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Effect of Vibration, Heat and Noise on Psychomotor Performance
MK Vyawahare, N Ramachandran

Peyehometor performence was sludied under intermiltent
vibration of 6 Hz at 0.5 g amplltude, and heat and nolse
exposure of 80" Tin with 20% rh and 85 dB(A) respectively.
Stressos were administered individually as well as in various
possible combinations. Performance on a psychamalor task
wes delermined in lour intervals within e lotal period of 1 h of
experlimantation,

Vibratlon degraded the psychomotor task performance
signilicantly us an Individusl siress as well as in combination
with ethor siresses of heot and nolse, Hea! Improved the
psychomator parformance after 30 min of continuvous
exposure. Al the starl of the expesure 8 well gs aller 45 min,
nolze alse tends to Improve the psychomalor performiance.
Nolsa and hest combined did nel affect parfarmance, The
chunges brought sboul by » combination of strosses of
vibratlon, heat and nolss on psychamator performance wore
slatislicwlly similar te those seen under vibration and haat,
and vibratlen and nolse. However, performance degradation
was somawhat higher with the combination of all the three
siresses ns compared o the effect brought about by linear
combination ol these sitresses. Thus, » realisiic slress
combination simulation s suggested for performance
efficiency studies In laboratory based experiments.

Vibiration, the single most importan! stressor ag far 85 viseal
and co-ordinated performances ame concerned, neads to be
simwlaled In laboralory sludies using eclual vibration data
ohitained from alreraft In operation,

Keywords: Aviation stress, sircrew performance, combined
stresses, vibiratlon simulator.

I'I/ﬁlit:enr)pr vehicle operations in general, and
military flying in paricular, subject the crew to
environmental stresses of vibration, heat and noise.
Vibration and ncise are generaled by engine,
auxiliary equipment and dynamic interaction of the
vehicle with the medium. In cur country, the problem
ol heat stress is also considerable, particularly in the
north"%, These inhcrent stresses, either individuatly
or in combination, are capable of producing
physiological strain, the magnilude of which depends
on the amount of siress, ifs duration and its
interaction with other stresses.

Stresses of vibration, heat and noise may not
unduly extend the physiological compansatory
mechanism depending on the avaiability of stress
reducing devices. However, presence of slresses
may bring about changes in the overall performance
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of military crew. Thus, physical heallh is not
endangered bul performance efficiency may be.

There have been many laboratory based
studies on vibration® ', heat™ "™ and noige’
including their effect on task performance. However,
aclual inflight measurements of these stresses and
laboratory studies on perarmance evaluation under
combination of strasses are few and, for the most
part, equivocal “>*®_ Also, findings on the effects of
combined stresses on performance lack uniform
indication due to difference in the absoclule and
ralativa levels of stress magnitudes used as wall as
procedural differences and choice of complexity of
task. In the present sludy, effects of slresses ol
vibration, heat and noige on a psychomolor task
involving visual and hand co-ordination have baen
evaluated to understand the ettect of combination ol
stresses on performance efficiency.

Materlal and Method
Simulator

Verical vibrations were simulaied using an
electrohydraulic vibralor which was developed at the
Institute of Avialion Medicine, Bangalore (IAM) and
has been in operation for a number of years. It
consists of a mild steel platform which is acluated by
a piston and cylinder. The platform is displaced
vertically by the force of spindle oil. The system is
tapable of producing Z2 axis vibrations in the
frequancy range 2-15 Hz at various amplitude levels.
Fraquency and amplitude resolutions of 0.1 Hz and
0.05 g respectively are achieved. A bucket seat of
mild steel is firmly mounted on the vibrating platform
so that the seat is displaced at the frequencies and
ampiitudes of the platform. The seat is incorporated
with a lap strap shoulder hamess. Tha hamess can
be adjusted for varous sitting heights. At the base of
the seat, an accelerometer of llat response is fixed o
manitar the seat vibrations. A vertical Irequency ot 6
Hz al 0.5 g peak amplilude is oblained at the scal
level for simulation of the vibration stress. A doubile
layered thermally insulated cockpit made ol
aluminium is built around the vibrating platform. The
cockpit is fitted with a door and windows. The cockpil
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can be heated by means of 2 KW blower heater
which is coupled with thermostal. Temperalure in the
cockpil is adjustable upto 70°C with an accuracy of
+1°C. Heat produced inside the cockpit is essentially
dry heat since no humidification is provided. Air
temperature of 60°C was used to simulate heat
stress. Wel bulb lemperalure was recorded around
32.5°C.

A small adjustable wooden platform was lxed in
the cockpit infront of the vibrating platform so that the
equipmant for pedormance tesling could be kept on it
within easy reach of the subject sitting on the seat.
Since the wooden platform was not linked to the
vibraling platform, vibrations reaching the equipment
were essenlially through the operator's hands only.

A casselte mounted pre-recorded magnetic
lape was played through a lape recorder and the
oulpul led lo the vibration simulator cockpit through a
B ohm sound column placed behind the vibraling
seal, The noise generaled was essentially mixed
frequency nolse whose level was raised till B5 dB(A)
was obtained at the head level of the subject sitting
on the seal. The noise level was measured using a
sound level meler.

Perfnrmance Test

NRC stressalyer: To have a quantitative
measure ol psychomotor performance involving
eye-hand co-ordination, a psychomolor perlormance
measuring equipment, the NRC stressalyser, was
used. Itis a subject-paced step input gﬂsuﬂ tracking
performance measuring equipment =%, The tracking
unit of the equipmenl presenis lo the subject an
illuminated target, which randomiy changes position
belween five equidistant circumferentially arrangad
locations, when the subject covers a peinter carrying
the pursuit element on the llluminated iarget for an
uninterrupted period 200 msec. The control unit in
auto mode offers 10 different programmes each
consisting of 100 targets which are presented on the
display tracking unit one after the other in
succession, appearing randomly al any of the five
positions of the tracking unit. The task for the subject
congists of successively aligning the pursuit element
withinthe illuminated larget as it siops in batweenthe
five positions.

In the present study, the total time taken for
complating ona programme of 100 fargets as
recorded in the control unil has been laken as
indication of performance measurament.

Experimental Protocol

The subjects were given 16 trials an tha task to
acguain! Ihemselves with the working and to come to
a sleady performance level 2°. The tracking unit of
the stressalyser was kept on the adjustable waoden
iable in the cockpit and the control unit was kept
outside. Each subject was administered different
programmes by the experimenter and once the
praclice rials were over, he was given three
pragrammes In succession. The total average time
taken for complating a programmea was laken as his
control performance. Before subjecting the
personnel to the stress environment, the control
perdormance was measured each time. Higher the
task completion time, lower is the performance and
vice-versa.

Perfarmance under Vibration Stross

Each subject sat on the hard seat withoul any
cushion or backpad and was strapped on to the seat,
Each was exposed to vibrations for a lotal period of
30 min In four intervals of 7 min 30 sac each with a
rest period of 10 min In betweean sach interval,

Vibrations of & Hz frequency and peak
amplitude of 0.5 g were started and continued for 7
min 30 sec during which the subject was given as
many programmes as he could handle.

Perfarmance under Naise

Noisa level of 85 dB{A) was maintained at the
subject’s head level continuously for a period of one
hour. Fre-stress performance was measured for all
the subjects. In each test interval, three programmes
were administered in a time of 7 min 30 sec with rest
of 10 min.

Performance under Heal Siress

Temperature of 60°C Tas with relative humidity
{rh) of 20% was simulated in the cockpit. The subject
was exposed to heat stress continuously for one
hour. The experimemnt time was broken info four
intervals and in the first 7 min 30 sec interval, tha
subjec! was administered 2-3 programmes and Lhe
average time per programme was also determined
before exposing the subject to heat.
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Performance under Combined Vibration and
Heal Stress

Heater blowers wera kepl continuously on il a
temperature of 600C Tdb with rh of 20% was achiegved.
Vibrations at 8 Hz and 0.5 g were administered lor a
period of 7 min 30 sec. During this time, the subject
performed at the stressalyser and the average time per
programme was determined. Heat stress was kept
continuously on and three more vibration exposures
given with a rest interval of 10 min in between. The
performance during each combined stress exposure of
7 min 30 sec duration was determined.

Parormance under Vibration and Noise

Noise was kept on for the full duralion, whareas
vibration at 6 Hz and 0.5q was given for 7 min 30 sec
duration. Four such intervals ware given and
pefformance score on lime per programme was
delarmined. A rest period of 10 min was allowed in
batween two vibration exposures,

Perdormance under Heal and Noisa

In this case, heat and noise were kepl
continuously on at Tdb 600+ 10C with 20% RH and 85
dB(A) respectively, al the subject’s head level. The
subject camed out the psychomotor tasks on the
stressalyser in four intervals ol 7 min 30 sec with a rest
period of 10 min each in between two intervals of work.

Performance under Combined Stresses of
Vibration, Noise and Heal

To see the effecd of combined siresses of
vibration, noise and heat, heat and noise stresses were
kept continuousty on for the entire interval al 600C Tdb
with 20% rh and 85 dB(A) respeclively. Vibration was
administered al 6 Hz and 0.5 g at regular intervals.
Vibration stress was operative in 4 intervals of 7 min 30
sec each. Performance undar combined stresses was
determined during the intervals of vibration exposures.
Rest period of 10 min was allowed in between two
vibration exposures.

Analysis

The average time faken per programime was
calculated for each subject without stress and under
stress and the group average value of time has bsen
taken to draw inferences. For each experimental
situation, the performance time during work interyals
has been compared against the respeciive control.
Student 1' test was used to oblain significance lavels.

Detailed analysis of variance was carried out and
Fishers ratio determined for various degrees of
freedom (Table IV).
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Resulis

Vibration

Against a control time of 152.7418.6 sec per
programme, the performance time in all the four
vibration intervals showed significanl increase
{Table 1). In the first vibration exposure intervals,
increase in performance lima was 20.8%. In the
subsequent vibration exposures, the increase ovar
the conlrol time was not as large due lo vibration
adaptation. Thus, there is a definitive decrease inthe
psychomotor perdormance under vibration,

Heal

Exposure to heat stress broughl aboul a
decrease in the average lime required to complele a
programme thereby indicating a better psychomotor
perormance (Table 1). This was true in all the four
intervals. However, a signiticant decrease in time
{pe 0.05) was avident only after 30 min ot continuous
heat exposure. Performance time showed a slight
increase in the 4th interval compared to the 3rd,
showing theraby a possibility of perormance
decrement if performance evaluation were carried
oul beyond one hour time,

Nolse

Immediately on encountering noise of 85 dB{A),
the psychomotor performance time reduced (Table
1). However, on further continuation in the noise
environment, the performance time steadily
decreazed so that after over 50 min of noise,
performance was significantly belter as compared to
the control {p < 0.001),

Vibration with Heat and Vibration with Noise

Peychomotor performance was significantly
lower as comparad to the control in all the four
intervals, more so in the first lwo exposure inlervals
(Tablz Il). The trend in the performance decrement
was similar to that observed in the case of vibration
gxposure alona. However, the percentage increase
inthe performance time under vibration with heat and
under vibration alone was of different magnitude
{Table lll) not conforming to a straight forward linear
combination.

Heat and Noige

The stress of heal and noise together did not
bring about significant changes in performance lime,
as compared to the contral, in all the four test
intervals although there was a progressive decrease
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in the timings (Table I1). Here again, the percentage
decrease in the time was not egual to the sum of the
percentage decrease under heat and noise. The
stress combination of heat and noise failed to elicit
psychomolor perdormance change in a significant
manner,

Vibration, Heat and Noisa

Under the combined stresses of vibration, heat
and noise, control time of 149.7 + 19.7 sec per
programme was modifiedto 204.7 £ 16.2 sec, 187.7
+ 23.0sec,179.34+ 20.6secand 1725 & 19.55sec
respectively In the four work Intervals. Pedormance
significantly decreased under combined slresses
(Table 1) and the percemtage increase in the
performance time was much larger than that
suggestied by the lingar combinalion of percenlage
time changes due 1o individual stresses (Table I11).
The tirst encounter with the combined stresses has
been translated into maximum decrease in the
psychomolor performance.

Discussion

Pedormance on the stressalyser Involves
visual, viglance and co-ordination elements. Since the
lask ig subject-paced, the lotal time takean for completing
tha 1ask of aligning the pointer on the illuminated spot s a
good indicator of pedormance efficiency. Smaller the
time, better is the efficiency. Proper acquisition of the fask
visually, overcoming efficiency. Smaller the tima, befteris
the efficiency. Proper acguisition of the lask visually,
overcoming ermor and doing it comedclly are infegrated
aspects in any task accomplishment.

From a detalled analysis of vanance of fask
completiontime (Table 1V}, it is clearthat subjects showed
differences in performance from infervalto interval. Also, it
i seen from interaction (A x B), that the learning process
was over and the subjecls were indicating performanca
change due to stress application only. Significart
interaction B x G showed that interval and siuation
together could change subject performance. That the
experiment was well conducted with negligible emor is
brought about by a nonsignificant interaction AxB x C.

Decrease in the psychomolor perormance due yio
vibration Is atributable to co-ordinafion boss brought by
differential body deformation. Eardier work at 1AM
8,10,13,27 and elsewhere 5-7,11,12 together with the
present findings condirm that low frequency vibration is

capable of reducing visual, tracking and specch
performances.

A marginal improvement of performance under
heat stress has been reported by Poulton et al ' and
Ramachandran *°. However results of Grether '/
and Yoram ¥ ditfer. Our simulation of 36.6° G of
Effective Temperatura (ET) which is much higher
than ET of 29.5% C of suggested by Yoram '8 above
which psychomolor perormance in terms of speed,
co-ordination and vigilance is suposed to decrease.

Moise level of B5dB(A) decreased psychomotor
performance only In thge first work intarval;
perflormance bellarment was seen therealler, Our
earlier stu.th,':iﬂ and Poullon's work = are in line with
the present trend of psychomotor pedormance
change.

Under the combined siress, Grether et al *24
had shown that vibration along (vibration 5Hz, 0.3g)
affected tracking and choice reaction time. In our
case too, vibration, by and large, slands oul as a
single slress capable of reducing vigilance, tracking
and co-ordination. Heat and noise combination by
itselt may not cause performance decrement. Infact,
it may improve the pedormance upto certain extent if
the tima duralion doss noSt exceed one hour.
However, the stress combinalion of vibration, heat
and noise brings about noticeable decrement in
perdormance than warranted by combining linearly
\he effects caused by the individual stresses.

Slress.  magnitude in our  experiments,
particularly of vibration and heat, was quite severe
and around lhe value which may be attained only in
acute conditions. Also, noise level was taken at 85
dB{A), i.e, at DRC level. Thus, it is possible, as
shown by Stave | that in actual flight conditions or
realistic flight stress simulations, efliciency of
psychomoior performance and other fasks may not
show much deterioration. Also, in the absence of low
frequency vibration, periormance decrement may
not take place at all.

Vibralion seems to affect various Kkinds of
performance by a large measure and as such
accurate determination of vibration spectrum in
various types of military transportation is a must. This
will enable to carry out detalled studies on the effect
of combined sitresses on long and shorl term
performances.
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Table - | Psychomotor performance on exposure to different stresses (n=6)

Time (sac) per programme [m + {&d)]

Vibration Heal Maisa
Control 152.7 (18.0) 154.8 (14.4) 1505 (21.4)
| Interval 199.8 (37.0) ** 1510 (8.5) M 1545 (22.7) ™
Il Intarval 1783 (22.4) *** 147.0 (11.7) N8 1503 (22.6 )"
Il Interval 1773E23) ™ 144.8 (11.4) " 1497 (22.4) M9
IV Interval 172.0 (25.6) ** 146.0 (11.8)"° 146.8 (21.4)*"*

Table - Il Psychomator performance under combined stresses ( n=6)

Conftral

| Interyal
I Intersal
1 Interval
IV Interval

Average Time (sec) per Programme [m L (5d))

Vibralion + Vibration + Heat + Vibration +
. Heat Moisa Noisa Heal + Noise
150.0 (20 B) 151.7 (18.3) 149.8 (14.3) 149.7 (19.8)

1B7.8 (213) "
177.0 (26.7) ***
170.7 (27.2) **
177.3 (26.9) ™

190.7 (27.2) = 147.8 (12.9) NS
1818 (25.0) ** 146.7 {11.2)M®
174.0 (26.4) ** 144.0 (10.5) M8
171.3 (26.3) * 145.0 (10.4) N3

204.7 (16.2) **
187.7 (23.0) ***
179.8 (20.6) **

172.5 (19.5) =

Table - lll Percenlage change l'ﬂ the average time per programme

Task Interval
Strass | [ i v
Vibration 308 16.0 18.1 12.8
Haat -20 -5.0 -6.5 57
Moiza 2.7 -0.1 -0.5 2.4
Vibration +Heasat 252 18.0 138 155
Vibration +Noise 25.8 19.8 147 12.9
Heat + Noise 0.7 -2.1 -3.9 -3.2
Vibration + Heat + Moisa 387 254 19.7 152

Table - IV Detailed analysis of variance of psychomotor iask completion time

Source of Sum of Degrees of Estimate of E
Variation Squares Freadom Varianca
Between subjects (A) 62203.0 5 12440.8 358.35 ‘**
| Between intervals (B) 14240.0 4 35600 102.54 ™"
Betwean situations (C) 371780 B 6196.5 178.48 ***
Interaction - AxB 838.0 20 419 0 NS
Interaction - AxC 108405 30 361.35 1049 ="
Interaction - BxC 12752.0 24 531.33 1630 """
Interaction - AxBxC 4166.0 120 3472 1012

b—..__

NS = Nol significant; #= p < 0.05; %% = p< 0.01; %%% _ p< 0.001
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