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In.our Iaboratory vibrution has been shown to be the primary
capse of perforinance Impuirment in stodies of the comblued
effects of noise and vibration on human iracking performance,
Noise hus had Nitle conslstent effect when presented alone, and
has added little or ot 4t all to the impnlrmeat produced by vilwas
tlon. In two studies with heat jucluded ax g third stressor, vibiro.
tiont presented sfone hud A slightly more ndverse effect on track-
ing performance ibhon comblined beat, nole and vibration, In
the present experlment, 12 subjects were vxposed o lower nolse
und vibration levels for a looger period of time than used pre-
viously. Subjects were tested under the following conditons:
(1) no vibrotlon——60 dB (dl re 20 4N/m?) noisc; (2) no vibras
tior—100 dB nolse; (3) 6 Fz vibrutlon st 010 g, (peak)—60 dl
nolse; and (4) 6 Hz vibration at 0.0 g,—100 dB nolse, Noise
lind no siguificant effects on tracking performnnce, while vibea-
tion adversely affected both dimensions of he teacking task, On
boih horizostul and vertlcul tracklog, vibration comblned with
60 dB polsc produced greater |mpalrment than vibrutlon come
bined with 100 B nolse. These resulis pacullel previous findings
from studies of combined nolse, heat, and vibeation, und give
support lo w subtractive internction Interpretation of the com-
binedt effects of nolse and vibration on human trocklng pecforin.
nnee.

¥ N OUR LABORATORY four siudics have been con-

ducted on the effects of combined stress on human
tracking performance and response time. In two of the
studics®® the combined cffucts of noise and vibration
were investigated, and in the remalning two, heat was
included as an additionn! wvariable'¥ In all of these
studies the major cause of performance decrement was
vibration. In the first study® noise produced an ndverse
effect; however, the effect was small relative to the effect

‘The research reported in this paper was conducted by person-
nel of the Aerospace Medical Research Luborntory, Aerospace
Medicn! Division, Alr Force Systems Command, Wright-Patter-
son Air Force Huse, Ohjo, nnd supported in part by the Environ-
mental Protection Agency (EPA) under Interagency Agreement
No, EPA-TAG-018)(13). This paper has been identificd by Aero-
space Medical Reseurch Laboratory s AMRL-TR-72-83, Further
reproduction is awthorized to satlsly needs of the US Govern-
ment.

The voluntiry informed consent of subjects used In this re-
search was obtained as required by Alr Force Reghlation 80-33,
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produced by vibration, Vibration clearly affected ail task
mensures (red and green light response time, horizontal
and vertical tracking) while noisc affected only the verti-
cal dimension of the tracking task, and on this measure,
the error produced by vibration was more than three
times as large s the error produced by noise. Since only
I of the 4 task componenls was affected by noise, the
validity of this finding seemed questionable. A followup
study® confirmed our suspicions, since no effect of noise
was found on any of the tasks, and high-levet noise com-
bined with vibration produced no greater effect on per-
formance than vibration combined with low level noise,

In a study including heat as & variable, Grether, Har-
ris, Mohr, Nixon, Ohlbuum, Sommer, Thaler, and
Veghte! found that vibration presented with low level
noisc and & low ambient temperatere produced more
adverse effects on the two dimensions of the tracking
task and green light reaction time than vibration com-
bined with comparatively high levels of heat and noise.
The authors of the study conclude: *. . . The direction
of the differences suggested n small antagonistic interac-
tion among the stresses. It scems more likely, however,
that these differences were due to chance factors.—
{(Grether et at?).”

A subscquent experiment by Grether, Harris, Ohl-
baum, Sampson, and Guignard® using approximately
the same procedures, compared ambient, vibration, vi-
bration and heat, and vibration, heat, and noise condi-
tions, The results generally confirmed the results of the
previous experiment and demonstrated that vibrition
alone produced slightly more performance impairment
than cither combination of vibration and heat, or vi-
bration, heat and noise. The authors state: “Generally,
the differences between stress conditions were not statisti-
cally significant, but the findings are consistent in direc-
tion for iwo measures of tracking and two measures of
reaction time, Thus, the direetion of this relationship, in
two separate experiments, coufd hardly have been a
chance factor (Grether ef al*)."

There are o number of differences between the studies
conducted by Grether er al', Grether et al2 and the
studics conducted by Harris and Shoenberger,® and hy
Sommer and Haeris® In Grether's studies, the subjects
performed a verbal task sinultancously with the tracking
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and reaclion time tasks, while this tnsk was not included
in the other studies. Noise and vibration were not pre-
sented as scparate experimental conditions, therefore,
the results may be due 10 the interaction of vibration
with heat rather than noise, Further, in Grether's studies,
a 105 dB broadband noise was used while in the Harris
and Shoenberger® and the Sommer and Harris® studies
a 110 dB broadband noise was used. In spite of these
differences, in all studies vibration was the prominent
vatiable that produced impoired performance. From the
results of these experiments, the most appropriate con-
clusion is that broadband noise (up to 110 dB) presented
for short time periods (20 to 30 minutes). does not
interact in any consistent manner with vibration {5 Hz,
0.25 to 0.30 g peak), in affecting psychomotor per-
formance.

The purpose of the present study was to test subjects
for a longer period of time with lower noise and vibration
levels. The longer durations should allow the noise to
have a better chance to “interuct™ with the lower level
vibration.

MATERIALS AND METHODS

Subjects; Twelve male university students ranging in
age from 19.t0 23 years volunteered for participation in
the experiment, As determined by standard audiometric
methods, all subjects had normal hearing, within the
frequency range of 500 to 6000 Hz, with no greater
than 5 dB difference between cars at any frequency,

Apparatus; Vibration stimulation of 6 Hz at 0,10 g
{peak) was presented by an MB Electronics Model C-3
clectromagnetic exciter. Subjects sat in a chair with a
wooden seat which was mounted on top of the shake
table and were restrained by u lap belt, Peak accelerution
was monitored continuously at the seat of the chair.

The noise exposure was produced by n Grason-Stadler
type 455-B white-noise generator, amplified by an Altec
351-C solid-state amplificr and passed bilaterally to a
militery H-157 headset worn by the subject, The noise
spectrum measured undey the carphones for both overall
levels of 60 dB and 100 dB (dB re 20 pN/m? can
e seen in Figure 1. The tasks used for measuring tracking
und response time performance will only be described
brielly since a complete deseription of these tasks can be
found elsewhere (Shoenberger'). Figure 2 shows o
subject in place for am experimental run. On (he tracking
task, the subject was required to keep a dot in the center
of a stationary circle by use of n displacement-type
hand centroller mounted a1 the end of the right arm rest.
‘The circle was 3/8 inch in diameter and was presented
in the center of the cathode riy tube (CRT) at a distance
of 20 inches from the subject. The dot was moved ran-
domly nbout the CRT by horizontal and vertical forcing
functions recorded on magnetic tape. The separate fore-
ing functions were compased of random noise filtered to
bypass 0.075 to 0.75 radinn per second. The subject's
displacement of the control stick was proportional to the
velocity of the dot movement. The error score for encl
channel was the integration of the sum of voltages for
both the control stick and the program over a 4 minue
period.
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Fig. 1. Noise specirum nt 60 dB and 100 4B,

T'wo reaction time lasks, response to red lights coming
on and green lights going off, were presented in conjunc-
tion with the tracking task. The subject’s display panel
wis located to the left of the CRT and consisted of al-
ternating red and green lights with o response button lo~
cated directly below each light. Three red and three green
lights were used. There was an average of 11 chanpes
cuach of both red and green lights during the 4 minute
test blocks, The time interval between lights varied be-
tween 7 and 15 seconds, and if the subject did not re-
spond to o light change within 6 scconds, then the light
autematically reset 1o the normal position, The number
of misses, incorreets, and cumulative response time were
recarded throughout each 4 minute block.

Procedure; All subjects were tested during 7 different
test sessions—3 practice and 4 experimental sessions.

. Fig. 2. Experimental arrangement for tracking and response
timw fasks,
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TABLE I. RESULTS OF VARIANCE ANALVSES FOR EXPERIMENTAL MEASURES

Measure Noise{N) Vibration(V) Trinls(T) NxV NxT V7 NxVxT
Horizontal Tracking NS p < 0.05 NS p < 010 NS NS NS
Vertical Tracking N5 p < 000 p < D05 p < 008 NS NS NS
Red Lights NS NS NS NS NS NS NS
Green Lights NS NS NS Ns NS N§ p < 005

TABLE 1. MEAN SCORES TOR PERFORMANCE MBEASURES FOR EXPERIMENTAL

CONDITIONS
Measura 60 dB—0 Mz 60 dli-=6 iz [00 di—=0 Hz 100 di—6 1z
Horizontal Tracking (crror) 130 1.t 154 159
Vertical Tracking (error) 15.2 208 164 189
Red Lights (scconds) 1.3} 1.30 1.28 1.25
Green Lights (seconds) 1.45 1.43 1.46 1.40
A session was 2-1/2 hours long and each subject com-  RESULTS

pleted all sessions within @ 2 week period, Each session
consisted of five 19 minute trials, which were further
divided into four 4 minute blocks, After cach 4 minute
block of testing a ! minute rest period wis given, and
at this time the subjects were informed of their scores on
the tracking task, Between trinls n 10 minute rest was
given, and during the rest periods subjects were instruct-
ed to remain seated erect and keep alert, On each of the
4 days of cxperimental festing, onc of the following
conditions wns presented: (1) no vibration—60 dB
noise, (2) no vibration—100 dB noise; (3) 6 Hz vibra-
tion at 0.10 g.—60 dB noise, and (4) 6Hz vibration
at 0,10 g—100 dB noise. Different orders of presenta-
tion were used for administering the experimental con-
ditions. Vibrition and noise were administered continu-
ously throughout the 2-1/2 hour test period,
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The sume analysis of variance technique, a threc-way
treatment X subject design, was applied to the data ob-
tained irom all four measures in the experiment (Tables
Iand 11}), Significant effects were obtained for vibration
for both horizontal and vertical tracking. In agreement
with previous studics, vibration had a greater cffect on
the vertical part of the tracking task than it did on the
horizontal as can be scen in Figure 3. Vertical tracking
also showed a significant effect for trials and for the noise
X vibration interaction, The effect for trinls is shown
in Figure 4. The figure indicntes a slight learning or
adaptation cffect for both horizental and vertical tracking
scores, The lowest scores occurred on trial five for both
horizontal and wvertical tracking. This may have heen
an “endspurl” produced by awarcness of the subjects that
this was the last black of testing during the day. However,
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Fig, 4, Mecan error for trizls for both horlzontal and vertical
racking,
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the only significant difference between means was found
for Trial 2 and Trial § of the vertical tracking scores,

The most interesting effect obtained in the experiment
was the noise X vibration interaction which was stutisti-
cally sipnificant for vertical tracking and which ap-
proached significance for horizontal tracking, In Figures
5 ond 6, it can be scen that the interaction occurred be-
cause without vibration 100 dB noise increased tracking
error over 60 dI3 noise, and with vibration the tracking
error at 100 dB was less than with 60 dB nolse,

The differences between the noise condition mesns
were not significant at either level of vibration for either
horizontal or vertical tracking, For vertical tracking
scores, vibration was statlstically significant at the 60 dB
level but not significunt at the 100 dB level, Similarly, for
horizontal tracking scores, vibration was significant ot the
60 dB noise level and not significant at the 100 dB level.

The only statistically significant effect obtained in the
analyses of variance for the response time measures wis
& three-way interaction of noise, vibration and trials for
green light response time. The reason for this effect waus
that the response time was less during the first trinl and
the fourth and {ilth frials for the 6 Hz—100 dB condition
than for the other three conditions (Fig. 7). And this
difference, of course, was reflected in the overall meun
for conditions, where the fustest reaction time wns ob-
tained for both green and red lights. However, these
differences are not stotistically significant, and the re-
sponse time data are probably not reliable since a large
number of errors were ebtained under all conditions, The
errors were not orderly in terms of conditions or time.
In previous experiments (Marris ond Shoenberger®;
Sommer and Hurris®) crrors were so few that they
could safely be ignored in computing .response time,
This was not true in the present experiment, and the in-
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vibration and 6 Hz vibration with both noise levels ,
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Fig. 7. Mean green light reaction time, per response, for trinls
for each experimental condition,

crease in errors occurred because subjects were not given
knowledge of resulls concerning errars after each 4
minule block of testing, as was done in previous cxperi-
menls, As a consequence, the response time tasks be-
came truly secondary tasks, and the scores obtained in
this experiment are not comparable to those obtained
previously.
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DISCUSSION

The results of the present cxperiment support those
of Grether «f al)? and add consilerable gencrmlity
to the findings. Approximatcly the same pattern of re-
sulls was obtained even though the studies differed con-
siderably in intensity levels of noise wnd vibration, and
In testing time, Since heat was not included 15 n varinble
in e present study, this suggests that Grether's resulis
were due primanily to the inleraction of noise and vi-
bration, This is partially supported in the second study
(Grether et al®) where nll four performance tasks
showed less adverse cffeet with combined heat, noise,
und vibration than with vibration and heat, Grether
¢l al® tested two hypotheses concerning why such re-
sults occurred. The first hypothesis was that heat or noise
teduced the vibration energy received by the man, either
by relaxation or other alieration of body musculature,
This was nol confirmed when the amount of body trans-
mission was measured by an aceeleromeler altached to
the right shoulders of the subjects, Body transmission of
the vibration was approximately equal during both con-
ditions in which vibration was presented. The sccond
hypothesis was that motivation was increased by the
presence of an on-site medical monitor during the com-
bined heat, noisc, and vibration condition, By this means,
the experimenters were inadvertently informing the sub~
jects that this was the most important condition, con-
sequently, the subjects exerted more effort and obtained
better scores than they would ordinarily have obtained.
In the sccond experiment, the medical monitor was not
present and appreximately the same results were ob-
tained. The expectations of the subjects and their belicls
about the relative importance of the experimental condi-
tions cannot be ruled out as a cause, since they could
not be kept ignorant of the test conditions. Nevertheless,
in both of Grether's studies as well as in the present one,
attempts were made to insure that subjects did rheir best
on cach day of testing. They were repeatedly urged to do
their best and were given knowledge of results after each
4 minute period of trocking.

An interpretation of the results in terms of “arousal”
theory is not appropriate unless we assume a Julling ot
samnolent effect for vibration, Otherwise, one must ex-
plain why high level noise without vibration did not
improve performance over low level noise without vibra-
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tion, 1f u lulling effect is accepted then the explunution
wonld be that low level noise does not alert the subjects
while high level noise alerls the subjects and partially
compensates for the Julling effeet, which leads lo superior
performance with high intensity noise combined with
vibration, This scems an unlikely interpretation because
of the motivation contrals mentioned above and becuuse
in the Grether er al)® studies a level of vibration
(0.30 gy peak accelerntion) was used that was unlikely
to produce 0 somnolent effect,

A better explanation for the subtractive interaction of
noise and vibration i that high intensity noise inhibits
input from the other sense modolitics. If this is the cose,
the noise may moke the individunls less sensilive to
vibratory input [rom the receptors of the skin, muscles,
and joints, Vibration, therefore, may bo less distracting
when presented with high level noise than when pre-
sented with low level nolse, This, of course, is not an ori-
ginal suggestion, and is a post hoc explanation of the re-
sults of these studies, subject to experimental test.

ACKNOWLEDGEMENTS

Acknowledgenient is made of the assidance provided by Mr.
Charles W, Sears and Mrs. Cora P, Partin of the Biological
Acoustics Branch, and Mr. William P. Miller, Mr, Don Partn
and Miss Ann Rinehart of the University of Daylon Research
Instilute,

REFERENCES

1. Gaevuew, W, F, C 8 Hakws, G, C. Mouk, C, W. Nixox,
AL Osiuaum, H. C. Somaier, V. H. TVALER, and J. H.
VeGHTE: Effects of combined heat, noise, and vibration
stress on human performance and physiolagical funcrions,
Aeraspace Med., 42:1092.1007, 1971,

2, GReTHER, W, F., C. 5, HArRIS, M. QHLBAUM, P, A. SAMFSON,
amt ). ©. Guionarn: Further study of combined heal,
noise and vibriation siress, Aerospace Med,, 43:641-645,
1972,

3. Harmis, C, S, and R. W, SnoeNseroer: Combined effect of
noise und vibration on psychometor performance. Aero.
space Medical Research Laboratory, Wright-Patterson
AFI, Ohio, AMRL.TR-70-14, 1870,

4. SnorNuemGrER, R, W.: Human performance n o function of
direction and frequency of whole body vibration. Aero.
space  Medical Reseurch Laboratory, Wright-Patterson
AFR, Okio, AMRL.TR.70:7, 1570

S, Sommer, H, C, and C, §. Haruts; Combined effects of noise
and vibration on cognitive and psychomotor performance,
Acrospace Medical Research Laboratory, Wright-Patter.
son AFR, Ohio, AMRL-TR-71-115, 1972,



Security Classificnilon
———

DOCUMENT CONTROL DATA-R&D

(Securlty clazaliication of e, body of abatract and indexing annaolation muat be sntered when the ovorall ropart In clasallind)

Aerospace Medical

\. ORIGINATING ACTIVITY fCarporate author
rF%esearc}’x Laboratory, Aerospace

Medical Division, Alr Furce Systems Command Wright-lzz %rour
Patterson Alr Force Base. Ohio 45433,

28, AEPORT SECURITY CLASEIFICATION

Unclassified

3 AEPORT TITLE

AND RESPONSE TIME.

COMBINED EFFECTS OF NOISE AND VIBRATION GN HUMAN TRACKING PERFORMANCE

4, DESCRIFTIVE NOTES {Type of r

spori and incluriva dafos)

Henry C. Sommer
Harris

8. AUTHORI(S) (Fitat name, middis Initial, laat name)

6. REPORT DATE

Mareh 1973

e, TOTAL NO. OF PAGES

q

7b, HO. QF REFS

84, CONTRACT OR GRANT NO,

b, FAQJIECT NO. 7231

® Task No. 723103

¢ Work Unit No. 723103020

AMRL-TR-72~-83

#4, ORIGINATOA'S REFORT NUMBER(S)

thia report)

. OTHER REPORT HOUY (Any other numbara that may bo sasighed

10. DISTRIBUTION ITATEMENT

Approved for public release; distributicn unlimited.

— e
1. BUPPLEMENTARY NOTES

12. 3FONSORING MILITARY ACTIVITY

Aeroapace Medlcal Research Laboratory,
Aerospace Medical Division, AFSC, Wright
Patterson Air Force Base, QOhlo 45433,

V3, ABSTRACT

L

In our Isboratory vibration ins been showa (o be the primary
cause of performance lmpulrment jo studics of the combined
effects of noise and vibration on human tracking performmnce,
Nolse has had little conalstent effect when presented alone, and
has acdded Nitle or not at all to the Impalrment produced by ribru.
tlon, 1u two studies with hent Ineloded a8 2 thied stressor, vibra-
tion presented alone hud a slightly more adverse effect on frack.
ing performance than combited heat, nolse and vibration. In

- the present experiment, 12 subjects were exposed to lower nolwe

angd vibrution levels for a longer period of time than used pre-
vloualy, Subfects were tested under the followlng condlions:
{1) no vibratlon—=G60 dB (dD re 20 /m?) nolse; (2) no vibra.
tiot=—100 B} poisc; (3) & Hz vibration at 0,10 g, (peak)—60 dB
sulse; and (4) 6 Hz vibration st 0,10 3,—100 dI} nolse, Nobwe
Ll no significant effects on tracking performance, while vibra-
Ulon adversely sffected hoth dimensions of the tracking tusk. On
both horizonta! and vertical tracking, vibrallon combined with
60 ¢ nolse produced greater impalrment than vibration com-
blned with 100 9B noise, Tlese results paralicl previous fladings
from studics of combined nolse, heat, and vibraflon, und glve
support to & subtractive intcraction lnterpreiation of the com-
bined effects of noise and vibratlon on human tracking performe
ance.
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