Effects of Thermal Stress on Psychological
Functions and Performance
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MEJ’RSLIHI:MENT of cockpit temparature con-
firms the existence of significant heat stress in flight.
In summer, tighter pockpit  temparatures commoniy
excood BO°C. Even though it may be technically
possible to achieve comlortable cockpit temperatures
15 overcome this problem, the operational role of
the sircraft precludes installation of a heavy cooling
system and therefore a pilot is liable to ba subjeated
to savere thermal stress.  Flying is 8 complex psycho-
maotor tasl requiring & high degree of eleriness, mental
function, muscular coordination and s advarsely
alfceted under hesl stress.

Thete ara several méachanisms through which
hcat stress might be expected to affect human per-
formance capability. The gprimary mechanism i$ a
rise in internal body temperature with resulting incfea-
se in the rate of neural activity, Other mechanisms
are far more tentative and subjective. It is gxpecied
that initial exposure to elevaled lemperatloe would
causc an increase in the general level of arcusal fe-
sulting in improved performance. With continued
exposure itis followed by feeling of discomiort, lassi-
tude, subjective fatigue, inconvenicnce and distrac-

tion caused by sweating.

Parformance is related to core and skin tempera-
ture.  Allnut (1989) reported that when the cora
temparature Was raised by seating tha subject in haot
environment under high radiant heat and then the
skin was cooled rapidiy by the use of liguid cooled
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suit, the subject had a high core tempsrature toos-
ther with a low skin temperatura and that under thesa
conditions the subject felt comfortable.  The [ncreass
in rate of performance was the same as it had bean in
an equivalent hot environment, but while performing
a task, ercor rate was reduced. implying possibly  thal
the temperature of the core determines tha speed of
parformansce, whereas skin temparature {or comfort)
daterminegs tha error rate.

Cartain factors enhance or lessen the thermal
stress ;

{a) The seventy of the stress.  The effects not
anly depand vpon itz physical intensity, but also on
the individual's tolarance to heat,

iRy The rate of application influsnces the effoct
of thermal stress.  Edoholm (1963) found that on-site
acelimatisation improved physical perfermance though
mental performance remainad relatively unaffected:

ic} The duration of the stress.  When the envi-
ronmental temperature excesds comfort levels, the
physiclogical compensatary mechanisms come into
play to maintain stable internal body temperature. |f
the heat inpul exceads the heat dissipation capabilities
af the body. the internal temperature will slowly fise,
Longer the duration of exposure more is the heat
accumulation and consagquent siress.

Blockley at al {1954) suggested that performance:
dacrament coours significantly at a body heat storage
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fvel about 70" of that at tolerance limit.  In
well acclimatisad tropical subjects the level of heat
gtorage al tolsrance point as nelculated by Verghese
and Sinha (1968} s about 110 Kilacals amed a perfor-

mance decrement ououUrs when about 70 - 80 Kilocals

Al acoumulated.

Wing (1965} in his review ol fourteen experi-
ments canducted in varnious lnboratories, assessed the
affects af high thermal stress Gn mental performance.
The experiments work conducted at difterent cambi-
pations of exposure time and effective temperatures
Tho results of thess studies indicate that UpRer ther-
mal limit for unimpaired mental performance varies
signilicantly with exposure duratinps. The lowest
st tempalatuies yielding stptistically refishle decre:
parformance declined exponentially

menis in maental
g were ncreased 10 {our hours.

A8 eXpOELTe duration
1 was confirmed that human perfonmancs deterinrates
betora pmsiuluginnl limits are reached. In sfudies
of lges than ane hour duratian, decrements in perior-
mance occurigd Al 28.1" C. The wvalues for 2,3

and 4 hour expusures Were 41.7°C, 30.9°C and 306 C
respatlively.

tdy The presence of wother stresses Most real
life or operatiunal situations concain multistress envi-
yanment.  Broadbent {1863) suggested that the effect
of two slressas together might we inditterent, addi-
tiva or deductive and the same holds true for heat.
pean and Mc Glothen (1962) frund that heat and
hypoxia had an cdditive effect on primary task and
greater than additive cffect on secondary task wha-
reas heat and noise had less than additive effeclt on
speondary task. Heat together with noise and hy-
poxia had less than additive cifecl ona primaty task
and an additive elfect on a Ssecundary task. Allnutt
(1969) found thal heat and hypoxia in isolstion in-
cicase the numbet of errors made on a8 standard inte-
|ligence 1est and that the two in combination have
even graater effect. Whereas heat speeds up per-
formarice  this effect disappears when hypoxia  is

“added 1o the anvironment.

{g) Man.

i Physical conditions The degree of accli-
matisation and fitness have important psychophysio-
logical effects on petformance when exposed 10

thermal stress.
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Hinckley and Lyman (1950}

ii. [fmalligance.
generalised that tha more intelligent the man is, the
bettar will he be able ta cope with thermal stress anil
generally be able to generale more possible solutions
to a problam,

iii. Personality. It could be argused, for example,
that introverts require more training and raassuiance
than extroverts when they are exposed 1o a8 novel
situation and more neurotic: subjects May tund to be
more upset by the experimental anvirgnmant, Waaring
a liguid cooled suit or waiting to ga into tha hot
nockpit may be anxiety provaking long betore heal
i% added 1o the situahon.

Human performance lesls ugad In haat sG55
research have been grouped into five broad clisses,
viz.. neural activity rete, reaction time, vigilance and
monitaring, tracking and cognitive tunctions. It is
important to know what Linds of human peformance
are alfscted by heat and at what temperature lavels
impairment of performanca is severs enough to be of
practical concern In eritical situations. Zone al
maximum comiort ranges batween 22° C and 24 &,
Until about 1964, work on thermal strass was confined
to studies in which performance was ralated o am
hient thermal envirgnment, but more recant studias
have usually attempted to relale parformance 10 body

tamperaliue.

Aody Temperature and MNeural  Activity Rate. A
diract physical effect of ambient heat exposure is
clavation of body temperature. Because ut its etfect
on metabolism, the clevation of body temperalure
would increase the spead of nerve conduction, with
possible effects on parfurmance. Hoagland (1933)
showed tnat the speed af counting increased when
hody temparature was slevated. He intarpreted these
results in terms of * internal chemical cluck® that
speaded up as body temperature was raised More
recently other investigators have shown a consistent
(elation batween elevation of body temperature and
such tasks as estimation of time duration, spasd of
counting at 1/sec rate, and speed of tapping.

Any speeding up of neural activity
caused by heat exposurs would result in shorter
|atencies in simple reaction time maasurements.
gleitman et al (1938} showed that reaction times were

Reaction Time.
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shortar when persons were at peak of their diurnal
termperature cycle. They cbserved that heat exposure
speeded up simple resctions while causing slower
performance on more complex reaction time 185KS

Vigitance and Monitaring. Vigilance and monitonng
functions have in common the watching or listening
for cortain prescribed events,  Vigilance tests nvalve
the datection of near threshold events, usually in a
singla  display Monitcring  involves  scoring  at
multiple display tasks in which the cvents 1o bhe
dotected are considerably abowve threshold, Obser-
vations by various workers suggest that vigilance
is best at un environmental temperature of 26.7°C.

ground Tero

Trocking., Perlarmance changes hover
until the envirenmental temperature reaches aboul
20.4°C, butat higher temperatures the ganaral trend

is downward,

Cognitive Functions. The type of tests covers a broad
range of complax tasks. All of them involve consider-
able amount of reascning, judgement or other kinds of
cantral nervous activities. Cognitive performance
scofas reMain approximately nommal or even surpass

normal levels, until environimental temperature axceeads
29.4°C and shave this temperature the trend is down-
ward.

Conclusions

The problem of thermal stress s encoentered in
a wide varigty of operational situations.  Several me-
chanisms coms inta play as the environmental tempe-
tatura is faised, some of these baing beneficial and
othars harmful to  human performance, Benoficial
mechanisms are the speeding up of neural activity,
increasad lavel of general arousal and increasad motis
vation caused by the subject’s desire 1o “prove he can
takat it”, On the ather hand, ons can pestulatg mech-
ansme that will cause decrements in performance.
These are internal physiological stesses, subjective
feeling of discombort, fatigue, inconvenience and
distraction caused by swenting.

It is not necessary to eliminate complately heat
induced psychophysinlogical strain so long as [t does.
not induce docrement in parformance.  Cooling mea-
sures which extend tolerance time by delaying acqui-
sition of heat storage and limiting it below critical
lavals &t which performance decrements ooour,

should be aimed at.
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