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ERRATA - May 1968

The following corrections apply to AMRL-TR~-67-119, The Effects of

High Intensity Noise on Human Performance.

On page 10, Figures 7 and 8, the illustrations have been
reversed although the titles are printed correctly. The graph with
dbscissa "Noise Conditions"” should be Figure 7, and the graph with

- abscissa "Sessions" should be Figure 8.
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Abstract

Four experiments were conducted on the effects of broadband, high intensity
noise on human performance. In two expesiments the subjects’ pexformance was
measured on a Discrimination Task, based primarily upon visual discrimination
and short term memory, and in the other two experiments performance was
measured on a Hznd-Tool Dexterity Test. Four different noise exposure condi-
tions were used in each experiment: control (70 dB), 120 dB_ 130 dB, snd 143 dB
(re C.0002 dyne/cm?). In one experiment using the Discrirination Task, the
subjects wore earplugs, and in the other, subjects wore easplugs and an earmuff
with one earcup to produce an asymmetrical noise exposure at the ears. These
w0 types of ear protectors were worn also by the subjects it the two experiments
using the Hand-Tool Dexterity Task. Decrements on the Discrimination Task
were obtained at the two highest noise intensities for the asymmetrical exposure,
and po decrements were obtained fer any symmetrical exposure. With the Hand-
Tool Dexterity Test, significant decrements were obtained at the noise levels of
130 dB and 140 dB with symmetrical exposure, and at 140 dB with the asym-
maotrical exposure. The difference in performance between the two groups was
due to a different initial level of ability on the task rather than due to symmetrical
exposure had a grezier detrimental effect on the Discrimination Task than the
symmetrical exposure, while there was no differential effect on the Hand-Tool
Dexterity Test. These resalts are discusssd as & possible effect of the action of
high intensity noise on the vestibular system.
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SECTION L
Introduction

Various subjective symptoms have been repoeted by individoals exposed to high intensity
jet noise and several explanations have been offered to account for the symptoms. Nauses, vertigo,
inccordination, and & generz]l weakness of the budy have beer suggested as due to vestibulas
stimulation and to the elicitation of reflexes by vibration of the skin, muscles, and joints (refs 1, 3).
Symptoms of mental confesica or dificulty in thicking have also been noted (ref 3).

In spite of the interest in effects of jet noise on men working in such envircaments very
little has been accomplished in the objective mcisurement of buman performance eficiency in
noise. Any of the symptons experienced by individuals in jet noise could lead to 2 reduction in
performance eficiency. Furthermore, since proprioceptive refleres functica for the most part
without conscious awareness, pexformance eficiency could be affected rather severely at noise
intensity levels lower than those necess=sy to elicit subjective reports of dirxiaess, iacoordine-
tion, and mentsl confusion.

In previous stodies (refs 4, 6), we have demoostrated thet the ability of subjects to balance
on nxrrow rails (equikbeium fonction) vas adversely affected at noise intensity levels below those
that elicited the specific subjective symptorns discussed aoove. A particularly importast variable,
in addition to noise intensity, in producing decrement on the rail test was an asymmetrical pres-
entsticn of the noise to the ears, i. ¢, bin-ural stimulation of unequal intemsities at each of the
eary. Using higher intensities of poise cther investigaiors have found asymmetrical exposures to
produce more severe subjective symploms than aymmetrical exposures (ref 1).

The present study represents an exteasion of the study just described thet wag coaducted
using the rail test. In this experiment, an altempt was made to determime whether onmperable
results could be obtained using different types of tasks. One task was a Discriminstion Tesk that
mmdpmb&em&vmﬂbmﬂmtdéut@mmyd&eoﬂnﬁ
was & Hend-Tool Dexterity Test designed “ - - to meayre manipulative skill indepenrieat of
“intellectual factors™ (ref 2). Of particular iaterest was the determination whethes asymmetricsl
thamedmeaﬁedm&mhﬁsﬂnsym&wﬂmavbﬂh&e
observed effect is specific to the rail test. The subjective measure uscd in the rail test stody
(ref 4) was also used in the present experiment for correlation with the results of the Mental
Task and the Hand-Tool Dexterity Test.




SECTION H.
Method

i SUBJECTS

g A total of 48 male university students was used as subjects in four experimerts. They were

i paid volunteers and all were in their late teens or early twenties. In addition to normai hearing

! at sudiometzic test frequencies from 500 to 8000 Hz, subjects had approximately equa® sensi-

. tivity in both ears for each test frequency. No subjects were incluCed in the stody who had
grester than 5 dB (re 0.00(2 8yne/cm?®) hearing difference between the right and left ear at any
frequency.

Hgure 1. bperimentel Arvengement for Sobjoet Tosting with Hend-Tosl Daxterity Tout

USRI ) ) nr\m;. i
FprwavTwenS

NOISE SOURCE AND CHAMBER

Sabjecis were tested in a large reverberztion chamber (148 x 173 feet) which was vacent
except for the experimenter, the subjecs. the task, and the sound source. Figare 1 shows the
Jocation of the subject and experimentar in the noise chamber while the Hand-Tool Dexterity
Test was being administered. The subject sat in 2 sidearm desk while taking the psper asd
pencil Discrimination Task.

Figure 2 presents the amsient octave bxnd levels of the noise used in the stody and the re-
sulting octave band levels of the noise as 2 coasequence of the different types of zar protection
provided the schjects. There were two basic exposure conditions presented to the zubjects, a

symmetrical exposure condition in wiich the sobjects wore earplogs, and a3 asymmetrical ex-
mmnvh&&em“wﬂnpmh&mndnmm&
right ear.
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EXPERIMENTAL MEASUL .S
Discrismination Tes

Ope page from the Task wed in hir aperime? is preseoled ia figere 3 Symbok
appesred in 1-inch somare bozes. Coe box contained six sy=bols aad was cemfored daoetly’
above Fxr bozes each of which 2l continad six symidels. The sulfects” sk wis to coenpare
cach of the forar baxes with the cge cexterad above them 253 9 noke the puzber of dfarences
between the=s ca 2 Sne dinectly under each f the fox bores. Incach ba e is X axa ™V
ic the upper rigit bns camer; a2 “0” ar a 7/ in the voper Ift haad oorney, with 2d3itoest
pairs of syvaboks occupring the remmaining postions shown fn Sgure 3 The comcparisce was
mads s5 20 whetley the axe or dfirment symbols occupsed the same relrtive spatisl position.
Under each of the foor boses the schject wrote 2 orcbher 2t represested S nomber of
o cafereacts that couid cocr was six s the minfvur was zevo. Aftre coopietion 47 2 st
of comper. oas, the sobjects woat e tn the next st of Sre baxes, thes to S 2ot o3 2%
wore comciessd or wati] th- time alotied 1o the task kad espired
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OCTAVE BANO LEVE! (48 10 0.0008 Dym/emt)
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) 49 4
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A dodd bk e bobot ik

Fgwee 2. Asshiont Neiss for Billervat lofomilios and Spachen ¥
Neotw in Sor Connls with Far Prabclos Shoun

Periormance on this tak was seasured fa two $-ninte periods, with 1 miscle rest given
tetw=n periods. Six derent hooklets were prepved with 14 sheets in each ome 3o Bt
discent test bookiet was avxilabie for each schiect for eech tosting vessica. The order of the
iadividsal sheets in each bockiet was sandosly anSzaed froen 2ea dificrent aster sheri i Tuwo
scoges were obiained for each stbiect, 2 score ior the Enst 4 mSofes 2ad 2 soore Sor the second
4 minstes of testing. The score for eack of “bes= time prriods was the ot sumbes of boxes
completed minus the numwber of exroes made. None of the sobjecis were able @ congplete a8 of
the comparons withia the Leminete ime Emst.
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Figure 3. One Page of Discrimination Task Used in Experiments
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Hand-Tool Dexterity Test

The equipment for this task consisted of three horizontal rows of nuts and bolts mounted
oi a wooden stanchion. The nuts and bolts were of three different sizes and four of the same
sizes were mounted in each row. The Hand-Too! Dexterity Test was developed by Bennett “to
provide 2 measure of proficiency in using ordinary mechanics’ toois” (ref 2). The subjects’ task
was to remove all the bolts from the left upright and transfer them te corresponding rows on
the right upright. The instractions and procedure rccommended by Benneit (ref 2) were used.
A foam rubber pad was placed over the working area surrounding the task to dampen the vibra-
tion of the nuts and bolts produced by the high intensity noise. The score on this task was the
time taken by the subject to transfer the nuts and bolts from the left upright to the right upright.
Although no norms for college students are presented by the author of this task, norms are pre-
sented for 4:1 male adults at a vocational guidance center. The score corresponding to the lst
per-entile was 12 min, 47 sec, to the 50th percentile 8 min, 53 sec, and to the 99th percentile
4 min, 32 sec.

SUBJECTIVE MEASURE

A snhjestive evaluation of the noise was obtained after each noise exposure. The measure
was based on a Semantic Differential technique developed by Osgood et al (ref 7) for measuring
meaning. The subjects were asked to rate “My Experience in the Noise Chamber” on 16 scales of
“bipolar” adjectives. Four bipolar adjectives were chesen to assess each of four factors. The
adjective scales of good-bad, nice-awful, valuable-worthless, and pleasant-unpleasant were used
to assess an Evaluative factor (E). The scales of heavy-light, large-small, thick-thin, and strong-
weak were used to assess a Potency factor (P). Sharp-dull, angular-rounded, active-passive, and
fast-slow were used to assess an Activity factor (A). The scales of awkward-graceful, private-
public, exciteable-calm, and constricted-spacious cre used to sample what Osgood et al (ref 7)
suggest may represent “some sort of anxiety factor” (Anx). Standard instructions were given for
the Semantic Differential measure. Since in previous experiments these factors were significantly
correlated and a more reliable mieasure could be obtained by using one score based on all four
measures, in this study each subject’s score was the mean of his ratings of the 168 bipolar
adjectives. Scoring was on a scale from 1-7. A score of 1 would indicate that the subject rated
his experience in the noise as good, light, passive, and calm, whereas a score of 7 would indi-
cate that the subject ruted his experience as bad, heavy, active, and excitable.

Our hypothesis was that the results obtained with the subjective measure would be similar
to the results obtained in our previous study in which the subjective measure was preserted
after the rail test. In the rail test study, the mean subjective rating increased with the in-
tensity ~f the noise, and the means for the asymmetrical noise exposure conditions were higher
than the means for the symmetrical exposure conditions.

g
PROCEDURE AND EXPERIMENTAL DESIGN
Upon their first appearance at the laboratory subjects were given instructions and practice
in the proper procedure for perfurming the tasks. The groups that performed the Discrimination
Task came for two preliminary training sessions in which they performed the task without noise
in the same manner as used in the experiment proper, i.e., two 4-minute testing periods separated
§ by a l-minute rest pericd. In addition, at the end of the second preliminary training session sub-
g jects were briefly exposed to the noise at each of the intensity levels used in the study. The
%
§

i Pt Lt iie

PALQUIN PR AN P i VLR R

groups that performed the Hand-Tool Dexterity Test came for one preliminary training session
in which they performed the test twice, and at the end of the practice testing were also exposed
to the noise at the intensity levels used in the study. Subjects were exposed to the noise during
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the practice session to reduce possible anxiety that might arise later in the experiment due to the
unaccustomed exposure to noise.

The same experimental design was used in all experiments. Each subject received all ex-
perimental conditions at ambient intensity noise levels of contrel (70 dB), 120 dB, 130 dB, and
140 dB (re 0.0002 dyne/cm?). The four experimental conditions were presented in four differ-
ent orders, ABCD, BDAC, CADB, and DCBA. Two subjects were assigned to each cf the orders
of presentation in the experiments with 8 subjects, and 4 were assigned for each order in the

experiments with 16 subjects. A summary of the experiments and the various conditions involved
in each is give 1 in table 1.

TABLE 1
SUMMARY TABLE OF EXPFRIMENTAL CONDITIONS

Experi-  No.of
ment Ss Ea: Protection Task During Noise After Noise
I 8 Earplugs Discsimination Task Rail® Subjective
14 8 Earplugs and 1 Muff Discrimination Task Rail®* Subjective
I 18 Earplugs Hand-Too! Subjective
v 16 Earplugs and 1 Muff Hand-Tool Subjective

*In these rafl tect for measuring equilibrium was termination of the
B e et o e o e e P fommination of b
in a previous paper (ref 4).
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SECTION il
Results

The same analysis of variance technique was applied to all data obtained in the experiments,
since the same experimental design was used for all experiments. The technique was one recom-
mended by Lindquist (ref 5}, for use with a Type II experimental design.

Table I presents the results of Variance Analyses for the data obtained by use of the
Discrimination Task. In the four analyses summarized in this table only one significant effect
was obtained for noise conditions. This effect was obtained for the first 4-minute testing session
for the asymmetrical exposure. Mean differences were evaluated by use of a t test. The
decrements associated with this significant effect were obtained at 130 dB and 140 dB and they
differed from the control measure at probability levels of p<.1¢ and p<.05 respectively (see
table I1I). Figure 4 presents these daia in graphic form. Although, the absolute difference between
any noise condition and the control condition is relatively small, the difference between asym-
metrical and symmetrical exposures is clearcut for the first 4-minute period. There is improve-
ment in performance, although not statistically significant, at the 130 dB and 140 dB levels in
the symmetrical group and a decrement in performance at these levels for the asymmetrical
group. There was also a sigunificant effect for sessions obtained during the first 4-minute test
session for the asymmetrical exposure. The mean of the 4th session was significantly larger than
the means for sessions 1 and 2.

The results preseated above were based on a corrected score measure which was the number
of boxes completed minus the number of errors made. Therefore, the decrement in performance
could have been due to an increase in the number of errors or due to a decline in the number of

0r
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O SYNNETRICAL
@ ASTENETRICAL

MEAN BOXES COMPLETED (CORRECTED SCORE)

O"EATAOLI20 10 10 CONTROL 120 130 HO
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items attempted. Figures 5 and 6 help to clarify what happened to the subjects’ pexformance as =
a result of the noise exposures. In figure 5, during the first 4 minutes for the asymmaetrical ex- E
posure, the subjects completed approximately the same number of boxes under all noise condi- %
tions. If the same period is examined in figure 6 for asymmetrical exposure, the mean errors in- -
creased with the increasing intensity of the noise exposure. Therefore, the reason for the decre- g
ment it performance is obvious. ;
i

TABLE I %

RESULTS OF VARIANCE ANALYSES FOR CORRECTED §

SCORE OF DISCRIMINATION TASK §

Source of Variance ;

Analysis Groups(Order) NoiseConditions  Sessions NCxS ;
Earplugs and 1 Muff

Jst 4 minutes ns. p<05 p<05 ns. :
Earplugs 3

2nd 4 minutes ns. ns. ns. ns. !
TABLE I :

MEANS AND DIFFERENCES FOR CORRECTED SCORE
OF DISCRIMINATION TASK FOR NOISE CONDITIONS

Noise Conditions Mean A B C D

Earplugs and 1 Muff
1st 4 Minutes
A (Control) 425 T2 213* 295¢* £ 0
B (3204dB) 4500 258%* 3.00%¢*
C(1304dR) 4212
D(140dB) 4200

Means for Nonsignificant Measures
Earplugs and 1 Muff Control 1204B 130dB 140db

20d 4 Minutes 4262 “4n5 41.00 242

Earplugs
1st 4 Minutes 45.00 4450 4588 4588
2nd 4 Minutes 4450 425

Prmomh i » bk s s

*p<L 10
*pL 05
seep 01
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These figures 2lso make it obvious why no significant decrement in performance was obtained
during the second 4 minutes for the asymmetrical exposure. As can be seen in figure 6, these is
little change in error sceres from the first 4 minutes to the second 4 minutes, however, Sgure 5§
reveals that the number of items completed, relative to the control group, increased with noise
intensity during the second 4-minute exposure and this increase cancelled out the effect of the
emrors according 6 our scoring procedvre. By examining the same figures for symmetrical expos-
ures, the mean error is much less ai the two higher noise levels than for the asymmetrical ex-
posures. Fusther, the small increase in error is more thau compensated for by an increase in the
number of items attempted.

Table IV presents the results of the Analyses of Variance pesformed on the scores cbtzined
by use of the Hand-Tool Dexterity Test. Ia the anzlyses performed for the two exposure groups,
significant effects were obtained both for noise conaitions and for sessions. Significent increases
in the time taken to complete this task occurred at noise levels of 130 dB and 140 ¢B for sym-
metrical exposures, and at the ncise level of 140 dB for asymmetrical exposures (see table V).
Figure 7 presents the mean time in seconds that the subjects took to comglete the task in both

exposure groups at each noise condition. From this figure ihere was a large difference between
&em@lmfm&&m%kged&ammtbem@aﬁhgoﬂb&emw
the task makes it dificult to determine the relative effects of asymmetrical versus symmetrical
exposure. The difference between groups was due mainly to the data obtained in session 1 as
seen it Sgare 8 where mean time to complete the task is plottod against sessions for both sym-
metrical and asymmetrical exposures. There was a large differ=nce between these groups dur-
ing session 1, but relatively little differences between groups during the rem>icing three sessions.
Bexause of the extremely poor performance of the subjects during session 1 for asymmetrics] ex-
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posure regardless of noise inteasity level, differences between noise conditions were obscured.
Performance at the Jower ncise levels was so poor that the subjects could not show much in-
cresse in mean performance time at the higher noise levels where an increase might be expected.
This was indeed the case as seen in fignre 9 where the same data are plotted as in figure 7 minus
the data for session 1. With the data from session 1 removed, the shape of the curve for sym-
metrical exposures remains apr oximately the same as with all data included. In contrast, the

TABLE IV

RESULTS OF VARIANCE ANALYSES FOR HAND-TOCL
DEXTERITY TEST (TIME SCORES)

Source of Varicnce
Analysis Groups{Order) Noise Conditions  Sessions NC=S
Earplugs and 1 Muf ns. p<005 p<001 ns.
Earplugs ns. p<o0l p<.001 ns.
TABLE V
MEANS AND MEAN DIFFERENCES FOR NOISE CONDITIONS FOR HAND-TOOL
DEXTERITY TEST (TIME SCORES IN SECONDS)
Noise Conditions Meen A B C D
Eerplugs cnd 1 Muff
A (Control) 20325 294 isl 17.00*
B (120dB) 208.19 475 1407
C{1304dB) 201.44 1881
D {(140db) 31025 -
Esrplugs
A (Control) 27309 713 13.69** 3595
B (120dB) 27256 20.82¢ 4238*
C(1304db) 29338 21.66*
D (140db) 31494
*p<L 01
e 2 €2

curve for asymaetrical exposure shows « !stge relative increase in the mean time to complete the
task at the 130 dR level This comparison brings the results of both groups into agreement; an in-
crease in the mean time to complete the task at 130 dB and 140 dB over the mean time for con-
trol and 120 dB. The differences among noise levels are still larger for the symmetrical exposure
group than for the asymmetrical exposure group and may represent a true difference between
groups.

in the experiment with the Hand-Tool Dexterity Tast, three subjects mentioned that they
»cve bothered by the shaking of the smallest bolts in their stations by the noise at 140 dB. The

12
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é shaking occurred when as part of the standardized test procedure the subjects transferred the
P E smallest nuts and bolts to the opposite side, tightened with the fingers, and then tightened further 5
B using 2 screwdriver and an adjustable wrench. The main dificulty occurrad in getting the screw- :
- driver and wrench in place after they had initially tightened the nuts and bolts with their fingers. 3
E & Direct observations by the experimenter indicated that shaking of the nuts and bolts did add
= £ to the time required to complete the task but only by a few seconds at most. Eleven subjects,
: E questioned after the spontaneous comments of the other three had been received, reported that :
3 the shaking of the nuts and bolts bothered them very little and they thought it had little effect Z
g: on their performance. H
< g
~§ severe subjective experience than the symmetrical exposure condition when the Discrim' ion §
- Task was used. However, when the Hand-Tool Dexterity Task was used, there was litle  fer-
:?§ ence in the subjective ratings for the symmetrical and asymmetrical groups (see tables ~ and
; E VII). In figure 10, there was a clear diffzrence between mean subjective ratings for the asym- :
< H
i g
- 8
s
]
-
3 g =
: E ol T STEmETREAL wrpTEST ‘
% b ¢ 1 3 1 |
: NOISE CONDITIONS (48 re 0.0002 Dyse/ca?)
1 % Figure 10. Moan Subjective Reting ot Each Neice Conditien for ANl Experiments
- B that this was the case, since a significant effect for noise conditions was obtained in analyses of
variance for only the asymmetrical exposure. On the other hand, the symmetrical exposure woald i
B seem 0 be more severe at the higher noise levels than asymmetrical exposure for the Hand-Too: !
. Dexterity Test, if we judge from the curves in the figare. However, statistical analyses conducted §
; g on these data indicate that this difference was probably not a genuine difference (see tables V :
L B and VI) since for both groups the mean rating at 130 dB and 140 dB were both significantly
5 g kigher than the wnean ratings at control and 120 dB, and the mean rating at 140 dB was signifi- :
3 § cantly greater than the mean rating at 130 dB. B
: = é
B 13 :
H g g
: £
: i
: §
1 E




TABLE Vi
RESULTS OF VARIANCE ANALYSES FOR SUBJECTIVE RATINGS

Source of Varience
H Analysis Groups(Order) Noise Conditions  Sessions NC=S
Mentel Task
g Earplugs and 1 Muff ns. p<005 ns. ns
4 i Head-Tool Dexterity Test
i H Earplugs and 1 Muf ns p<001 ns. ns
i Earplugs ns. p< 001 ns ns
=
i

E TABLE VII

MEANS AND MEAN DIFFERENCES FOR SUBJECTIVE RATINGS AT EACH
NOISE CONDITION IN ALL EXPERIMENTS

- Noise Conditions Mesn A B c D
3 During Mentel Task
= Earplugs and 1 Muff
4 A {Cootrol) 387 24 P 132
B (120dB) 391 15 108°**
C(1304dB) 408 [3°*
D(140dB) 499
3 Earplogs 380 371 38¢ 431
Duriag Hand-Tool Dexterity Test
3 Earplugs and 1 Muff .
3 A {Control) 34 10 AB6°* a3
3 B (3203B) as1 36° £30
C{130dB) 387 ; 26
D (140 dB) 413
= - Earplogs
= A {Cootrol) 337 i i3 58 101%
- B{120dB) 348 46* 85
4 C{(330dB) 35 £3°
3 D{130d8) 438
PO
**pgol
- i4

NIt
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The resulis obtained with the Disriminetion Tk are redathedy dearent f ooly the data
based on the comrescted soores are corsidered. Asymumetrical noiee exposcre bad a datrimental of-
fect o the task dusing the Erst 4 minntes of exposure but no deirimerts] eSect drxing the seccnd
44rinute exposure session. Furthermore, symmetsicsd oose expeame had oo SgniBieat efect o
the Discriminztion Tad during either the frxt or sectod 4-minmte pesiods,

The results presented above were based o 2 corrected soore smeasure that was the rexmber
of boxes campleted minus the mamber of eqars made. Therefare, the decrement in pesformance
ccuid bave been doe 20 33 inxrears in the sumber of evoes or 2 decEne in the aomder of #e=s
attempted. Ti» diferences between asymmetrical and symometsical exposeres can be better oader-
stood by considecing the romber of boxes completod and the zumber of emroes rather than the
carrected score The most interesting 25pect is the dference #n the number of evars made by
the two groops. The anmeneivical exposcre 2t 13048 anc 180 dB =t oely prodneed rore erroxs,
bot the mean enor for the second 4 miottes was almost a5 harpe a5 8 was Sor the St 4 mintes.
This was clearly oot the case For symumetrical expostres. The mmnber of eqoes ia the Iatter case
showed a Sear decline from the £nt $-mincte period o the second $-minsle period.

The apparent adaphation of the asymmetrical group o the noke coostred by an facrease i
the pumber of items attemmpted 2ad nct by 2 decrease ia the mamber of errars =ade The adapta-
tion of the synmetrical groep to the noise was due v 3 Gacvess= ia the momber of bozes 22-
tempted with 2 corvespoadinz increawe #n accoracy ffewer eooss).

In contrast 20 the resr2ss cbtained oo the Discrimimation Task, the resuits of e Ma=xn! Dex-
seity Task do not suppart 2 differential effact for asyometrical vesos symamefrica] exposores. A

> decremnent in perfurrmance was cifainad in the symenetrical expe.=re groop at L2 4B
and 140 dB, and at 140 @B for the asymmetrical exposere groop. This rese® was scoewhat sar-
paising sSace a previces stody osing 2 rail test (ref £), 25 wedl s the Discrizzation Tasd = this
stody proved that these tasks wewe more adverset affected by asymmetsical &xposcres.

The greatest dference between the Hind-Tool Dexterity Test groups occarrad dorizg session
1, where the asymmetrical exposzre groop 3id moch worse than the sy=emetrical exposme group.
The two groups were gote similar in performance scores dving the last tzye testing sessionr
When oy the data of the Ixst three secsions were wsed o aoempote the mesey for noies coadStions
{Eg=e 8), it was fornd that fe cmves lad approxizatedy the e patters: hirper mess tizes
to coerpiete the task at the =gher noise inteasity kneds of 130 dB and 190 dB thas were ob-
tainec at the Jower leveds of atrol and 120 dB. Theredfore, we wocld tet2tivedy comcdude tnt
i sohiects of commparable fxstial abilty had been wsed 2 siznificiat icrease in the time taken %0
camplete the task world hive cocmrred 2t the higher noise SSteasity Jevels for both syrmmmetsical
and asymenelrica] exposores.

These are 2 momber of possible reasces for Bhe fitkore o denoestiate 3 Cilfferes’Sl et
for asymmcttical-syzenetrical exposimes. Une possiisiity is Gat the adverse efiect an perfocmmance
I both asymmetrical and symmettical exposures was doe to 2 direct metineacsl SAelerexe
wth this task and 5 mechanics! interference wzs s iScient to cbscrre 2 difmrential effect As
mentisoed in the resolits section, Sree suhiects staten that they wese bothered by shakSag of the
scailest bolts in their statioes 3t the iSgher noise intenslty Jevel of 140 B, Mecha=ical inter-
ference wdocbtedly did gdox down (e subjects at 140 dB. even though most scleces reported
that sicking of the bolts a%ed to Suw them dows very Bitle. However. miamics] interirrence
probably did oot prodoce the decrement 2t 130 B
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Cousidering the data obtained in previous studies on the rail task, and in the present study
on the Discrimination Task and the Hand-Tool Dexterity Task, the more adverse effects may be ex-
pected with asymmetrical exposure on tasks that require 2 high degree of control over bodily
balance and tasks that reguire visual discrimination and short term memory. However, on simple
manua! dexterity tasks there would seem to be little difference in the effects of asymmetrical
versus symmetrical exposures. Additional experiments should be conducted using subjects with
the same initial ability on manual dexterity tasks to determine the influence of this variable.

The overall results seem clear in pointing out that the rated severity of noise exposure is
very much affected by the activity an individual is engaged in when presented the noise. The
data obtained by use of the subjective measure agree weil with the results of the rail test and the
Discrimination Task in that asymmetrical exposures were rated as being more severe than sym-
metrical exposures. In addition, if the difference on the Hund-Tool Dexterity Test was due to the
difference in the initial level of ability of the groups on this task rather than to the symmetrical-
asymmetrical variable, then the subjective measure also agrees with the results of this task, since
subjective ratings indicate essentiaily no difference in results as a consequence of symmetry-
asymmetry.

The results of the present study and the previous one using the rail test are unusually cleer-
cut since most of the literature ou the effects of roise on human performance point out the con-
fused state of the area. Shoenberger and Harris (ref 9) state: “Perhaps the only conclusion one
can reach from reading roviews of the effects of noise on human performance is that there are
effects. Whether these effects are detrimental or facilitative (or both), how they are related to
intensity, what changes occur over time, ¢ic, remain largely undetermined.” The main reason our
results seem clearcut relative to the previous literature is that we are no longer studying the same
problem as is discussed in some of the early review articles on the effects of noise on perforrnance.
Although the noise intensities in the ear canals of our subjects were no higher than have been
used in many previcus experiments reposted in the literature, the difference appears to be greater
extra-auditory effects of noise on cther body mechanisms in the present studies. The exact extra-
auditory system that interacts with noise in the ear canal to produce decrements in performance
is not known at this time. Ades (ref 1) has suggested a number of years ago that “the first sensory
system after the auditory to be assaulted by intense noise is the vestibular.” Qur results give some
support to this premise since thuse tests that involved greater proprioceptive activity (the rail
test and Hand-Tool Dexterity Test) revealed greater sensitivity to the noise than did the test
that involved little proprioceptive acti” *r (Discrimination Task). Many other explanations of the
results of the preesnt experiment could be offered, however additional research is needed to bet-
ter define the response of the vestibular system to high intensity ncise exposure.
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