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i pulse=type test of hearing was devised for maasuring the
temporary hearing loss occasioned by the expesure of personnel
to high-level noise. Pulses of white nolse and 500-i:ycle %tone
vere recorded on magnetic tans in 2-db decremental steps, and
reproduced in a 64-sec, testing interval. (1) The tests were
sengitive to the temporary hearing loss incurred through the ex-
posure of ears to noise. (2) The two types of pulses aprarently
appraised different aspects of the hearing function. (3) The
test had to be admimetered through equivalent forms five times
for indoctrination. (4) The test correlatsd; r = .68 -.78, with
word reception,
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PRESS RELEASE

In a joint program between the Naval School of Avistion Medi-
cine and The Ohio State University a test has Leen devised for
measuring the temporary loss in hearing that is occasioned by ex~-
posing personnel to high-level noise. The noise problem that was
once the boller maker's later overtook the aircraft pilotl and now
has become even more general., Relative measurements of the tem-
porary ioss of hearing can be cbtained in 64 saconds in the Acoustic
Iaboratory of the School of Aviation Medicine at Pensacola, Florida.
This vroject is assisted by the Office of Naval Research and is
directed by Professcr John W, Black of The Ohio State University.
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SUMMARY

Paiza=type hearing tests include as a gingle test item a cl :ster of "heens" that

A 2

listeners identi:y by counting. A "count® is rignt or wrong and my Vﬂttr1::f~ to
either a pasz-fail scors or a quantitative escore. This mrinciple of testing was ea-
prloyed in tha construction of a teat for asseesiug the temporary hearing loss of per-
gonnel exposed to controlled levels and spectra of nolse for specified times., Pulses
of "white" noise and 500-cycle tone were emrloyad in a series of 2 db decremental
stepss 1. The itwo t7pss of pulsea measure different asvects of the hearing func*ion.
2., Five administrations of ecuivalent forms of the test are required for indocirina-
tion. 3. 4 deviation up to 0,7 db im sound rressure level seems to be "expected"

in the ypreraration and administration of the tape-reccrded test and tc be evident in
diurnal wvarlations of scores.

The test was adapted and coupled with a muitipie-choice word=rcception test and
both were comrared with more conventiocnal pulse-type teets. The two conventionsal tests
were found tc bs more similar to each other than to the present pulse test. The pulse
test was more closely related to factors involved in word reception than wsre the com=
rarison tests,

INTRODUCTION

The temporary damage to hearing that results from the exposure of listeners to
high }evels of noise has been measured and Lcyvrt 2 br Navie (4) and more recently
by Ruedi and Furrer (8)., A comprehensive summary gf Telated work has been provided
by Kryter (6). The investigatiore by Davis and Ruedi-Furrer employed sorhisticated
subjects and relied uron audiometers for measuring the threshold shift and the nre-
gress of the recovery of hearing. The levels of environmental noises ranged from
110 to 130 db, and the sxposure times from 1 to 4 minutes., Davis! criginal report
included related data coucerning decrements in word reception scores (articulation
tests) that resuvlted from exposure to noise.

One of us (2) reported that when experimental subjects, wearing conventional
military headsets (HS»BB), were exposed tc 110 db of simulsted propeller-type, air-
plane noise for two hours, the listeners talked "naturally" with 5 db greater sound
pressure level; also that beth this effect and the recovery from it were related to
the listener-spesker's threshecld shift at 500-cycles per second (cepPess)—the only
test signal that was smnloyed. This tone was presented to the subjects at three-
minute intervals subsequent to the exposure to noise,

The manufacturers of naval aircraft are permitted the following tolerances in
noise specifications for the cockpit: overali level, cruising 100 db, cli mbing 110
db, taking off 115 db; and in spectrum the level of the band 75-150 c.pe.s. imust nov
excesd 94% of the total, the band 600-1200 must not exceed 84% of the total, and the
band 2400-4800 73% of the total. Flight personnel are expected to wear headsets or
helmets that contain esrvhones., These attenuate the noise level at the ears of the
operating personnel 10=15 4b at 1000 c.p.s.

The u]timato objective of the present study was to aprraise the temccrary damage
4o the hearing ~F flight perscnnel that might result from single exposurss of varying
Avration to noise of gpectra and sound pressure levels reievant Lo the cpociflicetiocns
immediately above., The Iimmediate objective wus to devise a test that cculd be ad-
ministered in connection with a study of "the effects of nouise® and that would 1.
give an indicaticn of the threshold siiift of several hundred ewperimental subjects,
not sophisticated in teking hearing tests, 2. permit a measurement of the momentary state
of hearing with a minimum interrvption of the exposure of the listeners to surrounding
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noise, and 3, be applicable to groups of any number of exverimental subjects. No
clinical aprlication of the test was envisaged.

Several testing trocedures-—modificatione of standard group audiometric methode—-
vere ¢riad in preliminary triais. All vere comprised of groups of pulses thal were
recorded on magnetic tape and reproduced binsurally over military headsetis (#5-33) to
listeners during brief interruptions in their exposure to high-level noise. The pulses
in different trial forms of the test were: white noise, white noise through a 1600
CePe8. low-paes filter, white nolse through a 1600-2400 c.p.s. band-pass filter, white
noise through a 2400 c.p.s. high=rass filter; the outpuv of a sweep~frequency oscilla-
tor inder the same three conditions of filtering; and tones of 125, 250, 500, 2000,
4000, 6000, and 8000 G.pes. Initially the pulses were of six levels of sound pressure
with incremental steps of two @b, Fach pulse was 0.1 =mec. in duratiocn; there were
2 - 4, pulses in a group; the perlod between successive pulses was 0.25 sec,.; and the
period between the final rulse in 2 seriees and the voice signal that introduced the
next item was 1 sec,

Audiograme wsre secured from 30 normal-nearing male experizentel subjects at the
outset of a preliminary experimental session and again aftsr exposure (wearing headsets )
1o approximately twe hours of simulated alrcrei™t nolse, propeller type, 110 db. 1he
audiometers were used., The subjects remained in the noise until called for thair
second audiometric tests., The first twe subjects were tested after 115 min. of ex-
posure to noise. Rank order correlations were computed between the nearing loss of tne
better sar aftar arxroasure to noise (A.M.A. computational procedure) and cores cn the
post-noiss Uinaural pulse tests. The 500 c.r.2. tone and the white-noize tesis wei
selected as yislding fair indications of the extent of noise-induced threshold shifts
among the experimental subjectz. These two tests were refined with resvect to mre-
sentation and method of response and subjected to more detailed study.

Both tests were extenled to 10 levels (2 db steps) and wers recordsd in six forms
for series of different numbers of pulses. The grours of pulses were reccrded in de-
scending order of sound pressure level, with the highest level of output to the service
headset (designated either ANP-1 or PIR-3 earphone) being 3.6 millivolts.

Nrestions for the test were not recorded, but were given orally to each group
just before administration of the test.

You will hesr a number of beeps or pulses or bursts of sound. These occur in
groups. Write down the number of beers that you hear in each group. Alili you
need to knov is that the up-and-devn spaces on this answer sheet are called
columns and the left-to-right spaces, rows. You will go across the page iwo
times each time the test is given, Listen carefully; keep perfectly quiet.
Put on your headsets.

The recordings included an announcer's voice recordsd at a ccnstant level that
vaced the test.

Stand by for test one: row one, coOlumMn ONE s.oy; COLlUmn LWO eeey columm three
’ ’ sy

ese column ten ,..; stand by for row two: cclumn 0ie e.., colum TWO ...y .o

colum ten ...

L

The spoech-to-signal ratio at the highsst stimulus level was 5 db. Frecision of
timing was accomplished by editing and srllicing the tape, A cathode-ray oscillograph
indicated that no prs-signal transients thet approached sigral level were introduced
by this rrocess, Administration time for the test was 64 sec,
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Part 1
PROCEDURES AND RFSULTS: Hearing Icss with Neise

Ssven grours of experimental subjects were exposed to 110 b of noise, Each group
of 12 male naval pilot or technical training persornel wus sub-dividsd: four members
wore no headset; fonr members wore a headset with earphones over both ears; and four
wore a headset cocked on the head in a manner to cover or protect only one ear. Thus,
there were 28 subjects in each of the three conditions, The testing occurred in a sound-
treated and acoustically isolated room that had a minimum noime level of 27 db (General
Redio meter, A scale) and an 1solation attenuation of 55 db. The room contained inter-
phone stations with headsets and tablet armchairs, snd the loud-speakers of a syster
that generated aircraft-type nolse uo to 132 db.

An experimental session lasted 137 min. The session began with administraticas
of the pulse test, one for rractice and one for a rre-noise score. Then the listeners
sst in 110 db of aircraft-tyve noise (Harvard generator) for 12C min., The subjects
who wore headsets heard and rssponded to two listening tests (word reception) during
sach 15 min, of the session. At the end of a 15-min. period the noise was turned off
for 64 sec, during which time all of the subjects wore headssts and took the pulse test.
Subsequent to the two-hour (less seven 64-sec. interrurtions for testing) exposurs 4o
noise the subjects took the rulse test five times at three-min. intervals during a 15-
min, terminal "quiet" reriod.

The data for each condition of exrosure to noise were anaiysed seiaratcly in 2
triple analysis of variance. These enalyses are surmarized in Table 1. The mean
number ¢f errors thut attended each administration of the test is indicated in Table 2

and is plotted in Figure 1.

The analyses of variance (V) that are summarized in Table 1 show:

1. Successive administratioms of the test yielded different acores
(Vp/Vpys)o

2. The twoc types of pulses were not reacted to alike by different
listeners (VExS/VixPxs).

3. 'The %two tvpes of pulses showed highly significant differences in
mean values in the no-headset condition (VE/VExS).

Le The two types of pulses were responded to dissimilariy through
successive trials in the one-headset condition (Vrxp/Vigpys).

5, There were differences of scores among listeners.

The arrays of mean values in Table 2 somevhat explain the analyses of Table 1,
Congidered together the two tables indicate that 1. The test measured a threshold
shifi among the subjects with exrosure to noise and a subsequent recovery. 2. The
tast showed the "recovered"™ hearing to bte superior to the "original"™ hearing. Thise
is interpreted to mean that the listeners were more practiced or "test-wise" at the
conclusion of the experimental period than at the outset. Thus, greater familiarity
or rractice with the test before making experimental measurements is indicated. 3.
Tnder an assumption that the final scores of Table 2 were better indications of ths
mean detectlon threshold of the listeners than wsre the initial scores, the mean loss
of hearing that attended exrosure to noise when at least one ear was protected by an
earrhone was aprroximately 1.5 steps on the test or aprroximetely 3 db. With both
ears exposed, the loss wes greater, as much as 2.8 steps or approximately 5.6 db
(noise). (This assumption discounts the possibility that the mean state of hearing
was temnorarily improved by recovery from the nolse experienca.) 4. The test

vielded greater values of threshold shift when two ears were exposed
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end greater zhifts wvhen ona was exposed than when neither was "open." This was to

be expected and is interpreted to relate tc the walidity of the test. 5. The thresh-
old shifl lu the as-hisadanst condition ac measured by the pulses of poige was signifi-
cantly greater than the shift measured by the 500 c,m.8. pulces. This result wae
peculiar to the condition and is interpreted as assurance that the two parts of the
test do not measure the ssme aspect of the hearing function., Further assurance of this
arises from the observation that the two signals are responded to differently when they
ara conveyed by dissimilsr eguipments, This fact is exploitad in the testing of alterw
native headsets. For example;

Headset 1 Headget 2

500-cps pulses 56.2 55.1
White-noise pulses 69.3 42.6

The walues are percent correct scerea. In other words, the two headsets ware similar
in the capacity to transmit the tons pulses but differed imn their capacity to cconvey
the noise mlsas audibly (N, subjects, 24). One lmport of this result is that while
pooled scores of ths two maris of the ilext may have some walue, sepsrate scores must
also be computed. In the course of these studies Hirsh and Ward {5) reported substan-

tial bounces in the auvditory threshold after exvosure to tone and nolse, It is noted

that the mean error score for both types of pulse increas=3 in the "headset"™ condition
betwesn ihz snd-of-noise measure and the 3-min, post-noise measure.

The significant interaction bestween trigls end iype of pulge in Table 1 appears in
Figure 1 as a crossing and re-crossing of the two plots. There is nc present sxplanatian
for this rsewli, Nor is there any explanation for the anamalous fact that listeners
vhe wore & headset throughout made more errors than the listeners who had one ear pro-
tected with one earpnone, However, this result is in kssping with data that are being
accumlatsd by Dr. John J. OiNeill (Chio State University), which seem to indicate that
noise fed to one ear appareiatly improves the subsequent acuity of the conrtralsteral ear.

A PRACTICE EFFECT WITH THE TEST

One indication in the preceding resuiis was that listeners tended to improve their
scores with repeated experiences with the tests. This was suggssted through the cir-
cumstance that final scores were lower than initial error scores. To quantify this
effect 10 groupe of 12 experimental subjects each, all NROTC personnel, were given the
test 15 times. There were 11 panels; however, panel 11 repeated the test 10 times in-
stead of 15 and is not inciuded in the present treatment. The successive administrations
to a single group were without interruption. The position of a listener's headset
(HS=23) was not altered during or betweer ihe tests, The 10 panels were tested on suc-
cessive working days. The mean numbers ¢f right scores for the repeated tests are en-
umiersted in Table 3 and enterasd graphically in Figure 2, These wvalues are the mean re-
sponses of 1C panals.

The data were arranged in a meirix for a triple analysis of warlance with columms
representing successive trials; sub-columis, neise and tone; rows, ranels. The msan
score of each penel on each porticn of thu test was entered as a basic measure for the
analysis. The results of the analysls; cfummarized in the first columm of Table 4,
showed that an assumption of "no difference” among the mean scores on succsssive trizls
could be rejected. Figure 2 suggeste that the scores subseguent to Trial 5 might be the
same. Relevant tests are deacribed in the nexi section,
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The immediste significance of the effect of practice on the scores of the test is
the implication that experimental subjects must be administered the pulse tezt at least
five times as an indoctrinetion exercise before a first experimental measure is obtained
in a session. Six forms of the test (differcnt programming of the numbers of pulses)
make this feesibie. This result apolies when a group of sublects yields a2 single score.
{1t might. obtain also in clinical situations where a pulse-type test is often employed

as a screening device to detect individuals with a hearing loss; alsc in selections
tests—-gee Part II.)

RELIABILITY OF THE TFST

The analycie that 1s summarized in columm 1 of Table L prompts questions about the
reliabiiity of the pulse test. In view of the fact that the twc types of rulses relate
to different asvects of the hearing tunction, no attempt was made to equate exactly
the resronses to ihe noise and tons portions of the tezt; thus the significsnt differ-
ence that is indicated in Table 4 between the sets of scorass for the ncise and tone
portions was expected. The mean Aiffarence between the two scores is approximately 1.5
scale wnits (of 10)., As discussed above, a practice effect was known to operate among
the early success.ve administrations--possibly the first five—of the test; thus simi-
ficant variance in comiection with trials, as shown in column 1 of Table 4, was an-
ticipated. The disgulsting features of the analysic that is surmmarized in coiuvmn 1 of
Table 4 were the signi’icanu variances attributable to 1. panels and 2. the interaction
between penels and noise-tone. When the data were viewed with these two apparent
anomalies in mina, it was noted that the first three panels respcnded inconsistently

'v-"!.th thc ?emﬁning sawan }:.anelg'_ 'T'h. hn?‘.’{b‘l' Mﬂﬁ’q hmrﬁ A H{ghﬁr m‘Ol)Ortion Of the
nolse signals than tone signals: msans, 3.2 and 2,3 respectively., The remsining panels

identified the tons signals the more frequently: means, 3,0 and 4.4 rnspectively. This
latter relationship is in 1line with subsequent experience when the test is taken before
the listenars are exposed to noise. Under an assumption that some exrerimental error
occurred in the administration of the test to panels 1-3, the data pertaining to t).ese
panels were arbitrarily removed from the matrix and a second analysis performed. This
anslysis is summarized in column 2 of Table 4., The "selected™ data continued to ex-
hibit, in lesser degree, the erratic charsacteristics of the more complete analysis.
Data were further "selected™ so as to remove some of the variance presumably attri-
butable to inexperience by eliminating Trials 1-5 for all paneis. The analysis of the
remaining dsta 4o mummarizad in the right<hand eolum of Table 4. This analysis was
more reassuring, It indicated that for a single panel the mean scores among successive
triala 414 not vary significantly 1€ thg results of the first five tr ;ggg wers zon-
sidsred Yo 38 iﬁﬁgiiiiﬁaliii and not includad in the annlvais. T Thia stage of "selection"
of the matrix also reducsd the interaction variance between panels and gg_ggeggmm
approximately a chance occurrence. It left, however, the obvious implication that panela
(successive days) were responding to the teet differently. The resvective means {or
the trialp and ponels under discussion follows

Trisls Based on Mesn Correct Scores for Panels 4-10

a. Trial 6 7 g g 10 11 12 13 14 15
Tone 4.9 1&08 L5 5.1 406 5.1 1406 1&06 5.0 4.3
Noise 3.1 2.9 3.3 3.5 3.9 3.4 3.2 3.1 3H 3.4

Paniels Basad on Mean Corvect Scores for Trials 6-15
B. Fanel 2 5 6 ” e 9 10

Tone 5.5 6.3 547 7.3 7.3 7.7 6.5
Nafge 3.1 3.1 £ed .2 1 5.4 5

n
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The data cf Table 4 are reas=uring throughout in the small fraction of the total
varlance that was unsystematic ard not accounted for by the three double analyses that
were subtended by each triple analysis, This implied the rossibility that each time
the test was used it was operating reasonably well. Uncontroclled factors aprarently
lay in the administration of the test., It romained to locate the source cf these
differences.

As 3 further inquiry into the "behavior" of the pulse test, a single panel of nine
members tcck the test 12 times on each of seven successive days. An analysis of the
data from this panel was performed in the manner described immsdiately above in con-
nection with the responses of the ten panels. Thece tests vere to expleore specifically
whether or not indoctrination presentations of the materials of the test were indicated
even with scphisticated panels, and vhether renels of listeners on separate administra-
tions of the test (days) accounted for the significant variations among panels in the
analyses of Table 4. The results of the analyses of the administrations to the same
panel are surmarized in Table 5. The rertinent mean correct score follow:

Trials Based on Mean Correct S-ores for Tays 1-7

Trial: 1 2 3 A 5 6 7 8 9 10 1 1z
Tone 5,1 6.3 H.,6 6,3 5,9 7.2 7.1 7,0 7.5 #.6 ol T«U 484
Noise 502 5;2 405 506 5.2 4-5 5t6 508 6;2 66»?- 5-6 6‘30 91‘6

Days HBased on MHean Correct Scores for Trials 1-1Z

Day 1 2 3 4 5 6 7
Tone 6.9 5.9 6.6 8.4 6.4 6.1 5.9
Noise 506 1}.8 5.4 '702 6:5 590 1-’&09

These mean values in conjunction with the analyses of Table 5 (Vp) indicate that the
test remained somewhat out of control insofar as yiélding comparable scores from one
series of administrations to another {davs). The extreme deviation occurred between
the presentations on Day 4 inign) and ox Days 2 and 7 {(lowjs The 3iffsrenccs among the
scores for these days were equivalent to aprroximately five db changes in signal level
(2.5 test units @ 2 db/hnit). The mea» fluctuation was 0,6 signal unit and the r.m.s.
value slightly less than 1.0 unit,

The analyses of Table 5 indicated that indectrination presentations of the test
were essential daily even with practiced listenera. In this regard; the difficult
arose in identifying tone, and nolge (see V for tone and noise separately, Table 5).

The tests cited above extended beyond the original purpose c¢f the development of
the pulse tests as in instrument for determining threshold shift as & result of ex-
posure to noise., First, the statistically significant fluctustlons of the chserwved
scoresz were within the inherent step-adjustments of clinical auwdiometers (5 db). Second,
the test operated systematically within a single experimental session, For examplez, a
rank order correlation bestween the mnel scores for tone and nolsg, day by day, was
tho = .89, Since the measurement of the thrashold shift in terms relative to the mean
state of hearing of a manel at the ont«et of an experimental session was to be under
cbservation; the test might be viswed as within satisfactory limits of tolerance, pro-
vided the panels of listeners become practiced in each session in making the identifi-

cations that the test requires, Boyond the immediate objective, howvever; lay the mcre
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far-reaching question of the reliability of a group pulse~type test and particularly
one that 13 administered from recorded signalis,

Anderson (1) employed a recorded pulze-type test to screen the hearing of entering
university sindants. Ths orossdure 1s common. He found that more than half of the ears
that did not respoad to the 15 db scresning level (single presentation) were "normmi”
when retested imnder laboratory conditions, In view of the present resuits this finding
might be attributed to "no indoctrination through practice."

TEF ADEQUACY OF A DUAL SIGNAL TEST

Iit+le can he pastulatad about the wvalidity of the present pulse test. An alter-
native type of material would be a click, rossibly filtered in different manners and
rresentad st varying levels. The present materials were selected as correlating with
the audiograms (percent hearing loss) of normal hearing aubjects, exposed to noise for
two hours. Subsequently an experimental rrocedure indicated that subjecta who had besn
exrosed tc the s¢ ‘e noise with differing amounts of rrotection resmonded to the two
portions of the test differentially,

found that both nortians of the present test were rolated on a statistically sig

cant basis (when given as monaural adzinistra’'ions to male university students who had
failed one test of hearing) with =cores ohtained by oure-tone audiometry, 500—40N0
coePe8s (¥, 119 subjects, 232 ears). However, the relationship was "stronger" between
the 8NN o n.a. tone and the lover frequencies on the auvdiometer and between the white
nnise portion of the pulss fest and the higher frequencies that he tested., Icorss ovn
the white-noise portion of the test related significantly to scores on the spondee
speech reception test; scores on the tone portion 2id not, 7This was another indication
that the two types of stimulus material samnle different aspects of the hearing function,
However, cther or additional stimulus signals might be equally or more differentiating.

Anderson (1) employed the test in an evaluation of another pulse-type test and
y si

RESPONSES yg. LEVFL

A further consideration in an evaluation of the pulse test is the effect of the
sound pressure level of the signal upon the proportion of correct responses. The re-
sponeas to the individual items (in sound pressure level units) of the 15 administra-
tions of the test toc 10 panels, described above, were plotted. Figure > is a cou—
posite cumuiative grarh that represents the responses of 120-132 listeners who heard
the test 15 times., This plot indicates that nearly 90% of the responses to the highest
level of the test were correct. Had only the responses to trials 6-15 been considered
the value would have exceeded 90%. The remaining 10% includes Incorrect responses from
all causes: equipment failure, inadequate instructions, 'lost?! on the test, Indis-
position, etc. The dats that are summarized in Figure 3 were treated by an analysis of
variance preliminary to testing both sets of means of Flgure 3 for iinearity by Lind-
quistls Case 4 (7). The rreliminary analysis is summarized in Tabls 6. An acsumptdion
of linesrity was not rejected in the instance of the responses to tgone (F, 1.31; 8 and
81 degrees of freedom); however, by the seme test an assumption of linearity in the
of the responses ‘o noise was relected (F, 9.90; 8 and 81 d.f.), Degrees of freedom
(3.£.) in this test are determined by conditions (lsvels) minus 2 (or 10 -2 = 8), and
the remginder term from a test of "no difference" among the means of the scores for
conditions, 1.s., levels x mn=ls = 9 x 9 = 81, A hypothesis of linearity was tenable
when the responses to the twc lowest levels (=13 and -16) were excluded from the analysis,

The curves in Figure 3 are similar in form to the Individual plots {not showm) of
the resnonges to tho 15 trials that contributed to Figure 3 except that the ceiling in
Fipure 3 is attenuated by the limited ran%es of Triale 1-5. The curves, separated hori-
zontially by 2-2.5 db throughout the greater part of their growth, converge at the
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highest sound pressure level, and show an attenuated rate of decay in mean liatener
scores near the point of 'no detecticn' in the case of ngige.

The tests were sensitive to the sound preaaure level of tone and nolse and with-
in the range of 18 db elicited in excess of 75% of the total possible range of re=~
sponses (0-1C0%).

In the region of threshold {50 percent correct responses) the effect of a shift
of 2 db in the level of the tore or noise signal was 10-15% identification (found by
reading in percent the difference between successive points of measurement on the
seme cwrve in Figure 3). This, in turn, approximates the differsnce, near the mid-
range of the curves, between the proportion of correct responses to fgne and tc poise
signals at the same ievel of attenuation ({read in perceni the differences bhetween
points of measurement on the two curves at the same level of attenuation in Figure 30

There are varions ways in which measurements that are obtained by the pulse test
inight ©s wesented. HMean numver of arrors, mean number of correct responses; and per-
centage of correct scores are presented in rFigures 1, 2, and 3 respectively., Tentative-
iy, tha item=hy-item score of a panel le computed as well and the scores are viewed in
terms of the relative rressure level of the pulses at threshold (5C% correct score).
Since numbers of erreors; nercantagen; ete,. are meaningful only in terms of the testing
instruscat and the sinpgular condition of administration, and since a test is typicaily
most sensitive in its midrange, threshold (db) appears tc be a promising unit in which

to describas "shiftF. and to be 2 unit thae® accormodates both convention and “transfer”

of the findings., A summary of the data of Table 2 and Figure 1, converted to identi-
fication threshold, aprears in Table 7. The data of Table 2 are subject to the limita-
ticn that only one test for indoctrination or practice was administered. Since subsequenily
at least five practice tests vere found to he necessary, the first test that was in-

cluded in the data of Table 7 was the cne administered sixt:.. i.e. 60 minutes.

An alternative manner of presenting measures is provided in the following examrle.
Eleven panels. each of 12 listeners, took the pulse test two times at the outset of
experimental sessiocns, the first time as practice, The panels then 1, participated in
intelligibility testing under 110 3b of simulated aircraft noise, propellier tjype, for
30 minutes, 2. were re-tested with the pulse test, 3. sat in quiet for three minuves,
4e varticirated in a second 30-minute period of intelligibility testing, and 5. were re-
administered the rulse test. The objects of this procedure vere to £ind whether the
pulse test was sensitive tc changes in hearing brought about by exposure to noise of 30
minutes, (if so) whether three minutes might suffice for recovery, and (if not) whether
a second exposure of like duration produced a cumilative effect. The successive mean

carract scoras vere:

Mean Right Responses per S per groum

Test Tone Noise
1. Practice %Lest - -

2, Pre=test 3.30 2,75
3. 30-minute test 2,57 147
Le Post 3-minute silence 2467 1.45
5. Second 30-minutc %sst 2 .66 1.88

The data were arranged in a matrix with panels of subjects as pgus and Tests 2-5 as

s
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golumns. Basic measures were mean corroct responses per person. The variance ratio for
tugteas shown in Table 8 wns highly significant. All scores subssyuent to the pre-tesi
were significantly lower than pre-test scoree - this in spite of the fact that “learning,”
or the practics effect, wvas continuing throughout ihe final (fifth) administration. (The
necessity for five indoctirination trials had nct then been established.) The contrary
influences of practice and of the effect of noise are confounded in the results that are
summarized in Table 8, {Also the variabllity of scores among paneis that wes discussed
sbove is noted again in Table 8,} A modified treatment of the results of the pulse {est
vas tried with th=se data, in part to cope with panel variability. From 8C to 90 percent
of the subjects who took the test had a cut=off level above which they made all responses
correctly, and belcw which none ware correct. The median level of the cut—off item for a
panel might be converted readily :nto signal levsl through Figure 3. The welian value
for seversl penels would be expecied to be stable and to provide a reference value to
which deviant panels might be adjusted. In the presert data the means cited above were
in close agreement with thz mediare of tha cut-off scores, pensl by panel. For example,
the arparent decrements in hearing in the data cited immediately above for the firel 30
min. of exposure to noise were: tone 0.7, and noise 1.3 score units; or 1.4 and 2.6 db
respectively, Ia units of threchcld dacrements (described ahove) the differcnces were
1.0 and 1.5 gross score units or <.0 and 3,0 db. The cougarable estimates, delermined
by the medlan cut-off scores of ths subjects within e panel and, in turrn, by the median
of the panels, were 1.9 and 2.8 db.

The “median of tie individusl cut-nffa." when applied to the repeated measures of
the panel that took the test 1z iimes on seven days {above). vielded resulte thai were
in substantial agreement with the computed mean correct scores. However, the value of
Arla]l variability wes apparently augmented through the use of medians. The standard
deviation of the igne ecores was increased from .40 to .70, and of the poige scores from
046 to .58 Medians:

Trials, based on Days 1-7
Trial 1l 2 3 4 5 6 7 8 9 10 11 12 SD

fcne 6 7 7 €.3 6.5 8 Te5 745 8 75 8 8 .70
Noise 5¢3 5 5.5 6 4.7 6 6 6.3 6 7 6 6 .58

Days, tased on Trials 6-12

Days 1 2 3 4 5 6 7
Tone 7.7 6.2 8 9 8 7.5 7
Noise 6 5.5 6 8 7 5 6

Both treatmeants, means and cut-off wsiians, indicated that successive adminlstrations
of the test, beyond the fifth, were stable for a panel of listeners, once the test was
set in oreration for the experimental session.

SUMMARY (Fart 1}

4 pulse-type test has been devised for obtaining from & panel of experimental sub-
Jects, within one minute;, an aprroximatior of the amount of temporary hearing luss that
has besn oceasicned by exposurs to noise. The test includes tape-recorded pulses of

500 cep.s. and white nolse, both presented in 10 successive steps of 2 db decrements -
a range of 18 db,
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1. The two porticns of the test arpear to aprraise different aspects of the
hearing function and to be sensitive to effects that the test was designed to measure.

2. Five adminisirations of the test are required before reliable measurements can
be obtained from a group of experimental subjects,

3. The principal difficulty that 1is encounters3 with the test is the securing of
stable results from one experimental session to another. This difficulty presumbly
lles in the control of sound rressure level; l,e.. in the playback instrumentation, in-
eluding the mathods used to check session-to-session rresentations.

Part IT, (follcwing) of this report my be considered a further step in the evalua-
tion of the pulse test, and relative to 3 (immﬁﬂi&lELy above) fmplies that the require-
mente for "playback"™ may exceed the limits of tape-recorder reproduc*ion.

Part II

A rulss T2zt in Sereaning and Salection

D

A Ap inined in Part I, the recorded pulse-type test was devised to evaluste an
effec n hearing of the exposure of ears to high-level noise. This measurement, in
turn, was for expediency limited to two signals (not the typical sampling of audible
frequpncins): 570 co.pese. and vhite nolse, The U, S, Mavy Bureau of Medicine and
»uxgtxj anncunced an eveluetion of hearing tests for selection and screening purroses
at Camp Isjsuns,; North Carclina, and invited the Naval School of Avietion Medicine to
participete with the pulze test. The invitation was accepted with an explanation that
although the test was rrobably not apprOpriate to this aphlicafion, the data from
comparison tests would be iheloful in appraising the properties of the pulse test. Also,
for purposes of comparisor the pulse test wms courled with a multiple~choice word
reception test., The latter was extracted from Form C of the multiple-choice intelli-
gibility test series (3). Two ansver forms were rrerared, illustrated in Figures 4 and
5

-~ &

Form 1 of the ansver sheets wus vrepared for cne ear and Form 2 for the other ear.
The rulse test itself was also adapted., It was reduced to nine decremental steps in-
stead of ten (to accommodate the nine groupings of words of the word-resepticn teoot);
the steps were of four db instead of two; and of principel importance, the test was for
monasurai administration instead of binaural., Six crders of the pulae presentations
were prepared., These were interspersed on a magnetig tane recording veiween ths six
successive word lists. The words were read {recorded) by one voice; and within each
"block™ or set of nine 3-word groups; the successive grours of words were equated in
sound pressure level with the nine sters of the pulses. Thus successive groups of werds
represented a seriess of four-db decrements. The entire test (twe forms) reguired 25
minutes for administration. The equirment for admin*sterine the Lest included a mag-
netic tape playback unit (Stancil Hofiman) and hesdsets (monaural, PDR-3) for 25
listeners. Flayback level wasg set relative to a 1000 c.p.s. tone recorded on each test.,
In practice, because of "time 1lmits" three tests instesd of six were administered tec
each ear of the experimental subjects, and alternate Forms 1 or 2 was used at the dis-
cretion of the operator, who attemrted to employ the two forms aprroximately the same
number of times,

Other tests that were included in the bettery cf Camp Lejeune test were 1. the
"New Iondon test,™ 2. the "Glorig test," and 3. an audiometric thresholid test. The
angver szheatz from all of ths test wera cbtained by the Acoustic Laboratory after on=-
the-gpot evalustion was made, and with the help of the Psychology Iaboratory of the
School of Aviaticn Medicine, the te«t verse comparod.1 All data were enterad on IBM

1 The analyses and compvtaticns that follow weie iade by ICPR Hecdbury Jochneon of tha

wnosan S CCQDOVY

Aviation Psychology laboratory of the Naval School of Aviation Medicine.
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cards. Computations, sxcept for final steps, were psriormed on IBM eguiprment.

It is nots worthy that all of the tests, excert the standard audiometric ome,
relied on recognition and summation of pulses on the part of the listeners. The
Glorig test is a series of groups of pure-tone pulses of varying frequencies., This
test is distinguished by automatic programming, A visual altering signul indicates
vhere to enter such experience on the answer sheet. Both ears are tested monaurally
in one adminiccration of the test, and the tests sample the frequencizs of the speach
range.

The New London test is a presentation of pulses in a pre-sel sequence from an
audiomster, memally controiled,

The pure-tone audiometric test is, of course. standard,

Both the Clurig and the New Lendon tests yielded arbitrary pasa-fail scores. With
the Glorig test, as administersad, ihs jmaamadal peesed or failed: with the New London
test each ear passed or failed, One interpretation froa the pure-tone audiometric test
was a caiculated "hearing-losa® score for sach ear eccording to the weightings and
averaging procedurss of the American Medical Associetion (except that these somputaticns
are normalliy applied only to the "bettar ear”).

Form 1 wes administered t¢ 190 persons; Torm 2, to 297. The three variables or
stimulii of ths test were scored szaperastely for asch ear, both total "right® score and
& “cut=off* score for each "block® (see Figure 4). The "cut-off™ score was the "iast
item right"™ within a "block" in the inatance of tope, and polse and was the last item
within a 1ist to have two of the three vords right in ths Instance of ywgord receriion.
The scorss for a block were summated througn three blocke to ylelda score for an ear.

The mean values for the pjght and gut—n{f scores are envmerated =zerarately by ecrs
and for Formsg 1 and 2 (both separately and comtinad) in Table 9, The muximum posaible
value for noise and fone wes 27 and for wordg, 81. Sirce the subjects had "normal®
hearing the AMA scoree have limited meaning, as this scoring procedure assumes a hearing
lczs of eome pronorticn, possibly 25, 40, or 50% in at least one ear., Thus scores thet
average 4 and 5% would be in the tail of the dietrivutions thai gave riss tc the pro-
cedure,

The data were treated with correiaticn {ochnigues. The rognits are summrizaed in
Tables 10-11. The entries in Table 1C are uniformly nigt "y significant statistically
excert for some oi the corrslations invelving the AMA scorss. Correlstions of .95 = .9
between "zcore® and "cut-off® indicate that they ware equally good indices of pere-
formance in aprreising the reception of rulses of noise and tons., In the ingtance of
words. hovever. ggoore correlated numerically higher with the cther obtained measures
than dic gut-off.

The correlations pertaining to the left ear terred to be numerically higher than
those related to the right ear., This difference wes statistically significant in
meansures that derived from words. Since the left ser was alvays tested second the
assumption is made that learning occurred during the administrstion of the test, and
thet either word receptior per gg lmproved or that instructione were followed more
correctly during what amounted to the gecond half of the test than during the first

hal?f.

The entries of Table 10 show that the correlaticns that related te Form 1 were
numerdcally (and frequently significantly) higher than the comparahle measu e relative
to Form 2. Table 9 shows alsc that the mean scores attending Form 2 were numerically
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higher than those of Form 1. A check of the recordinge ith the Sound Apparatus Co.
rover level racorder and Audio Devices Logger revealed that the signal-reference tone
ratio was appsrently 0.7 @b greater in Torm 2 than Form 1. (This "error" checks in
magnitude with values of Figure 3, snd irplies that thz diurnal variations in the
scores of Fart I of this report are within the operating efficiency of tape reproducers
and panel meters.)

In view of the foregoing discussion, the evaluation of the pulse test might be
hezed on the more representative walues that were obtained in these irials, on gcores
(not *cut-ofi*}, Forp 1 {act Form 2), and left ear (nct right). These three values
are underlined in Table 2. Specifically, tone ccrrelates with noige and words, re-
epectively, .75 and .68; npjse correlates with yords ..78. The cuirelations wilh wordg
are believed to be higher than have been reported previously (1).

Table 11 presents correlationa between the scores of the two ears of the same
listener, These values were rresumably atienuated by the discrepancy between ears
that appoarsd in Tahle 10. Inasmich as the tuc eare of a listener are commonly
dissimilar, the values cannot be regarded =s a set of "spiit-naii” correiaticms. It
may be notewcrthy that the highest correlations pertein to word recertion scores be-
tween the two earg--a test that might relate to intelligence, educaticnal achievement;
ctc, However, in like manner it ies aprarent that in each column the highest pair of
correlations 1s associated with the two row headings that are 1like the golumn heading.
Thue, tone "ggore®™ in one ear correlates highest with tone "score" and "cut-off" in
the cther; nolse "georg" end "gut-off" etc. This might indicate that the ldentification
of a cignal of a rarticular type is an individual =211,

The only atiempt thatl was made to correlate the test under discussion with the
sudiocgrame of the subjects was through the AMA interpretation of the audiogram. Thesse
correlations appear in Tables 10 and 11, The generally low walues are possibly at-
tributable to the limited range of the AMA scores, explained above. There is the con-
trary observaticn, however, that the AMA scorcs of the two ears correlated .62, This
significant corralstion might indicate that the AMA scores were more valid tharn this
¢iscussion would indicals.

The varicus measures that were cbteined for the two ears were correlated through
biserial correlation with the arbitrary pagg-fall categories of the Glerig test,
N = 486, The correlations were low, but were statistically significant, under the
assumption thaet p bis = r. The higher correlations were again associated with the
" 3£t or the mors rracticed ear.

Tone Tone Noise Noise Words Words

Score "lut offH Score "Cut off" Score fout of %
Right ear 17 8 26 26 21 .15
Left eary .2/4. .23 Q)’O -30 .25 ,2;{..

These same meacures were correlated biserislly with the rass-fail catsgories of
the New London test for each ear, N = 4%9. Again, under an assumption of equality of
T and ¢ bis 21l of the correlations were significant with the possible exception of
tone in the right ear. These correlaticns were uniformiy higher with the left ear than
with ths right ear. In this instance two "prectice" effects may have operated. In
both tests the right ear was tested first. The relative reliability hetween measures
cf the *first ear® and "second ear" in "quick" audiometry may be reflected in the
atatistically significant difference between the "right ear-right ear" and the"eft ear=-
left ear® waluves {immediately above) relative to fone.

.
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Tone Tone ilolse Noise Words Words
Secrre "Cut of" Score "Cut off?® Scere "Cuy off"
L T L R L R L R L R L R

?nght; ear (He'.. L‘O!ﬁv’.‘h) 21 .08 19 .C8 35 L2 +35 .29 026 0210 5 420
Left ear (New London) R4 W .23 .13 o388 28 29 W27 2T W21 26 L16

The two zets of correlatlons cited above, "pulse test yg. Clorig® and "pulse test
¥g. New London,® are of the sawe order cf magnitnde. This was not to be expected, The
Glorig pase~foil scores were dsisrmined binaurally, and the pulse-test scores mon=-
aurslly. The former would yleld the same result Irrespective of which ear was "poor.”
This wculd be expected to attenuate the corrclation coefficient in s compariscn with a
monaural teet., The New London "pass-fail®™ scores were monaural scores. Thus the “pulss
test ¥g. New London" correlations were based on the game ears.

A tetrachoric correlation was performed on ilie bimaural psss-f211 Glerig scores

aind the moneural ress-tail New London scores. These correlations vwers, r et = &5 and

«49 for the right and left wurs respoctively (N; 486). Both values were of a higher
order ol magnitude than the similar ccorreiaticn of these tests witin ths pulse test.

MU T

The pulse test was modified and coupled with a word recertiion test in a manner to
permit 12 administrations, Six of these were dasignated Form 1, and the remaining ones
Form 2. The fact *hat in the construction of the forms a difference of 0,7 db occurred
between the level of the reference torie and sound rressure level of the test items was
apparent in the scorss that the two forms yielded.

Alternative procedures of scoring the ruise test, "cut-off scores"™ ys. "right
scores,” did not yleld different results.

The scores for the ear that was tested second were higher than for the ear tested
first,

) Thus, the most representative scores oi "“eo test were assumed to be 1. nmumber right
(tone, noise, words), 2. practiced ear, 3. farm 1 (the higher level by 0.7 db). These
scores correlated with each cther, r .68 - .78,

Comparison pulse-type tests that sampled the frequencles of the speech range corre-

lated with each other, r tet 49 and .65, and with the present pulse-word test, p bis
02L g 0380

The merit of ths rresent pulsewiord test as a selection device depends upon the
value assigned the oresent word-reception test as a criterion measure.
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Table 1. Summary aof three 2nalyses of variance of error
scores of listeners who heard the pulse teat 1. before, 2. at
intervals during, and 3. after exposure to i2C min. of noise.
Basic measure: number of errors (of a possible 10) made by one
listener when responding to one type of pulse in an administra-
tion ol the test. N, subjects, 28 who wore no neadsets in noise
28 who wore one earphone, 28 who wore two eirphones,

Variance
Source of variation d.f.* Headset One earphone No headset
Trials (T) 13 i1.1ee 16,38 26 ,.,5%=
Type of pulse (P) 1 8,0 8.0 249 ,0%»
Subjects (S) 27 123.5#« 83.8a= 3T.Q%%
T X P 13 s 27.9%# 5.2
T X & 351 2.2 2.6%s 3.1
P x S 27 25.5%¢ 20.3=+# T.1oe
T x Px S 351 sH 3¢k
o degree: of freedom.
#® P, significant at the one percent level of confidence.




Table 2. Mean number of errors (of posaible 10) made b

! ma 28 liatener
each of }h administrations of 50C c.p.s. and white-noise poriiona o; :::”Bu%g
test., Three conditions of ear protection, e r ¢

Headset Conditions

Neodses Une karphcne No Headset
Teat e
No. {Min,) Noise Tone Mean Noise Tone Mean Ncise Tone Mean
1 o+ .11 &.7h &.Q3 3.83 3.97 3.30 3.65 .;j;; jt:;
e 15 4,70 5.11 Au.g1 3.69 3.72 3.71 5.28 3.79 &_s5k
3 30 5.07 5.19 5.13 .45 4,00 4.23 5.38 3.79 4.59
5 %5 .96 k.78 §.87 §.38 3.62 3.99 5.%5 3.93 4.69
5 60 5.07 5.30 5.19 b.a5 8,07 4,26 5.00 &.850 5 2k
6 75 5.19 5.67 5.%3 4,21 §.,21 4,21 5.38 4,31 & 8¢
7 90 5.26 5.63 5.45 5.38 4.38 .38 5.72 4.79 5.26
8 105 5.81 6.11 5.97 .79 5.07 #.93 6.07 4.90 5.49
9 120## 5.5 5.85 5.72 4,66 4.45 &.55 6.79 4.86 5.83
10 123 5.78 6.22 6.L0 4,59 &4.31 4.85 .83 4,72 5.28
11 126 5.22 5.37 5.30 3.6 3.07 3.38 5.10 3.79 4.45
12 129 5.00 5.19 5.10 3.31 3.31 3.31 k.50 3,86 4,27
13 132 h.56 K,74 4,65 3.55 3.52 3.5% 4,38 73,10 3.73
14 135 4,37 5.67 4.52 3.38 2.83 3.11 3.93 3.17 3.55

* pre-noise; one practice test preceded thile.

#2end OL noise
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able 4, Summaries of analyses of variance of the mean
scores Of panels of listeners on the noise and tcone portions of
the pulse test on repeated trials. Degrees of freedom (d.f.),
shown in parentheses after variance {(V), indicate sucesrive

# P, approximately at the 5% level of confidence.

stages in "selecting” data.

Variance
Source of 1C panels; T panels; T panels;
variation triais 1-15 trials 1-15 trials 6-15
Trials (T) 7.27{14)== S A3(14) e .52(9)
Panels (P) 24 ,36(9) =+ 8.59(6) == 5.95(6) #*
Noise-Tone (NT) 1.748(1) =+ 110.02(1)#+ B0.26(1)*=
Tx P .0k4(126) .23(84) L27(5%)
T x NT .21( 14} .36(14) .33(9)
P x NT 11.47(9)** 1.43(6)=# .83(6)*
T x P x NT L41(126) .25(84) L36(54
#%F, significant at the 1% level of counflidence.




Table 5. Summaries of analyses of variznce of scores on
the pulse test of one panel of nine listeners, on each of seven
days. Total scores, noise scores, and tone scores analyzed
separately.

variance
Source of
variation a.r, Entire test Tone only Noise oniy
Days (D) 6 18.13== g.64nn G.g0%*
Repetitions (R) 11 3,15%% 2.99%¥ .95
Noise-Tone (NT) 1 39,34ss
D x R 66 1.05 .88 .55
D x NT 6 1.42
R x NT 11 .80
D X R x NT &€ .38

#+ P, significant at the 1% level of confidence.




Table 6. Summary of sn analysis of variance of the scores

obtained on two portions of the pulse %test at 10 levels (see

FPigure 3 for relevant means). N, 120-132; 15 trials.

Source of variation a.f7. Variance
Noise-Tone 1 9856 .08 #
TLevels 9 50505 .60#+#
Remainder 9 625.51

#2F,  significant at the one percent level of confidence.
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Table 8 Summary of an analysis of variance of the mean

. 3
responses of 11 pa g of listenera to four administrations of
the pulse test intersper=s<d with noise.

varlance
Source oi variatior d.T. Tone Noise
Tests 3 1.21%% 3 T2%=
Panels 10 3.38## LT
Remainder 30 .36 .22

#+p, significant at the one

‘0
1)

rcent level of cconfidence.
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Noise
"Score"
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