positive rela-
tionship with respect to tenderness between the two cars of a given subject.
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Relationship of tuitid «ud fiud thresholds: The rank order correlation be-
tween the initial and final discomfort measure was .03.  As with the hearing
group, all individuals tend to wpproach the find vdues plotted on the wuditory
wap.

Age aud sex fuctors: The data snggest no significant relationship between
tenderness and age. The mean for males was 185 db and for females 115.4
db, but only four female cars entered into the caleulation. The tenderest individ-
ual on initial discomfort was a male.

Relutionship of hearing loss (512-2048 cps) to tenderuess: There appears to
be no strong positive relationship between hearing loss and the initial discomfort
threshold, A few cascs of low threshold of acuity seem to have a low initial dis-
comfort threshold, but because of the relatively few cases included in a scatter
diagram this mild concentration may be due to chance factors. However, in two
subjects (LML and M.S)) where two ears differ substantially in hearing loss,
greater hearing loss is related positively to higher initial tolerance. The relation-
ship of 1olerance o clinical types of deafness will be discussed in conuection with
speech tolerance.

Relatiouship to wse of hearug aid: The data are too meagre to allow any
comment as to the possible elfect on tolerance of habitual use of a hearing aid,

Stability of Threshold of Aty .

There was no significant mean increase of hearing loss (IFig. 25) nor were
there any cases of extreme shift even of temporary character.  Observed changes
in threshold were generally within the = 5 db limit usually expected from test
1o test in clinical audiometrie measurements.

Comtparisons beteecen Novmal aud Havd-of-Hearing

Connparisons hetween normal and havd-of-hearing subjects can be dvawn
on thie bases of shiape of contours, shift of tolerance thresholds, level of thresh
olds, and the effect of the testing procedure on the threshold of acuity,

Shape of coutonrs: For the discomfort threshold the hard-of-hearing show
a greater upward trend in the high frequencies beginning at approximately 3000
It was thought that, perliaps, the ditference i ight be due to weighting, iu-
troduced by a particular type of deainess, but exaiination of individual con-
tours revealed no consistent relationsliip between elinical tyvpes and shape of
The dilterence nuiyv be die to clizmee or some factor not ohservable from
Limitations of apparatus wade it impossible to treat dispersion statis-

Cps.

cortour.

the data
tically.  The tickle comtours for the two groups show the sanie general horizoutal

character with a rise at 2800 ¢ps for the hard-of-liearing and a rise at 2000 cps
for the normals. 1t is statistically impossible to know whiether this slight dif-

ferene ' [ ) roups i probably Lo MR \

t, it is difti pre
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Shift of tolerance thresholds with experience: Table 11, containing the means
of the medians for cach session, shows the systematic clevation of discomfort
thresholds for both groups. The upward shift of tolerance within a given ses-
sion (Figs. 12 and 22) is generally the same for both groups

TABLE 11 — SHIFT oF TuRESHOLDS OF DISCOMFURT WITH1 SESSIONS FOR
NoryaL axp Harp-orF-HrARING SUB)ECTS

Tolerance Indices in decibels above 0.0002 dynes/cm 2

Sesalon I Il Hi v v v
Hearing 111.2 113.4 116.8 116.7 117.1 120.0
IT..i-of-Hearing 118.4 125.2 120.1 126.2 128.5 128.9

Level of thresholds: The hard-of-hearing show a higher final threshold of
discomfort by 9.1 db (129.1 db for hard-of-hearing at session VIB; 120 db for
normals). The significance of this difference is uestionable since the normal
and the hard-of-hearing speech tolerance groups reach approximately the sam
level. ‘The difference might be due to sampling of cither group.  Differences in
tickle and pain thresholds are not known because of hmitations of the apparatus,

Shift of thresholds of acuity: The normal group showed a greater temporary
loss of hearing (in tones above 1000 cps) as a result of exposure to testing pro-
cedure. ‘The possibility that this difference was due to the presence of high-
tone deafness in the hard-of-hearing group was examined and it was found that
the resistance to the development of temporary hearing loss was shared by all of
the hard-of-hearing subjects.




V1. SPEECH TOLERANCI
Dracedure

Instructions to subjects: ‘The same precautions, as in the previous experi
ment, were taken to insnre accurate understanding of instructions. The precize
mstructions for the three thresholds were as follows:

L. Discomfort: You will hear a nim talking :nd his speech will get louder
and louder.  Tell me when you reach the point where the speech is
uncomfortable: that iz, when vou would no longer care to listen or when
vou feel like removing the carphone from vour car. When the uncean
fortable point is reached say ‘uncomfortable’ imd T will shut off the
speech. You are not required to remember the content of the talk.
Are vou ready "

Tickle: “You will hear aoman talking and his speech will get louder and
londer. ‘Tell me when vou reach the point where vou feel a tickling sen
sation deep in the ear as though a broom straw were tickling it.  De
alert only Tor the tickling senszation. When the tickle point 15 reached
say ‘tickle’ and 1 will <hut off the speech, You are not required to re
member the content of the talk. Arve voun reals

Pain: You will hear a man talking and his -cech will get Touder anid
louder.  Tell me when you reach the point o here you feel a sharp pain
deep in the car. Be alert only for the pain sensatiom. When the pain
point s reached say ‘pain’ and T will <shint off the sprech. You are not

required to remember the content of the talk, Are vou veady 27

Stecelwaterial: The speech material consisted of a recorded siunple of con
nected diseourse from i news broadeast by Fulton Lewis, Jr. The content of
the material concerned o progressive private housing project; and, although it
was mmiformly interesting, it did not evoke any violent emotional reaction. Of
course, after repeated tests the material became horing ; bit, since the subject was
instructed o disregard the content, this Dietor could have no hearing on the e

ults. Tt s ~tanedard practice 1o discard vinvlite dises atter 30 reproductions he
cause of wear, but the experimental dises were disearded after only 12 repro
ductions i order 1o eliminate any pos<ible error from this source,

Duration ef eaposures and steproise incrcases of intensity: The dnration of
exposures ind stepwise inereases of mtensity were exactly the same as were used
in the pure tone experiment. The test material was stited at 100 db above 0.0002
dynes/em ® and inereased in 2 db steps every 1.3 seconds up to 130 db, Above
130 db the intensity steps were reduced to 1 db. Becanse of the limitation.
of the apparatus and the necessity for avoiding peak elipping at high intensity
levels, the highest intensity used was 140 db (hy VU meter) above 0.0002 dynesy
cm @,

Sequence of observations and scheduding: The speech tolerance subject
ere divided into three groups according 1o the sequence of ears tested and tin
tervils between s 1




For Speech Tolerance Group 1 the order of sequence of tests was as follows:

TEST A

Acuity
Discomfort
Tickle

Pain
Acuity

Acuity
Discomfort
Tickle

Pain
Acuity

TLEST B

Discomfort
Tickle

Pain
Acuity

Discomfort
Tickle

Pain
Acuity

TEST C
Discomfort
Tickle

PPain
Acnity

Discomfort
Tickle

Pain
Acuity

RIGHT EAR

Threshold of detectability for
Threshold
Threshold
Threshold
Threshold of detectability for

LEFT EAR

Threshold of detectability for
Threshold
Threshold
Threshold
Threshold of detectability for

Five minute rest

RIGHT EAR

Threshold
Threshold
Threshold
Threshold »f detectability for

LEFT EAR

Threshold
Threshold
Threshold
Threshold of detectability for

Five minute rest

RIGUT FAR
Threshold
Threshold

Threshold
Threshold of detectability for

LEFT EAR
Threshold
Threshold
Threshold
Threshold of detectability for

Five minute rest

speech

speech

speech

speech

speech

speech

speech




TEST D

Discomfort
Tickle
Pain
Acuity

Discomfort
Tickle

Pain
Acuity

RIGHT EAR

Threshold
Threshold
Threshold
Threshold of detectability for speech

LFEFT EAR

Threshold
Threshold
Threshold
Threshold of detectability for speech

In Speech Tolerance Group 1, therefore, there were four tests on each ear per
session administered in the pattern RLRLRLRL. Group 1 was exposed to four
sessions (I to IV) of testing at weekly intervals. Thus test ITA indicates the
first test of the second session,

For Speech Tolerance Group 2 the sequence of tests was as follows:

TEST A

Acuity
Discomfort
Tickle

Pain
Acuity

TEST B

Discomfort
Tickle

Pain
Acuity

TEST C

Discomfort
Tickle

Pain
Acuity

TEST D

Discomfort
Tickle

- Pzin
Acuity

RIGUHT EAR

Threshold of detectability for speech
Threshold
Threshokl
Threshold
Threshold of detectability for speech

RIGIIT AR

Threshold
Threshold
Threshold
Threshold of detectability for speech

Five minute rest

RIGIIT EAR

Threshold
Threshold
Threshold
Threshold of detectability for

RIGHT EAR

Threshold
Threshold
Threshold
Threshold of detectability for speech
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TEST A

Acuity
Discomfort
Tickle

Pam
Nenmity

TEST B
Discomfort
Tickle

Pain
Acuity

TEST C
Discomfort
Tickle

Pain
Acuity

TEST D

Discomfort
Tickle

Threshold of detectability for speech

Threshold
Threshold
Threshold

Threshold of detectability for speech

‘Threshold
Threshold
Threshold

Threshold of detectability for speech

Five minute rest

Threshold
Threshuld
Threshold

Threshold of detectability for speech

Threshold
Threshold

LEFT EAR

LEFT EAR

LEFT EAR

LEFT EAR

Threshold
Threshold of detectability for speech

Pain
Acuity

In Speech Tolerance Group 2, therefore, there were four tests on each ear per

session administered in the pattern RRRRLLLL.  Group 2 was exposed
to four sessioms (1 to 1V) of testing at weckly intervals,

The difference in sequence between tiroups 1 and 2 was introduced to de-
tect the developient of a “contralateral tolerance.” 1t seemed possible that a
tolerance test perfored on one ear might affeet the tolerance of the opposite ear
by making the subject accustomed to very loud sounds, but no such general
effect was detected.

For Speech Tolerance Group 3 the sequence of tests was exactly the same
as for Group 1: ie, RLRLRLRL., lowever, the time mterval hetween ses
sions was 2} hours instead of one week,  The difference i time interval be
tween Groups 1and 2 on the one hand and Group 3 on the other wis introduced
to study the persistence of after-effects of the tests of tolerance as a funetion
of the interval between sessions,

The time c¢onsumed in an experimental session of speech tolerance gen-
erally ranged from 55 to 70 minutes,
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Thresholds of ccuity were determined at the beginning of each session and
immediately following each discomfort-tickle-piin series. This was done to de-
termine what effect the exposure to high-intensity speech might have on the thresh-
old of detectability for speech. The threshold of detectability is the point at
which the subject just hears the sound of speech without regard for intelligibity.

Subjects: There were 5 normal and 5 hard-of-hearing subjects in each speech
tolerance group. There were thus 10 normal and 10 hard-of-hearing ears in
each group or a total of 30 normal and 30 hard-of-hearing cars in the speech
tolerance experiment.  Tables 12 mind I3 give pertinemt informmation for the
normal and hard-of-hearing subjects respectively,

TABLE 12 — NORMAL SUBJECTS FOR SPEECH TOLERANCE

Subject Age

Group 1 W.M. 17
21
24
25
32

Group 2 AL 21
i 21

24

24

28

Group 3 K. 20

31
41

Results — Norwmals

-
In computing thresholds for speecli «rance, as for pure tones, the median
was used as the measure of central tendeney. The medians for 10 tests on each
threshold were chosen as the meiusures ol tolerance for cach group (I, 2. 3).
The reasons for this statistical treatment, claborated in the section on pure tone
tolerance, were dictated by the upper intensity limits of the apparatus,

Thresholds for cach group, including shift with cxperience: Thresholds for
discomfort, tickle, and pain for gronps I, 2, and 3 are given in Table I4 and
Figs, 20, 27, and 28, respectively.
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TaBLE 13 — Harp-or-HEARING SuBjECTS FOR SPEECH TOLERANCE

Air Conduction Type of Age of Onset Loss for Use of Hear-
Subject Age Sex Audiogram* Deafness** of Deafness Speech ing Aid

Group 1
J.D. 17 M
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Comparison of the differcint sequences of exposure: The means (fov all tests
L\, IB...1VC, IVD) of the medians for each test for each of the three proce-
dures are shown in Table 15. The values for groups 1, 2, and 3 are nearly iden-
tical. R is clear, therefore, that the tolerance levels ave not significantly influcnced
by the the sequence of cxposure of the cars. Figs, 26, 27, and 28 show, however,
that there is a progressive inerease in tolerance with eaperience.  The effect is
exactly similar to that already described for pure tone tolerance.

TABrLe 15 —- CompaRrIsuN oF SpeEEcn ToLERANCE Groups 1, 2, 3, — NORMALS

Meuans of Medians in decibels above 0.0002 dynes/cm *®

Group 1 Group 2 Group 3
Disecomfort 126.7 124.0 126.5
Tickle 1323 132.4 132.5
Pain >139.3 >139.0 >138.1

The discomfort thresholds were further examined for any indicatiom of the
development of “contralateral toleranee.”  The first step was the calenlation of
the mean of the differences between Tests .\ on the right car mnd tests 2\ on
the left ear in group 1 (R1 . Then the mean of the differences hetween
tests .\ and B on the right ear of gronp 2 (RR ., L1 ) was computed. Fhese
means were 2,35 db and 343 db for groups 1T and 2 respectively, Statistical
treatment * showed that the probability was 85 chanees in 100 that the difference
in favor of group 2 was significant.

Although the difference in the weins of the two groups appears to he slight,
indicating the possibility of a small amount of contralateral tolerance, the fact
that the bard-of-hearing group shows a wider difference between gronps 1 and
2 supports the observation that, in general, contralateral tolerance docs not take
place.

In other words two successive exposures of the same car were likely to pro-
duce a real clevation of tolerince as detected by the second test in that ecar, while
exposurce of one car followed immediately by exposire of the other ear wis not
likely to produce man elevation of tolerance in the latter car.

Since there was no significant difference among the thresholds velated to the
sequence of or the interval between exposnres, the data for all three gronps were
combined. The means of the medians of all tests zre plotted in Fig, 2

Dispersion and shift of theesholds: 1n Fig. 30 are plotied the frequevey dis-
tributions of the thresholds of diseomfort of the entire group on the first (1.\)
aud on the last (IVD) tests. The upward shift of the threshold as o group
is clearly indicated.
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Comparison of the different sequences of exposure: The means (for all tests
L\, IB...IVC, IVD) of the medians for cach test for cach of the three proce-
dures are shown in Table 15. The values for groups 1, 2, and 3 are nearly iden-
tical. Tt is clear, therefore, that the tolerance levels are not significantly influciced
by the the sequence of exposure of the cars. Figs, 26, 27, and 28 show, however,
that there is a progressive increase in olerance with esperience.  The effect is
exactly similar 10 that already desceribed for pure tone toleranee.

TABLE 15 — CoMPARISON oF SPEECH TOLERANCE GroUrs 1, 2, 3, —- NORMALS

Means of Medians in decibels above 0.0002 dynes/cm*®

Group | Group 2 Group 3
Dixcomfort 126.7 1240 120.5
Tickle 132.3 1324 132.5
Pam >139.3 >139.0 >138.1

The discomfort thresholds were further examined for any indication of the
development of “contralateral tolerance.”  The first step was the calenlation of
the mean of the differences hetween Tests A on the right ear and tests A\ on
the left ear in group 1 (Rl ). Then the mean of the differences between
tests .\ and B on the right car of group 2 (RR .. 1.0 was computed, These
means were 2,33 db and 343 db {or gronps 1 ad 2 respectively. Staistical
treatment * showed that the probability was 85 chances in 100 that the difference
in favor of group 2 was signilicint.

Although the difference in the means of the two groups appears o he slight,
indicating the possibility of a small amounmt of contralateral tolerance, the fact
that the hard-of-hearing group shows a wider difference hetween groups 1
2 supports the observation that, in general, eomtralateral 1oleranee does not take
place.

In other words two suecessive exposures of the same ear were likely to pro-
duce a real clevation of wlerance as detected by the second test in that ear, while
exposure of one ear followed immediately by exposure of the other ear wis not
likely to produce an elevation of tolerance in the Lnter car,

Since there wis no sigmificam difference among the thresholds related 1o the
sequence of or the interval between eaposures, the dita for all three groups were
combined.  The memns of the medians of all tests 2re plotted in Fig. 29.

Dispersion and shift of thiesholds: o Fig. 30 are plotted the frequency dis-
tributions of the thresholds of discomfort of the entive group on the first (L)
and on the last (IVD) test<. The upward shift of the threshold as a groun
is clearly imdicated,
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Fig. 31 indicates a similar trend for the tickle threshold. Most subjects
on the final test approached a level between 129 and 140 db.

The initial distribution for pain (IA) in Fig. 32 shows a range from 127 to
greater than 140 db with the values of eight responses lying above the limits
of the apparatns,  The enrve for the final test (IVD) clearly shows the upward
shift of the pain threshold.  On the final test, 18 responses lay bevond the limits
of the apparatns,

Ultiwmate thresholds of tolerance: The nltimate level for cach threshold was
devived from the asyimptotes of the curves in Fig. 29 which represent the means
for cach session.  These values were 129.5, 134.6, and greater than 139.2 db for
discow:fort, tickle, and pain, respectively.  In addition, the neans for cach test
are plotted in Fig, 29 10 <how in greater detail the elevation of thresholds with
experience.

lixact values for both sets of data are given in Table 14.

Threshold shift: The amounts of elevation of tolerance irom test 1A to the
highest values of the curves in Fig. 29 are given in Table 16,

TABLE 16 — ELEVATION OF TOLERANCE rOR SPEECH 1N DECIBELS — NORMALS

Highest Value
of Mean for
Mean of Medians Individual
Tent TA ® Test ® Elevation
Discomfort 1170 131.2 14.2
Tickle 128.3 135.2 6.9

Pain > 19

* decibein above 0.0002 dynes/cm ?

It is further evident from Table 14 and Fig. 29 that there is a constant pat-
tern of clevation within a yiven session with test o vsually the law point and test
D the ligh point.  As the nnmber of sessions increases the amount of elevation
within a1 given session decrenses.  For the discomfort threshold the clevation
within session I was 7.3 db while it was 49 within session IV, .\ similar com-
parison for the tickle threshold shows a shift of 3.5 db within session 1 and 1
db within ession IV,

Comparisont of the final threshold of discomfort for speech with the anal-
ogous threshold for pure tones shows that the speech threshold is higher hy 9.5
db. ‘T'he thresholds of tickle and pain for speech fall below similar thresholds for
pure tones.  The Ihnitations of such comparisons must be horne in mind, however,
becaiuse it wias probably the peaks of speech, concentrated in a limited portion
of the frequency spectrnm (700 1o 1000 ¢ps), which determined the thresholds
for speech; whereas, the vange frowm 230 to 3600 cps was wvolved in final de-
termination of threshokds for pure tones,
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TaBLE 17 — SPEECH TOoLERANCE — NORMALS

Individual Threshold Indices in decibels above 0.0002 dynes/cm?

M
Subject  Ear Discom{ort Tickle Pain Threshold Shifi 1eari ;: 'l"oss
Initial  Final  Initinl  Final Initial Final  Discomfort Tickle Temporary
110 137 122 140 136 140 27 18
114 134 126 140 137 140 20 14

104 122 124 130 140 1490 18
114 129 130 131 140 140 15

112 130 128 131 133 139 18
112 130 128 133 134 140 18

120 135 126 131 128 136 15
122 133 126 132 126 134 11

112 133 124 135 133 140 21
114 136 130 138 136 1490 22

108 130 124 139 135 1490 22
121 130 128 137 134 1490 9

114 137 128 138 136 1490 23
118 137 126 137 130 19

112 131 133 133 140 19
112 131 128 132 136 140 19

120 132 124 134 140 1490 12
122 132 124 134 133 140 10

116 124 128 132 132 134 8
120 130 130 134 137 137 10

120 128 132 131 137 137 8
120 130 128 133 132 138 10

122 130 130 134 140 139 8
120 130 128 132 132 139 10

118 128 135 138 1490 140 10
116 130 130 137 140 1490 14

120 135 134 140 1490 140 15
122 137 133 140 140 140 15

\.IL R 120 134 132 138 140 140 14
L 128 133 135 138 140 140 5
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Figures in italics indicate values above limit of apparatus.




Subjective reports from the subjects of both experimental groups revealed
that for the speech tolerance group the tickle sensation was much more definite
than for the pure tone group. For the former group there scemed to be little
question as to the point at which tickle was experienced.  There seemed to be
some doubt on this point in the mind of the pure tone tolerance group. The
tickle threshold was lower for specech than for pure tones, rarely excceding

140 db.
Individual Differences

In order to study individual differences the sublects were ranked from ten-
derness to toughness. Rank order was dJetermined by calculating the mean of
the six mceasures representing initial thresholds of discomfort, tickle, and pain
for both ears. The rank order of subjects is shown in Table 17, In a relatively
few instances one or two of these six values kv hevond thie limit of the apparatus.
An approximite mean was computed and the rank of the subject wax determined.

Relationship of cars: The rank ovder correlation on initial discomfort be-
tween the two ears was .71 and on final discomfort, 93. If an individual was
tender in one ear he was likely to be equally tender in the other car.

Relationship of initial and finol thresholds: age and sex: The rank order
correlation between the initial and final discomfort measure on cach ear was 10,
The low correlation is probably due to the erowding of final values which are
approached by most individnals.  The data suggest no relationship hetween ten-
derness and age. I'able 18, comparing the sexes for initial and final discomfort
and initial tickle values, suggests no appreciable differences with respeet to ten-
derness,

TanLk 18 — "FHrEsHoLDS oF TOLERANCE FOR SPEECH —- NORMALS

Mean of Values, as in Table 17, in decibels ahove 0.0002 dynes/cm *

Sex Discomfor( Tickle
Initlal Final Initlal

Male 117.2 131.9 129.2
Female 116.2 131.2 127.6

Stability of Threshold of cuity

The mean hearing loss resulting from exposure to one test was only 0.4 db.
This small shift is not statistically significant, although the S of 1.36 db sugyests
a rclatively wide spread of the individuol talnes. The latter are given in Fable
18. The neffectiveness of high-intensity speech in producing even a temporary
hearing loss is probably due to the brevity of the intense peaks and the faet that
the encrgy of speech depends primarily on tones below 1000 cps. Fig. 10 shows
that acuity for these low tones was only slightly aficcted in the pure tone toler-
ance tests,
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Results — Hard-of-Hearing

The logic and procedure used in arriving at speech tolerance thresholds for
the normals were also employed for the hard-of-hearing.

Thresholds for each group, including shift with experience: Table 19 and
Figs. 33, 34, 35 show the thresholds for discomfort, tickle, and pain for groups
1, 2, and 3, respectively.

Comparisons of the different sequences of exposure — Mean levels reached:
The means (for all tests, I\, IB....1VC, IVD) of the medians for each test
for the three procedures are shown in Fable 20 and indicate that tolerance levels
may have heen slightly influenced by the sequence and the interval (RRRRLELL
vs. RLRLRLRL). Tlowever, on examination of the subjects there appears to be
a chance grouping which may well have influenced the nem levels. Groups |
and 3 were relatively tender witht later onset of deafness; group 2 was unusually
tough with earlier onset.  The presence of this chance grouping, conpled with the
evidence from the 30 hearing cars, leads us 1o helieve that the sequences, per se,
did not influence the relative effectiveness of the tests in elevating the tolerance
thresholds,

TasLe 20 — Comrarisox or Sreecn Tornkrance Groves 1, 2, 3, —
HNarp-or-Hearixe
Means of Medians in decibels above 0.0002 dynes/cm *

:roui: 2 Group 3
Discomfort ! 131.0 128.2
Tickle : 135.8 131.0
Pain . >140.0 >138.7

Data for the thresholds of discomfort were further examined by the same
techniques used with the normal group to study the effects of contralateral tol-
crance,  The means of the differences were 1.13 db and 3.1 db for groups 1
and 2 respectively,  The chances were 98 to 100 that there was a significant el-
cvation of tolerimee resulting from the exposure of the right ear in group 2,
but there was no significant contralateral tolerince from the right car to the left
car in group .

It is thus clear that two successive exposures of the same ear were likely
to praduce a real clevation of tolerance us detected by the second test in that ear
while exposnre of one followed immediately by exposure of the other ear wis noi
likely to produce an clevation of tolerance in the latter car. The data for all
procedures were then combined and the mean of the medians for all tests of all
sessions computed for the three thresholds.  The results are plotted in Fig, 36,
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Dispersion and shift of thresholds: In Fig. 37 are plotted the frequency dis-
tributions of the thresholds of discomfort of the entire group «n the first (IA)
and on the last (IVD) tests.  The upward shift of the threshoids as a group is
clearly indicated. Tt also appears that the dispersion is much reduced on the
final test. There are a few responses at the extremes representing two tender
ears of the same subject at the low extreme and one tough car at the high extreme.

Fig. 3% indicates a similar trend for the tickle threshold. The initial disper-
sion is from 103 to greater than 140 b, On the final test most subjects showed
thresholds of 130 db or higher. The initial (IA) distribution for pain in Fig.
39 shows a range from 100 to greater than 140 db with the values of eight re-
sponses Iving beyond the limits of the apparatus.  As in the case of the dis-
comfort and tickle thresholds, two tender ears increase considerably the disper-
sion for the initial and final pain thresholds.  The curve for the final test (1VD)
clearly shows the upward shift of the pain threshold.

Ultimate thresholds of tolerance: The ultimate level for each threshold was
derived from the asvinptotes of the curves in Fig. 30 which represent the mean
for cach session.  These valies toere 130, 133.5 aud yreater than 137 db for dis-
comfort, tickle, ond pain, respectively. In addition the means for cach test are
plotted in Fig. 30 to show in greater detail the clevation of thresholds with ex-
perience.  Exact values for hoth sets of data are given in Table 19,

Threshold shift: The amounts of clevation of tolerance from test I\ to the

highest values of the eurves in Fig. 36 are given in Table 21.

TABLE 21 - PLEvAaTIiON OF TOLERANCE. FOR SPEECH IN DECIBELS —
Harp-or-HEARING

Highest Value
of Mean for
Indlvidual Test *

Discomfort 121.0 131.7 10.7
Tickle 120.3 134.3 5.0
Pain 135.3 135.3 Not known **

Mean of Medlans

Test IA * Elevatlon

¢ declbels above 0.0002 dynes/cm *
% yalues us eurly as test 1B luy beyond range of apparatus

It is further evident from Table 19 and Fig. 36 that there is a constant pat-
tern of clevation within o given session with test o usually the low point and test
D the high point.  As the number of sessions increases the clevation within a giv-
en session deereises. For the discomfort threshold the elevation within session §
was 7.3 while it was 44 within session IV, .\ similar comparison for the tickle
threshold shows an clevation of 3 db within sessiom 1and 2 db within session T\,

) g
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TaBLE 22 — SreecH ToLEraNCE — Harp-or-HEARING

Individual Threshold Indices in decibels above 0.0002 dynes/cm?

Mean
Subject Ear Discomfort Tickie Pain Threshoid Shift Hearing Lnss
Initial  Final Initiai  Final Initial Finai  Discomfort Tickie  Temporary

102 114 110 118 112 120 12 8 8

R.M. o
96 116 104 116 106 120 20 12 10.3

116 126 124 130 130 135 10 6 -3.5
114 130 122 132 130 13§ 16 10 11.3

F.H.

116 136 130 139 134 140 20 9 .8
114 135 124 138 124 140 21 14 .5

E.D.

112 130 128 134 132 18 -.8
116 130 132 133 130 140 14 -3

J.M.

118 128 124 128 130 10 1.8
122 131 126 132 134 9

M.N.

AC. 116 130 122 136 131 14

118 130 130 134 137 12

A " rx® & " U X

118 128 130 130 138 10
118 126 132 131 134 8

B.M.

B.S. 118 132 126 135 140 14

120 130 126 132 140

126 128 131 133 140
124 128 135 133 137

v.C.

WO 00 Ow Wi

120 130 126 138 140
132 130 138 136 140

J.D.

128 137 138 140 140 140
128 133 130 135 136 140

S.C.

128 132 136 138 140 140
130 130 132 133 134

CsS.

126 137 137 140 140 140
128 137 140 140 140 140

R.E.

128 131 131 131 135
140 140 1490 140 140 140

130 136 138 137 140 140
135 137 135 140 140 140

H.E.

E.L.

O®w®w 00 oo Oo® wo

R
L
R
L
R
L
R
L
R
L
R
L
R
L
R
L

Figures in italics indicate values above limit of apparatus.




Comparisons of the final threshold of discomfort for speech with the anal-
ogous threshold for pure tones shows that the speech threshold is higher by the
hardly significant amount of 0.5 db. The thresholds of tickle and pain for speech
fall below similar thresholds for pure tones. These comparisons are subject
to the limitations described for normals,

Individual Differences

The subjects are ranked according to tenderness in Table 22 employing the
same criteria used for normals. Where values were greater than 140 db, the
decision on rank was arbitrary with some importance attached to initial discom-
fort values,

Relationship of ears: The rank order corrclation on initial discomfort be-
tween the two ears was .92 and on final discomfort .74. The high correlations
show again that if an individual was tender in one ear, he was likely to be tender
in the other ear. An exception to this statement is H.1Z, whose initial and final
responses for all three thresholds an the left ear were greater than 140 db. It
will be noted from H.IV's audiogram (Table 13) for this ear that he showed
a 90-95 db loss from 512 to 1024 cps with no response in the ather frequencics.

Relationship of initial ond final thresholds; age and sei: The rank order cor-
relation hetween the initial amd final discomfort measure on cach car was .57.
The relatively high correlation s compared with that of the normals may be
due to close grouping on the initial thresholds which was maintained for the final
threshold.  The data suggest no relationship hetween tenderness and age.

Table 23 comparing the sexes for initial and final discomfort and initial
tickle values suggests na appreciable differences with respect to tenderness, In
addition, the males and females are quite evenly distributed on the tenderness
scale in Tahle 23,

‘TaBrk 23 — TuresaoLd o TOLERANCE FOR SPEECH —- HARp-oF-HEARING

Mean of Valnes, as in Table 22, in decibels above 0.0002 dynes/cm*

Sex Discomfort Tickle
Initial Final Initlal

Male 120.0 129.4 127.4
Female 121.7 1320 131.7

Relationship to hearing loss (512-2048 cps): There is a slight, but not con-
clusive positive relatianship between the initial discomfort threshold and hearing
loss at frequencies 312, 1024, and 2048 cps. [t secms that the greater the hearing
loss the higher the initiel tolerance threshold.  This is shawn most dramatically in
the case of 1LE, who had a vwide difference in hearing loss between the two cars.
RAL, the subjeet with the smiallest hearing loss, had the lowest initial discom-
fort threshold.
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TaBLE 24 — TuresnoLps oF TOLERANCE FOR SPEECH — HaARrD-oF-HEARING
Grouped According to Clinical Types

Sub-Groups Arranged by Hearing Loss for Better Ear

Initial and Final Values in decibels above 0.0002 dynes/cm3

Discomfort Tickle Pain
Ear Initial Final 1nitial Final 1nitial

Conductive
B.M. 118 128 130 130 138
118 126 132 131 134
120 130 126 138 140
132 130 138 136 140
118 132 126 135 140
120 130 126 132 140
116 130 122 136 131
118 130 130 134 137
120 129.§ 128.8 134 137.5

J.D.
B.S.

AC

[~ B ol - B ol - B -

128 132 136 138 140
130 130 132 133 134
128 131 131 131

128 137 138 140 140
128 133 130 135

130 136 138 137 140
135 137 135 140 140
128. 133. 134, 136.3

R
L
R
R
L
R
L

102 114 110 118

96 116 104 116

116 126 124 130

114 130 122 132 130
126 137 137 140 140
128 137 140 140 140
116 136 130 139 134
114 125 124 138 124
118 128 124 128 130
122 131 126 132 134
126 128 131 133 140
124 128 135 133 137
112 130 128 134 132
116 130 132 133 130
Mean 116.4 129.0 126.2 131.9 129.9
Mean without R.M. 119.3 131.3 129.4 134.3 133.4

v.C.

-l -H ol el -l ol e Ak

M.

*Left ear of ILE. not included w0 tolerance thresholds reached within limit of apparatus.
Figures in italics indicate values above limit of apparatus.




Relationship to use of hearing aid: The data concerning the use of hearing
aids are too meagre and too variable to indicate whether habitual use of a hear-
ing aid might have already caused a significant elevation of tolerance thresholds
above the expected levels, Some of the major variables among hearing aid users
were the type of instrument, length of time it had been worn, hours per day
it was in use¢, and the aconstic environment in which the user spent the greater
portion of his time using the instrument.

Relationship to clinical types of deafness: Table 24,.showing individual ini-
tial and final values of each threshold for each clinical type, indicates that the
“nerve deafenced” group had the highest initial and final discomfort thresholds
and the highest initial tickle thresholds, The group with conductive deafness
came next and then the subjects with mixed types. However, subject RM,,
who was unusually tender, lowers the average threshold of the mixed group by
3.1 db for initial discomfort, by 2.3 db for final discomfort, and 3.2 db for ini-
tial tickle, If the values for R are eliminated from the calculation, the average
values for the conductive and mixed groups do not differ significantly. The
order of clinical types does not correlate with that found in the pure tone ex-
periment.  This observation is based on inspection of Table 24, since means for
each clinical group could not be calculated because many values lay beyond the
limitations of the apparatus,

The difference in order is probably due to the wide scatter of hearing losses
and the small samples. The data suggest only that the “nerve deafened” group
have the highest tolerance for speech. However, the difference in discom fort val-

ues for the three groups are least at the final session, which indicates that the
thresholds of the three types wltimately reach the same levels.

Stability of Threshold of Acnity

The mean hearing loss resulting from exposure to one test was only 0.9 db.
This hearing loss is not statistically significant, but the SD of 290 db suggests
relatively wide spread of the individual losses.  The latter are given in Table 22,

Comparisons Between Normals aud Hard-of-Hearing

Both groups showed a progressive elevation of tolerance thresholds with ex-
perience.  Although the normals showed a greater elevation for discomfort by
3.5 db and for tickle by 1.9 db (‘Tables 16 and 21) both groups reach approxvimate-
Iy the same mean threshold levels. The normals and hard-of-hearing also showed
a siiilar pattern of rise from tests .\ to D within a given session.  Neither group
showed any significant cffect on the threshold of acuity (detectability of speech)
as a result of exposure to the testing procedure,




VII. TRANSFER TOLERANCE

It will be recalled that “_.ransfer tolerance” is defined as either the increase in
tolerance for pure tones produced by the procedure of testing speech tolerance
or the increase in tolerance for speech produced by testing the tolerance for pure
tones.

Procedure

Elevation of pure tonc tolerance: All individuals (30 normal ears and 30
hard-of-hearing ears), both nory:al and hard-of-hearing, who had been exposed
ta tests of speech tolerance were tested for their tolerance to pure tones in one
session, as described in Chapter V. Thesce subjeets are designated as “pure tone
transfers.”  Those subjects in speech tolerance groups 1 and 2 were tested with
pure tones one week after their last speeeh tolerance test.  Those who had been
in specch tolerance group 3 were tested 24 hours after their last speech tolerance
test.

Transfer to speech tolerance: Those subjects (16 normal and 16 hard-of-
hearing cars) who had been through the pure tone tolerance procedure were
tested for their tolerance for speech in one session one week after their last pure
tone tolerance test, according to the procedure deseribed for speech tolerance
group 1. (See Ch. VI) These subjects are designated as “speech transfers.”

Results for Pure Tone Transfers — Normals

The median for cachh frequency was coniputed for all pure tone transfers,
Then the means of the medians for the .\ and B tests were calculated for the
disconifort threshokl. (\ similar calculation could not bhe made for tickle and
pain because of values Iving bevoud the range of the apparatns.)  Table 25 shows
their initial and final thresholds compared with the thresholds of the original
pure tone group.  When the initial discomfort thresholds of the original pure
tone group are compared with the threslolds of the pure tone transfers (exposed
to pure tones for the first tiine), the nein of the A and B tests of the pure tone
transfers is 9.0 dh.

Tanrr 25 — PUre TONE TRANSFERS — NORMALS
Mecans of Medians of All Frequencies

Thresholds of Discomfort in decibels above 0.0002 dynes/cm 2

. Text Tent
Session N. Ears A B Mean

Original Group 1 16 109.9 1124 111.2

V1 16 1174 1226 120.0
Transfer Group 30 117.5 1228 120.2
Difference between Transfer and Session 1 7.0 104 9.0
Difference between Transfer and Session V1 .1 2 2

—_—TY —




It is clear, therefore, that the cxposure to the speech tolerance procedure elevated
the initial purc tone thresholds of the transfer group. In fact the pure tone thresh-
old of the transfer group was almost identical with the final threshold (VI) of
the original group.

Results for Speech Transfers — Normals

The medians for Tests A and I and the means of the medians for the com-
plete session were computed for discomfort and tickle and related to the initial
and final sessions of the original speech group in Table 26, When the initial
discomfort threshold of the original speech group is compared with the thresh-
olds of the speech transfers (exposed to speech for the first time), the mean
of the session of the speech transfers is 2.5 db higher than the initial threshold
of the original group.

TABLE 26 — SPEECH TOLERANCE TRANSFERS — NORMALS
Mean Values for Iach Test
Thresholds of Discomfort in Decibels above 0.0002 dynes/cm 2

Test Test Mean of
Sension N. Ears Sension

Original Group I 30 1 1‘9.0 123.3 120.8

|AY 30 126.3 131.2 129.5
Transfer Group 16 120.0* 126.0 * 123.3
Difference between Transfer and Session 1 3.0 1.7 2.5
Difference between Trausfer and Session 1V -0.3 ~5.2 -6.2

Thresholds of Tickle in decibels above 0.0002 dynes/cm 2
Original Group 1 30 128.3 131.8 1300
|AY 30 134.5 1343 134.6
Transfer Group I6 130.5 * 133.0%* 131.6
Difference between Transfer and Session 1 2.2 1.2 1.6
Difference between Transfer and Sesston IV ~4.0 -13 -30

¢ Median of Tests

Exposure to pure tones, therefore, slightly clevated the witial (speceh) discom-
fort threshold of the transfer group. ‘The relatively slight positive effect is fur-
ther demonstrated in Table 26 where the final threshold of the original group is
6.2 db higher than the threshold of the threshold of the transfer group. A sim-
ilar but smaller elevation of the tickle threshold also occurs,

For our normal subjects the specch tolerance procedure was relatively more
effective in building tolerance (discomfort) for pure toncs thau the pure tone pro-
cedure in building tolerance (discomfort and tickle) for speech.

Results for Purc Tone Transfers — Hard-of-1caring

When the initial discomfort thresholds of the original pure tone group are
compared (Table 27) with the threshoids of the pure tone transfers (exposed to
pure tones for the first time), the memm of the .\ and B tests of the pure tone
transfers is 6.5 db higher than the initial thresholds of the original group,
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TasLE 27 --- PURE ToNE TRANSFERS — HARD-oF-HEARING
Mean of Medians of all Frequencies

Thresholds of Discomfort in decibels above 0.0002 dynes/cm 2

Test Teat
Session N. Ears A B

Original Group 1 20 1184 *
VI 16 126.9 130.8
Transfer Group 30 1220 127.8
Difference between Transfer and Session I 3.6 —
Difference between Transfer and Session VI ~-49 -3.0

* There was no B test for Session I

It is evident, therefore, that the exposure to the speech procedure was appreciably
effective in elevating the initial pure tone thresholds of the transfer group. How-
ever, the threshold of the transfer group and the threshold of the final session
(VI) of the original group given in Table 27 was 4.0 db higher than the thresh-
old of the transfer group, indicating that the speech test was not as effective
in elevating tolerance for pure tones as the complete pure tone procedure.

Results for Speech Transfers — Hard-of-Hearing

When the initial discomfort thresholds of the original speech group are com-
pared with the thresholds of the speech transfers (exposed to speech for the
first time), the mean of the session of the speech transfers is 6.0 db higher than
the initial threshold of the original group.

TabLE 28 — SPEECH TOLERANCE TRANSFERS — HARD-0F-HEARING
Mean Values for Each Test

Thresholds of Discomfort in decibels above 0.0002 dynes/cm ®

Test Test Mean of
Session N. Ears A B Session

Original Group 1 30 121.0 128.3 1254

v 30 127.3 131.7 130.0
Transfer Group 10 127.0%* 134.5* 131.4
Difference between Transfer and Session 1 6.0 6.2 6.0
Difference between Transfer and Session IV -3 2.8 1.4

Thresholds of Tickle in decibels above 0.0002 dynes/cm *
Original Group I 30 129.3 1320 131.1
Iv 30 132.3 134.3 133.5
Transfer Group 16 136.5 * 137.0 % 136.6
Difference between Transfer and Session 1 7.2 5.0 5.5
Difference between Transfer and Session IV 4.2 2.7 3.1

% Medians of Tests
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Exposure to purc tones, therefore, appreciably elevated the initial (speech) dis-
comfort threshold of the transfer group. Furthermore, the threshold of the trans-
fer group was 1.4 db higher than the threshold of the finul session (IV) of the
original group, given in Table 28, indicating that the pure tone tests were slightly
niore cffectize in clevating tolerance for speech than the complete speech tests.
The data in Table 28 indicate that the same observations can be made for the
tickle threshold.

The data suggest that in hard-of-hearing ears the pure tone tests were rel-
atively more effective in building tolerance (discomfort and iickle) for speech
than the speech tolerance procedurc in building tolerance (discomfort) for
pure toncs.

Comparison of Normals and Hard-of-Hearing

Fig. 40 suggests that the speech tolerance procedure was more effective in
building discomfort tolerance for pure tones in the normal group than in the
hard-of-hearing group. However, there was more elevation of both discomfort
and tickle thresholds for speech in the hard-of-hearing than in the normal group
as a result of exposure to pure tones. It is possible that the difference between
the two groups may be due 1o sanpling.  The siynificant observation, nevertheless,
is the fact that some transfer tolerance docs take place for both yroups.
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VIII. RETENTION OF SPEECH TOLERANCE

Study of retention of tolerance was confined to speech because speech
seemed to vield a sharper end point of more practical significance than pure tones.
At various intervals after the last session of speech tolerance testing, 11 normal
(22 ears) and 8 hard-of-hecaring subjects (16 ears) were retested using the
Steech Tolerance 1 procedure (Ch. VI) for one session.

Results — Normals

In Fig. 41 are plotted (at the left) the wedian values for the tolerance thresh-
olds of the entire normal group in the last session of the regular tests, indicating
the levels to which these thresholds had been elevated. The corresponding
median values for the groups retested after 6-8 weeks, 10-14 weeks, and 20-20
weeks are plotted in the same manner. It is clear that there is a slight loss of
tolerance, particularly for the small group tested after 10-14 weeks, but the
losses are not clearly reluted to the length of the interval. If all of the tests made
0 wecks or more after the end of the original series are grouped together, the
net result (means of the medians) is a loss of 1.2 db for discomfort and 1 db for
tickle.  These losses arve negligible, and we may conclude that the elevation of
tolerance is retained virtually intact for periods up to 26 weeks,

Results -—— Hard-of-Hearing

The results for the hard-of-hearing were almost ideutical with those for the
normals.  The data are presented graphically in Fig. 42, There is no systematic
loss of tolerance with increasing interval after the last regular exposure; and
the gronp as a whole, coibined withomt regard to the length of the mterval, shows
a slight but negligible rise in tolerince when retested. The 4 ears tested at inter-
vals of 20-20 weeks happened to be two of the “tenderest™ subjects (15D, and
JAL) in the original ranking (Table 223, ind their thresholds on their thresholds
on retest are only slightly below their oten hinal thresholds.

We conclude, therefore, that the hard-of-hearing as well as normals retain
efectively for at least 32 weeks the added tolerance for loud specch that they
gained during the original testing procedures,

In geneval, tolevance was wmaintained by both groups over the Hme intervals
siudied.  There was no appreciable difference in vetention for cither group.
Since the moximnm time nterval sindied was only 32 sweecks, no generalization
can be made concerning e permanency of clevation of tolerance.
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IX. METHODS OF ELEVATING TOLERANCE

When the phenomenon of progressive elevation of tolerance through expo-
sure to the testing procedure was observed, it was decided to explore experimen-
tally the possibility of deliberate elevation of tolerance through systematic expo-
sure to loud sounds.

Procedure

Speech was chosen as the exposure material and also for the tests of tol-
erance, since it was anticipated that the method might be tried at the Army or
Navy Aural Rehabilitation Centers; and it would have been easy to provide
pressings of our original recordings for such use. Also, with a view to clinical
application, it was decided to test the effectiveness of speech delivered at a level
below the tickle threshold and also at a level below the threshold of discomfort.
To compare the relative effectiveness of these two levels, the right ear of each
subject was always exposed to speech 2 db below the discomfort level of that
car, determined at the beginiug of the session, and the left car to speech 2 db
below his tickle threshold also determined at the beginning of that session.

The complete sequence of procedure for each subject was as follows:

t. Sequence of procedure for riyht ear:

TEST A

Acuity Threshold (detectability for speech)
Discomfort Threshold
Tickle Threshold
Ioxposure to 4+ minutes 45 seconds of connected discourse at 2 db below
discomfort level
Aecuity Threshold (detectability for speech)
Fwo and one-half minute rest

TEST B
Discomfort Threshold
Tickle Threshold
lixposure as in test A\
Acuity Threshold (detectability for speech)

Two and one-half minute rest

TEST C
Discomfort Threshold

Tickle Threshold

Exposure as in test A\

Acuity Threshold (detectability for speech)

Two and one-half minute rest

TEST D
Discomfort Threshold
Tickle Threshold




2. Sequence of procedure for left car:
TEST A

Acuity Threshold (detectability for speech)

Discomfort Threshold

I’xposure to <4 minutes 45 seconds of commected discourse at 2 db below

tickle threshold
Acuity Threshold (detectability for speech)
Two and one-half minute rest

TEST B
Discomfort Threshold
Tickle Threshold
lZxposure as in test A
Acuity Threshold (detectability for speech)
Two and one-half minute rest
TEST ¢
Discomtort Threshold
Tickle Threshold
lixposure as in test A
Acuity Threshold (detectability far speech)

Two and one-halt minute rest
TEST D

Discomiort Threshold
Tickle Threshold

It will be noted that the pain thresholds were never determined in this ex-
periment since the purpose was to determine the cffectiveness of sounds below
the tickle threshold in elevating the thresholds of tolerance.

The procedures ind the instructions to the subjects far the discamiort and
tickle thresholds were identical with those emiployed in the main experiment. A\t
the beginning of the “exposures” the subject was told, "You will hear a man
talking about a housing project. It will be rather loud. Relax and just listen
to the speech.,” The material was the same news broadeast by Fulton Lewis, Jr.

previously described.

The above procedure constituted the work of one session.  The subjects
were exposed to four sessions (I through V) at weekly intervals, and a session
gencrally lasted 75 minutes,

Thresholds of detectability for speech were determined at the beginning of
eich session and after each exposure to determine what effect the exposure
right hive on acuity for speech. Ten hard-of-hearing men and women who hud
not participated in the earlier tests served as subjects. Table 29 gives the per-
tinent information concerning their impairments of hearing.
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TaBLE 29 — SuBjECcTs FoR ELEVATION OF SPEECH ToLERANCE*

Subject

Age

Alr Conduction

Audiogram®*

Type of

Age of Onset
Deafness™*  of Deafness

Loss for
Speech(db)

Use of Hear-
ing Aid

AR.

21

R.
L.
R.
L.
R.
L.
R.
L.
R.
L.
R.
L.
R.
L.
R.
L.
R.
L.
R.
L.
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HFN Birth

R. 29
L. 14

~

. 16
28

. 40
42

. 85
65

82
79

54
22

54
57

60
72

59
52

P FR® PP FP FP MR PR FRE

. 47

*Group included only hard-of-hearing subjects.

*9See page 7 for explanation of figures.

***HFN—High Frequency Nerve.

N—Nerve.

C—Conduction.

M~—Mixed.
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Rexults

Fig. 43, showing the medians for the discomfort and tickle thresholds, in-
dicates that, as might be expected, exposure 2 db below the tickle ihreshold was
slightly more cffective in elevating the discomtort threshold than exposure to the
weaker sound 2 db below the dizeomiort threshold.  The asvmptotes of the curves
representing the aineans, 1313 db and 1280 db, respectively, are 2.7 db apart.
Likewise, the louder expusure clevated the tickle threshold to a slightly higher
level 1341 db and 133.1 db, respectively.

We had anticipated thiat the longar exposure to high intensity speech, either
near the discomfort or near the tickle threshold, would result in a higher mean
discomfort threshold than that resulting from the original speech tolerauce pro-
cedure, but it is clear from Fig. 44 that such was not the case. The close prox-
imity of the three means, all Iving hetween 1313 and 1280 db, suggests that the
point to sohich the discomfort thyeshold con wdtbmately rise is very definitely 1bn-
ited.  The point ss ronghly 120 J1 oboze 0.0002 dynes ¢/m *. In order to exam-
ine dispersion around this point. the mean of all discomtort thresholds for ex-
pusures 2 db below the discomfort threshold was computed (since no values lay
bevond the runge of the apparatus) and the SD of this distribution was found to
be 5.79 db which indicates rdlatively small dispersion.

It is to be noted further that the mean of the final points for both of the new
procedures combined is 129.9 ¢ b, which is {or all practical purposes precisely
the vialue derived for the final disccomiort threshold for the hard-of-hearing in
the original speech tests.

Furthermore, the curves n FFig. 43 suggest that the diseomfort threshokd
is limited by the tickle threshold whicl shows relatively little elevation with ay
of our procedures, It will be recalled that the tickle sensation for specch is ded-
inite and persistent.  The tickle thyeshold seems to be a “bioloyical constant,”
which is approached but never exceeded by the discomfort threshold.  \gain the
mean of the asymptotes of the tickle threshold for both of the new procedures,
combined is 133.6 db, which is alinost precisely the value obtained as o result of
the original testing procedure.  Dispersion for any of the end points of the tickle
threshold could not be computed becimse of nrany vilues Iving bevoud the Hmis

of the apparatus,

These results swgyest that long exposure to still weaker speech, perhaps 10
db below the discow:srr thresholds might be almost equally effective in elevating
the threshold of discomfart until it approached its limiting value of 130 db.

Stability of threshold of acwity: The relatively long exposures to high-inten-
sity specch did not significantly affeet the threshold of acuity {for speech detectabil-
ity. The mean change of threshold, measured betore and adter eich exposure,
was 0.1 db {or the weaker and 0.9 (b {or the stronger exposure,  The SDs {or
these shifts (imvolving 10 ears each) were L34 and 170, respectively. The dis-

persion measure i~ not very meaningful becanse ot the small samples and ihe
alues are within the 5 db margin of error that is considered allowiuble in clin-

ical audiometry.




X. SUMMARY

The thresholds of discomfort, tickle, and of pain produced by pure tones and
speech were determined in approximately 16,000 observations on 46 normal and
-16 hard-of-hearing cars, the latter representing a fairly balanced distribution of
clinical tvpes of deafness. Table 30 summarizes the number of tests for the vari-
ous experimental procedures,

TaBLE 30 — SuMMARY
Pure Tone Tolerance

Number of
N N Sex Age Threshold determinations
Subjects  Ears Range

Discomfort  Tickle Pain

Originai P.T.T. Group

Normals 16 511\7/1 18-42 1392 1392 1392
6
Hard-of-Hearing 20 4F 19-41 1520 1520 1520

Transfer Group
8M
Normals 15 30 7% 16-40 480 480 480
10}
Hard-of-Hearing 15 30 SF 17-38 480 480 480

oS
TOTAL 49 96 21F 16-42 3872 3872 3872
Total Pure Tone Tests o 1616

) Sﬁégé:h_Toleran_éé-

Original S.T. Group

8M
Normals 15 30 13151 16-40 480 480 480
Hard-of-Hearing 15 30 SF 17-38 480 480 480
Transfer Group
2ransier Lrroup AM
Normals 16 ggl 18-42 64 64 64
Hard-of-Hearing 16 3F 19-41 64 64 64
Retention Group
T o 6M
Normals 22 SF 88 88
4M
Hard-of-Hearing 16 4F 64 64
Elevation Tolerance
i culnt DRl s o
Hard-of- Hearing 10 20 SF 320 320
- ST owooSE o s
TOTAL 76 150 34F 16-42 1560 1560 1240

Total Speech Tests 4,360
‘TOTAL

R L5:97

e e ——

‘Lhe«inttial pure tone thresholds for pain and for tickle he at about 140 db
and 133 db above 0.0002 dynes</cin 2, respectively, for all frequencies from 250 to
5600 cp~  The median threrholds are higher for the normal than for the hard-

-93- .




of-hearing group owing to the presence of more “tender” hard-of-hearing indi-
viduals reporting tickle and sometimes pain between 120 db and 130 db.

The contour of the threshold of discomfort approximates that of an equal-
loudness contour and shows a broad minimum (3 b below the mean) between
1400 and 4000 cps. The inttial median threshold for the normal (110 db) lies
below the threshold for the hard-of-hearing (118 db), but there is great disper-
sion, particularly among the hard-of-hearing.

Similar determinations made with carefully monitored (recorded) speech
gave a similar et of values given in Table 31. Tickle is a more constant phe-
nomenon for speech thin for pure tones and has a lower threshold as measured by
a VU meter, but pure tones cause discomfort at lower intensities in normal ears
than does speech.

The thresholds of discomfort, tickle, and pain rise systematically and sig-
nificantly, with successive test sessions either daily or weekly, and approach lim-
iting values after several test sessions,

TaBLE 31—IN1T1AL AND FINAL TnresioLns or NorMALS AND HARD-oF-HEARING
rorR Pure ToNrEs AND SPEECH

Mean of Median Values in decibels above 0.0002 dynes/cm *

: Discomfort Tickle Pain
Normals Initial Final Initial Final Initial Final

Pure Tones 109.9 120.0 >133.1 >1419 >1401 >139.2

Speech 117.0 129.5 128.3 134.0 1379 >139.2
Hard-of-Hearing

Pure Tones 118.4 129.5 1294 >141.1 >1363 >1413

Speech 1210 130.0 1293 133.5 135.3 137.0

The increased tolerance is largely but not entirely rctained after an interval of
a week, and more than half of the increase is retained for at least 26 weeks for
the normal group and 32 wecks for the hard-of-hearing group.

Development of tolerance in one ear does not increase the corresponding
tolerance of the other ear of the same individual, In the normal group exposure
to speech testing is as cffective as exposure to pure tone tests in elevating tol-
erance for pure tones. In this group the pure tone tests are only one-third as
effective as the original speech tests in elevating tolerance thresholds for speech.
A reverse relationship exists for the hard-of-hearing.

Tolerance may be developed effectively by exposure 1o loud speech at a level
just below the threshold of discomfort for several minutes a day at threc or four
weckly intervals.

lixposure sufficient to produce maximal elevation of the tolerance threshold
causes at most only a small transient rise in the threshold of acuity.

—9 —




XI. GENERAL OBSERVATIONS AND DISCUSSION

After each test throughout all experiments, the subjects were asked to com-
ment on how they felt as a result of the exposure to the tests. Tn about half
the cases the subjects made no comment, In about 75% of the comments which
were made, the report mentioned a “tickling” sensation. ‘The next most fre-
quent comment was "'buzzing” (tinnitus) and “fullness in the ear.” About 3%
of the reports suggested “dizziness.,” Two subjects in carly experiments on
pure tones reported a feeling of nausea after the exposure. In all cases the con-
ditions were temporary, disappearing usually a few minutes after the test. In
two individuals, the feeling of “fulluess” did not disappear for a few dayvs. The
subjects were unusually cooperative and were probably motivated by the feeling
that despite their handicaps they were making a unique contribution to the war
effort.

Those subjects who were habitual hearing aid users all reported that the ex-
perimental electro-acoustic system was far superior in quality to their own hearing
aids, even when the subjects were perfectly satisfied with the latter. The com-
ment, "1 wish 1 had a hearing aid like that” (the experimental apparatus) was
practically universal. This confirms the report ' of the Psycho-Acoustic lab-
oratory that a high fidelity system is most desirable in a hearing aid regardless
of any theories concerning “selective amplification.”

The data indicate that 130 dby appears to be the greatest useful maximum
output of a hearing aid. The phenomenon of progressive elevation of tolerance
with exposure to high-intensity stimuli suggests that preliminary determination of
the tolerance threshold in the clinical seleetion of hearing aids should allow for
an eventual rise in the tolerance threshold.  Moreover, clinical practise should
be dirccted toward clevating the tolerance threshold, since the high level of tol-
erance thresholds reached experimentally suggests that there ix an approachable
and potentially useful portion of the auditory area bevond the range of present
audismetry.  Consequently, some mdividuals who have heretofore been termed
“totally deaf"” as a result of audiometric tests might be reached by auditory stim-
ulation through properly designed apparatus,

— et

$ OSRD Report, Design Objectives for Hearing Aids, (In press)
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