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Te great variability In the susceptibility of different peracons

try imptlsLes, probably due to var ation in the behavior of the
audicory refVex, suggests that damage risk criteria for impulse
nosie r st te designed to pr'tect those persons with ears f.
vrnre s.nsitive than those possessed by the average person.

JInd.,?Inoual differences in ea-ceptibility to auditory fatigue are
nuch v reat or rr imp-.ae !hsc. faor steady state noise.I
One of the experiments curducted revealed that persons susceptible
to asidltvry fatigue from impuWae noise were not necessarily more
or 1s susCOeptibl.e to !ady state noise.
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Note: Copies of this report are filed with the Armed Services
Technical Tnformation Agency, Arlington Hail Station,
Ar]lirgton 12, Virtnia, and may be obtalned from that
agency by qualified investigators working under Government

K I ontract.
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to DJepulnes, probably due to variations In the behavior of the
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The gres'. variability in the susaeptltlity of different persons
to impulaos, robably due to variation in the behavior of ths
cudltory rarex, suggests that damage risk criteria ror impulse
noise must be designed to protect those pasons with ears tar
more senattiv than those poseessed by the average person.
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STUDIES OF TEMPORARY j'I!RESiIO SIIFT CAR=W

BY 111011 IINTENSIV ACOUSIC TRANSIENTS

Norman L. Carter and Karl D. Kryter

Bolt Baranek ane. Neinwn Inc.
50 Moulton Street

Cambridar 38, Maseachusetts

INTRODUCTION

The re:,ant eeries of experimonts £ollow from a re: -mIn ary

study described in BB; Report No. 9161. That stadg, now
ca1ld ;Experiment I, was concerned with the effect of pulse

repetition rate (pulses per second) and the number of pulses

upon thresholds for pure tones in the frequency range of 2500

to 10000 cps. Each j'-Ie hnd P trianDular acoustic waveform,
with a rise time of 0.5 millisecond, duration 1 millisecond

and peak sound pressure level 163 db re .0002 icrobear.

Pulse rates used were 1, 5, 1U, 20, 40 and 80 pulses per sea-
ond (PPS). The numbers of pulses tiaer 5, 10, 20, 40 and 80.

That study allowed the following tentative conlusione:

(1) the frequency of maximum loss Ls in the region of 4000-

5000 cps; (2) the repetition rate mos likely to produce
temporary threshold shift was 1 PPS; and (3) the T lnweas-I

with the number of pulses.

One feature of the results was that even though the hearing
louses were for the most part small and unrellable, there was
no doubt that those moderately large losses that did take place

were ".-cl" and not artifacts of the hearing tests. It was

I
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I supposad that the explanation for this might be that people

have "thresholds" for acoustic trauma afrtilar to absolute

1 thresholds for hearing, and that apart from day to day varia-

tions in the ear there is an "acoustic trauma threshold value"

f of X number of pulses for each person (assuming other relevant

parameters such as repetition rotc, peak to peak lovel, rise

time, etc.,, are constant). If this were true the variability in

the results of Experiment I could be due to the characteristics

of the particular subjects involved as well as the particular

values of rise time, duration, repetition rate, number of pulses

and peak to peak level that wore used.

The assumption of an acoustic trauma threshold for pulses also

implies that onco this threshold is reached, T'S will show the

same function of number of pulses for all normal ears, regard-

less of their particular ATT values.* If this is so, then
prolonged and expensive experimentation would be avoided by

selecting subjects from the low end of the ATT continuum.

I:

*In this discussion the type of function of .TS above AT? for
any parameter had not been mentioned. It may be continuous or
a step twiotion (e.g., 0 db to X db Ti's) for any parameter.
This and other experimentel problems, such as the relation of
ATT to other auditory thresholds, are considered in experi-
ments reported below.

1 -2-
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j EXPERIMENT I

Cursory exomination of the data of Experiment I suggested that
an average of one out of four nor-a-l hearing young adults could

- te expected to show moderate hearing losses (over 20 db) 30 sec-
onds to two minutes ofter exposure to d0 triangular acoustic
pulses (0.5 milllsc,;ond rise time, 1 millisecond duration, 168 db
peak to peak) at a repetition rate of 1 PPS. Accordingly it
was ant.cipntea that if such an exposure were given to 60 col-
lege students 15 of them would show losses greater than 20 db.
Cautl3n dictated, however, that in the present context, where
large numbers of stibJects are involved and the range of sensi-
tivlt, .o this stimulus is unknown, subjects should first be
expoj-d to 40 pula.os only, at lower peak to peak levels. The
number of pulses, and possibly their level, could then be in-
creas,3d for those subjects showing no signifirant threshold
shift, until a criterion (say, 10 db TTS) was reached.

>..panatus and Procedure

The apparatus used In generating the acoustic stimuli has been
doscr:Lb.'d in detsil in a previous report. It consisted of an
arbitrary1 function generator, or photoformer, capable of gener-
ating any desired electriual waveform (voltage by time), an

* amplifier for amplifying and controlling the peek voltage and
* a small. high Intensity loudspeaker (KLH 6.5) mounted on a
.1 headbanm and held firmly against the subJect's head during

exposure. The :ovol of the acoustic pulse was measured by
placing the earphone on a dummy head with a microphone (Alteo 21
BR 200) in the simulated ear canal and leading the output of
the microphone to an oscilloscope (Dumont type 304 AR). The
vertical axis of this scope was previously calibrated using a
BN acoustic calibrator (308-C-3). The rise time and duration
of the pulse were read off the scope in a similar way, after

1 -3-
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I calibrating the horzontal axis with a 1= cps sine wave.
Photcgraphs of the photoformer mauk, 4lectrical output of the

I amplifier, and the acoustic pulse as shown on the oscIl..scope
are presented in Pig. 2.

I 1e)aring 103sa3 were m,asured by a subject-oporated Bekesy audio-
meter (Orason Stqdler t.ype "-800). As in Ehperiment I teast were

I made be.tore end after exposure, but it was decided to drop the

metho% f recording hearing losses in teruls of a single "loss
aub,?r," as was done for xp.oriment I, in favor of the usual
ilethol of db tlwoshold shift at each teat frequency.

- Cest trcquencics were 2000, 11000, 8000 and 500 cps, tested in

;1hat ortler for 30 seconds each, before and after exposure. The

-Cirst frcquency teated after the train of high intensity pulses

was 2000 cpa, begun 30 seconds post exposure. An is usual In

thir type of pure tone threshold, audiometry threshold at any

frequency was the average of the midpoints of the excursions

over -.he time the frequency was -ested.

I ?orty-five normal hearing college students (29 male, 16 female)
were exposed to the acoustic transients In the sequence, and at
the levels indicated In Table 1. In some Instances the pure

tone thresholds were tested a second time after exposure. This
generally indicated that the losses were "real" and not due t,
some artifact connected with the subject's Inexperience with

audiometry.

Results
7we results presented in Table 1 confirm that there Is a con-

siderable range In the susceptibility of young adult -5"ibjeets

I to TTS induced by this tne of "Impulse" noise. Large individ-
ual differences in susceptibility to impulse noise can also be

-4-
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seen :Ln Fig. 2 fhei" I'or the 615 ;vubjects we have plotted the

dWstribution of uhesholds following exposuro to Impulse noise

and ie diatri;ution of pre-exposure thweoholds. ?.-lior val-
ability amone subject3 with respect to their susceptibility to
audit .ry £a tirue from acoustic impulses was found by Wand et al 5 .

Thu scond alm of Lhia :Apcri;nont was to seleot subjeats for

later wvrk. Eighteen of the 45 subjects of Table 1 show a greater
than .10 db loss at one or m.e freq';nncies following 120 pulses

(or lst) of 166 db peoal to poalc (or lower). These subjects are

indicato.d by an astorlsk; the Initialled urmbers are the subjects

wh p.,ov'ed availuble for the later experizmnts.

l I
1 .5r.
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MCMD(M T III

Experiment I indicated, as might be expected, that TTS increased
as a function of the number of pulses. The present study was
intended to get quantitative data on the shape of this function.

Apparatus and Procedure

The appuratus for producing the stimuli and determining pure

tone thresholds was identical with 1amt used in the Experiment 11

condition. Rise time of the pulaos was again 0.5 millisecond,

duration 1.0 millisecond, and repetition rate I FP8. Me audio-

metry was also similar. Pre-exposure threahold& were the mean

of at least two audiograms giving threshold as a continuous

function of frequency from 2000 to 10000 cps. Eaoh audiogam

took 70 seconds to complote. Post-exposure audlogama were be-

gun 30 seconds and usually also 3 minutes after the last pulse.
Audlogrnma were also run 6, 12 and, In many cases, 24 minutes

post exposure If recovery was not complete and the schedule

allowed. 16 subjects were used. 14 of these a" shown with
Initials and asterisks in Table 1. Subject number 43 was not
available, but was replaced by a non-sensitive subject (B.S.)

to increase (hopefully) the vaziance in our sample. One other

subject (T.H.) was included because of his experience of audio-

metry in other experiments and because an Initial exposure give

I siig .soent Ti'S.

The experimental procedure consisted of repeated exposures for
each subject (one day between exposures) In a trial and error

apprach to a criterion maximum threshold shift of between 30

and 40 db in the first audiogram after exposure. The usual

method was to guess at an exposure capable of minimal signLf1-

cant 12M (i.e. the ATT fr number of pulges) using, in al but

I
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two Instances,* a peak to peak pulse leval of 168 db. It the

criterion TTS was reached quickly, the number of pulses was

dropped in the ratio of 3/V4, 1/2 and 1/4 that number; other-

wiue the procedure was to Inorease the number of pulses during

subsequent exposures.

Resuto

The foregoing experimental procedure resulted in measures of

temporary threshold shift at 13 frequencies 30 to 95 seconds

after exposure, 18C to 245 seconds after, et. depending on the
frequency measured and the post-exposure audiop's.. In order
to compare our data with those reported by other investigators
It was decided to uze recovery curves previously detexalned
from exposures to steady state noise to estimate the htering
lose two minutes after exposure, from the first post-exposure
audiogram. The curves used for this are given In Fig. 3.

Me extrapolated TTS 2 values were plotted Am each subject as
a function of the number of pulses in the exposme. Separate
figures were prepared for test frequencies 2000 ape (mee Ai. 4,
6, 8) and the means of T2 at 2200-2500 cps, 3000-3500, 4000-
4500 (see Fig. 5, 7, 9), 5000-5500, 6000-7000, and 8000-9000 ape.

1
Dta already given have shown that wide Individalu d1fferences
exist in susceptibility to impulse noise. Preliminary examinw-
tion of the present data Indicates that tis is true even for the
selected group of 16 subjects used in the present study.

*One subject (B.K.) objected to peak to peak levels above 162 db
on the gounds that they hurt. The other (W.B.) proved highly
susceptible to the pulses. Pulse level was, teatmore, dropped
in W.B. 's case to 156 db peak tG peak and the experent con-
tinued *a with the other subjects.

1 -7-
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J For this reason the results from the 16 experinental subjects
were divided into three groups. Results for the six most sensi-
tive 8ubjectz are plotted in Figs. 4 and 5, the three next most
sensitive in Flgs. 6 and 7 and for the seven least sensitive in
Figs. 8 and 9.

Clear association between number of pulses and TTS2 at any fre-
quency is present in only the first two of these groups, total-
&Ing nine subjects. Data from the zmining seven subjects
(Figs. 8 and 9) are not include-in the figures following Fig. 9
becauo they show no signifioant hearing loss.

The considerable degree of variation still present within. each
group suggested the further classification of the two most sen-
sitive groups Into four sub-groups. 'e most sensitive sub-
group now comprised subjects W.B., C.O.; the second most sensi-
tive, subjects S.C., W.1., D.M. and W.R.; The third, subject
H.P.; and the fourth most sensitive sub-group, subjects J.H.,
B.K. Nean TTS2 at each of the test frequencies were plotted
for each of these four sub-groups as a function of the number
of pulses. Examples of the test frequencies of 2000 and mean
of average and 4000 and 4500 ape are presented In Figs. 10 and
11. 7he smoothed curves fitted visually to these data are re-
drawn In F-gs. 12-15 for each frequew, and each sub-group. Mw
curves are superlposed In Fig. 15 and aver ge curves over al.

I. test frequencies drawn for each sub-group of subjects in MSg. 16.

In setting up the experimental procedure and Initial plot of the
data of Ntperiment III three assmptions were made. First It
was assumed that a series of impulse-type noises &o*t cumoLatively
in podro Ang tamporary thresheld shift, I.e. that hearing lose

r-8-
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J can result from a ecries of otherwise harless impuls~ve uises

if they occur close enough together in rime. Second, it was
T assumed that indivldual differonces In the amount of TTM2 fol-2

lowing a series of acougtic pulses were due to differences In
the ratuter of pulses necessary to produce initial threshold
shift. The number of pulses thought to be necessary to produce
temporary threshold shift persisting for two minutes after ex-
posure was called "acoustic trauma threshold (ATT) for number of
pulse'." The third assumption wsa Lhat the rate of increase of
* "2 ea the number of pulses is increased is the same for all
ears once the critical number of pulses known as NATT for number
of pulses" was reached.

!lie fact timt all of the smoothed curves of Figs. 12-16 are
exponential In form suggested that a family of cures of the

same general form could take account of the diversity of the

data and still provide a general account of the relation between
TTS2 and number of pulses.

Our assumption that the function relating "nner of pulses and
TTS2 is the sme form for all individuals can be maintained
while still keeping a good fit to the data 'y use of the sot of
curves illustrated in Fig. 17.

The plausibility of this as a general hypothesis of the releton
between number of pilses and TTS2 was aided somewhat by the fact

that in extrapolati ng the uppermost cuve the line can be mado

A to merge quite easily with the 50 db level, cconly taken as
the point beyond which the likelihood of permanpnt damage Is

j increased. At this level also the rate of recove, of TTS 2

., redue acl "  While the reasons for these pbonomena are

obsaure, bhefr occurrence after "T'T" of 50 db or more suggests

* -9-
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that Wh13 Is the "thr-eahold" of wrmanent damge, which may have
a different mac.har.im to T1S, and produce a curve of different

1 ohpe t the rat'e: complete appearing pattorn of curves suggested
In F4;. 17.

Comparlscn cf P13. 15 and 16 shows the general similarity of
the curvea with those in the hypcothetical case of Fig. 17.
Such curves are 3enerally known as Oumpertz curves, the ganeral

equation of whih £orm

a vgX

I.e. the dcpendant variable is c double exmoential function of
"X, an. V ia ! constant which givc3 the hypothetlcal or empirically

deterarned upper limit for Y. The eqatlon generates both the
negitively acc,larating function shown by our most sensitive

* subjects and an initially positively accelerating function, de-
pending upon whether or not the constant g Is more or less then

Ir. both cases g and h must be fractional and positive to
give the initially positively accelerated and then negatively

accelerated functitns suggested in Fig. 17. In the present
context Y and X are the variables TTS2 and number of pulses re-
spectively, V is the empirically determined (or guessed) 50 db

- upper limit of TI'S2 , Z in the Y Intercept, or amount of TT3 2

- after a single pulse and h is the rate of g'owth of TTI2 with
number of pulses.

Tests of this hypothetical relation are given In PisL. 18 and 19.
Mhe data points of Pi3 . 18 are the averago T32 over all test
ftequencies (2000-9000 cps) for designated groups of subjects
as a function of number of pulses. Fig. 19 gives the sam in-
formation for average TTS2 at 4000 and 4500 cps. X1 is the

i point of inflection of the smoothed curves, i.e. that valut of

1 -10-
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I X at which tho curve changes from a positively to a negatively

accelerated slpe. It is noteworthy that this occurs In all

I oases at about 17.5 db TTS2.

SFor three out of the four sub-groups (sever of the nine subjects)

* the second exponent h ia very close to the sae value (.982).

The nam exponent for the fourth sub-group avermges .950. The

relatively smll degree of variation in this exponent, which

represents the rate of growth of TTS2 with mmber of pulses, is

regarded as Justifying the original assumption that the rate of

growth of TTS2 with number of pulses was the same for all ears

regardless u their "acoustic trauma threshold."

Since the smallest number of pulses to which the ear can be

exposed 1 9 one, the constant "g," or the point of origin of, the

growth function, Is the proportion of 50 db T32 produced by a

single pulse. It is interpreted roughly as the extent to which

the subject's ATT's hae been overreached by the peak to peak'

SPL's of the parto.cular pulse used in this experiment. In this ,

sense it is a masure of individual differences in suscepti-

I bility.

Most of the difference between the smoothed urves of Figs. 18 and

19 can be attributed to variation in this constant, supporting

the third assmption that the source of individual differenc&I

is in the point at which TTS 2 first appears rather then the rate

at which it grows after the subject's "acoustic traum threshold"

I is reao ed. It is Important to note, howeve, that the equation

Y M Vgh implies that if "g" equals zero (there being no loss

I after a single pulse) TTS2 will continue to equal zero no mttar

how rany pulses are presented. This implication is confimed

empirc eally in our data by the failure of seven of our sixteen

-n
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I subjecta to show tiinificant TM after as many aa 200 success-
ive piluea. Our Lecond assumption that individual differences

j consist In part ot the number of pulses necessary to produce
Initinl threshold thift should therefore be dropped in favor of
specifyiing the ATT In terms of parameters of the sincke pulse
necebary to produce an infinitely small but significant TTS2
and hence "e." In prnctice this will, of course, involve ex-

I posini; some subjects to more t."an one pulse, unless the methods
of detecting TrIS are Improved.

2

The usel'ulness nf these values of "g" as a measure of individual
susceptibility to this type of pulse In limitod, since the par-
ticular values derived In this experiment obviously apply only to

this repetition rate and peak to peak levels. In order to derive

a scale of susceptibility to this type of pulse which would be
applicable to all people it would be necessary to know the low-
oat level at which a pulse of the type we are using was capable

of producini; some TTS2, no matter how small, in the least ss-
ceptible ears. The same exposure could conceivably produce the

EmxImum (50 dbl T1"32 in some ears, whose "g" would then equal

one. Presumably there would be a distribution of TTS2 between

these limits, and hence a dis$nibution of "g" to be entered in
the equation TTS2 - 50() "9 . If, for example, 8 showed a
"TS of 8 db following exposure to one pulse at this level, then

it cotld be calculated that his TT9 2 after 80 ruch pulses woull be

-r M2 - 50(.16).980

M 50(.16)'2333

- 32.6 db.

I -12-
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3 Such a calcu!,ation procodure would still tv limited to triangular
acoustical waveformoi with a rise time of 0.5 millisecond, dura-
tion 1.0 mIllisecond, and a repetition rate of I PPS. It would
also apply to only one peak to peak pulse level.

I Jbwever, ariving at the corrections to be appl-ed for alters-
tioss In peak to peak level of the pulse, rise time, and dura-
tion should be relatively straightforward, and work is progess-
Ing under U. S. Army sponsorship at our laboratory and elsewhere
on these queatlons. P1wther confirmation of the 50 db "guessed"

safe" uper limit Eor TTS is also ro"uired. Although we feel
J1that the kpothesls developed above for growth of TM' as a func-

tion cf the number of exposures may have promise as a general
description of the growth of TTS from acoustic. Impulses, it is

put forth here as but one possibility worthy of discussion.

'4In an exploratory study on TIS fromepulses, n ard et I caon-

cluded that the growth of TTS for moast frqumacies Is Linear
with time, or nmber of pulses when given at a constant rate.
We are not at all sure that the fitting of straight lines to

our data to indicate a linear growth in TI as a fuction of
number of pulses would not ultimately prove to be the beat pro-
cedurc. The necessity of averaging date such an owe acros a
limited number of subjects can easily result tn mialsedIng,
though suggestively Interesting, cwvetu'ss.

I
I

I :
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I EXPRIf4T'2 IV

This exp rlment was designed to explvre the effect of peak to

peol: pulse level upon TTS2 . The audiometric test procedure

was the same a that used in the previous study. The subject*

- were ;he nine most sensitive subjects (W.B., C.G., S.C., W.H.,

D.N., W.R., H.P., J.H. and B.K.) of Experiment III.

f or this study we exposed the subject3 to impulses at peak to

peak uoimd pressure levels of 156 and 162 db. Comparable data

for a level of 166 db was available from the results of Experl-

meAnt IlI. All other variables, including the number of pulses

and the repetition rate, were held constant.

Results

Examples of the results of this procedure are given in Figs.

-, 20 and 21. TMh hearing losses, from first audiopazm begun 30

seconds after exposure, were corrected to 2 minutes post ex-

- posure try using the recoveryj curves of Fig. 3.

While the data for each subject and test frequency shown many

inconsistencies, the mean TI! 2 over all subjects end test fre-
J quencles, as shown in Fig. 22, appears to be linear, and to In-

crease 3 db with each 6 db increase In peak to peak level.

I14
I
!
I
* -114-
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EXPIEIMO4T V

The final exporimcnt in 'Uhis series was undertaken because o the

wide difrarences ohaerved betwecn subjects in amount of TTSo2 fol-

2owing comparable exposures to trlangAlar pulses, dLfrerences

which appeared to be greater ' han tk-se commonlr found following

exposure to steady state pure tones or octave band noise. Because
our subjects were acluct'd on the basis ol' suscptibility to im-

pulso typoe noise, * this exp.riment was aimed at finding out the

Idenee of correlation between susceptibility to Impulse noise and

octave band noise rather than at estimating the size of the vari-

J ance in TM 2 due to the two types of noise in Lhe population at

large.

- i lxteen subjects used for "zperiment III were exposed to

10 minutes of pro rucorde octave band noise in the frequency

,-ige l200-2400 cps. The noise was obtained from a OR noise
generator and altered to a cutoff characteristic of 36 db per

j octave. The overall sound pressure level of the exposure In all

cases was 110 db, as measured in the ear canal on an artificial

Jhead.

Audiometric procedure was the same as in Experiments III and XV.

The first audlogram after exposuru began 30 seconds post.

I Results

Hearing losses, ''2' at 2000 and 4000 cps are gLven in Table 2.

Also given In Table 2 are: (a) the estimated average TI at
2000 and 4000 cps following exposure to 60 Impulsea at a level

I of 168 db (these estimates are derived from the data in Figs 4-g),

*However, because of the small degree of TTS observed In most
persons in our selectio:" test (see Table 1), we are not certain
that our "moderately" sensitive subjects do not really represent
the average of the general population.

-15-
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(b) the rank orders of the average ?1 for the two noises, and

() the rank order correlations for the average of the TTS values

3 for 2000 ond 4000 cps and for other test rrequencies.

These cocfficiants indicate no zgnifiicant positive correlation

in tbese 16 subjects betwsoen sunceptibility to the impule type

noise and hearing losses due to noise in the octave band 1200-

I 2400 cps. Although the pattern of increasingly higher ngegtive

correlations with test frequencies is perhaps Interesting, the

Shighest correlation nt tozt frequencies 8000-9000 cp Is negs-

tive and accoints for only 25% of the variance.

The results of this experiment show a striking difference be-

- tween the ranges of individual differences in ausceptibility to

impulse and steady state noiee. This is shown In Fig. 23 where

we see that a difference of about 20 db separated the largest

and smallest TTS following exposure to steady state noise in
contrast to a range of about 55 db for 'mpulse nolse. It Is
interesting to note that the range between the least and most

sensitive ear is about the same for the pre-exposure thresholds

(see Fig. 2) as It Is following exposure to steady state noise.

The most obvious, but as yet unproven, explanation for this

greater variability is, of course, that the auditory reflex

relaxes at different rates for different subjeots or oonverso,.7,

is not as readily elicited in some persons as in others. Al-

though it is believed that the muscles involved in the auditory

. reflex relax in the typical ear in a matter of a few hundred

milliseconds, our data suggest that in the "tough e " ears per-

hops the muscles are at least partly constricted after as long

as one second, thereby affording some protection from succeeding
Impulses given at the rate o: 1 per second; whereas in our

* -16-
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"tender eared" subjects the muscles are completely rLlaxed in

one second. It is also possible, of course, thot our "tender
cared" 3ubject.s completely lack this reflex. We are planning
additional studies on this point.

ileliability of Audiogmms

During the course of the uxperimenta just reported we acm-
ulated a number of "pre-expoaurc" audlograms (the audiosram

- given prior to exposure to noise) for 18 of our subjects.
-Hopei Ully, these audiograms should, for each subject, be quite

similar; If so, the rather sal threshold shifts noted as the
* result o exposure to impulse and steady state noise could be

taken as significant.

The general reliability of the audiograms obtaind from our
subjects in given in Fig. 24. The mean difference between the
first pre-exposuro audiopgam and succeeding pre-exposure audio-

- ganms (given at least 1 day apart) Is -1.2 db, indicating per-
* haps nome slight Improvement by these subjects in ability to find

their thresholds with continued use of the audiometer. The stand-
ard deviation of 1.4 db demonstrates, however, that even with a
large amount of audiometric testing (each subject had an avege

a 10 pre-exposure audiograms) the audiograms are very consistent.

I Actually, the effects of noise on hearing Is taken as the differ-
ence between two audlograms taken in fairly close succession.
This testing procedure is approximated if we take the first two
pa'e-exposure nUdtograms for cch :ub~ect and compare the differ-
ence between them. Doing this, we found mean differences of
+.5 db and -. 7 db and standard deviations of 2.4 db and 2.4 db
at 2000 cps and 4000 cps respectively.

-
1 -17-
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3 These test-retest reliability data Indicate that consistent dif-

ferences between pre- and post-exposure audiograms .ot but 2-3 dbl

at several cri'lcal test frequencies will usually be found with

further experimentation to be statistically reliable differences

and presably attributable to some interviewing factor, such as
oxposure to Intense noise.

-
!

I.
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FIG. 3 RECOVERY CURVES USED IN EST:MATING THE
AMOUNT OF HEARING LOSS TWO MINUTES
AFTER EXPOSURE (TTS 2 ) FROM MEASURE-
MENTS MADE 30' SECONDS ETC. AFTER
EXPOSURE
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