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ABSTRACT

When the human component in a man-machine system is
pushed beyond the limits of human capacity in grasping
information presented to the senses or in executing a series of
actions correctly, a condition of “speed stress” may be said to
oceur. Conditions encountered by aircraft pilots, particularly -
those engaged in operating fighter aircraft at high speeds,
make a consideration of the forms of speed stress, and of the
measures to alleviate them, extremely important.

Introduction -

In nearly every conceivable type of sk'lled performance nowadays, the
necessity to adapt one’s capacity to perceive s:gnals for action, and to coordi-
nate the effector aspects of skill with rapid changes in the situation is unques-
tionably the key factor in achieving the end served by the skill. Th's basic
requirement of skilled performance has been stated by Professor Sir Frederic
Bartlett in the following way: “Each component of the coordinated effort must
come in exactly when it is required ...... 1f it fin'shes too soon, there will
be irritating and dsordering gaps. If it finishes too late, there will be inter-
ference. Rither way, there will be clumsiness™. There is sufficient evidence
to show that the inherent problems of jet fighter warfare are the inevitable
result of the tremendously h'gh speeds at which jet aircraft operate. Under
such flight conditions, it is extremely difficult for defending fighter forces to
locate enemy aircraft, even when sk.es are clear, and there is bright sunlight.
Combat speeds of 500 to 600 Jnots have almost doubled the speeds to which
p’lots have been accustomed. Not only has the p:lot difficulty in locat'ng the
enemy, but he has equally serious difficulty in know:ng h's own position in space.
Indeed, as General E. E. Partridge of the U.S. A’ Force points out, “Once an
airplane gets off the a'r, it is a projectile. It travels faster than a bullet. Fly:ng -
at 10 miles per minute, the pilot can no longer do any accurate plotting of his
own position” 2. . v ,

Demands of High Speed Flying—Facts wh'ch are com’ng to I'ght with
regard to flight conditions in which combat operations are carried out make it
amply evident that the modern aircraft p'lot has to exercse extrene alertness
in spott'ng the enep.y and tak ng necessary action. S'nce action and v.ovemrent
are so swift, it is well nigh impossible for any one person to be able to observe
and report all that is going on. The spaces traversed n aerial con bat today,
may range around 30 miles or n-ore and the heights at which the aircraft operate
may be anything above 35,000 feet. The vulnerability of a’ reraft cperating under

276 . :



DEFENCE SCIENCE JOURNAL - M

such conditions cannot be exaggerated. D.C. Heimburger, an expert on air
battles, states: “H 'gh speed fl ght requires a greater degree of -concentration,
since many operations are accelerated. More planning ahead of the arplane is
necessary, and in cases of malfunction or emr.ergency, .ore rap:d reaction and
thinking are essential. The ‘anx ety factor’ increases with speed, because of
this increased mental tension, and the fact that chances of successful escape

are greatly reduced with h'gh speed and altitude” 3.

~ The safe and efficient operation of hgh performance a‘rcraft poses several
intricate probler s to the aviator, wh'ch can be grouped under two r.ain heads.
First, there are the difficult es arising from growing cop plexity in the action
which has to be taken under normal conditions and during an ewergency.
Secondly, there are m.any important questions concerning the effects of the
speeds at which the a'rcraft p lot may be requ'red to operate. With the former
group of problerrs, we are not concerned in this paper. S'nee it is well known
that there are optimum limits to hwran efficency in dealing with changes
occurring at h'gh speeds, the problem under d 'scussion may be stated in the
following way: What are the optimum limits of hum.an.tolerance to speed?
How does h'gh speed performance affect the physiolog'cal and psychological
capab lities of the a‘rcraft p:lot? What are the practicable measures which
can be taken in order to alleviate the stresses resulting from high speeds? .

. The purpose of this paper is to ahalyse‘the psychologic'éi fécto;s involved
in the operation of military a‘reraft flying at high speeds.

The Concept of Speed Stress:

Stréss and its Measuremeni—Any condition of work assumes the nature
of a stress when its principal characteristics.or’ attributes are such that there
results a significant interference with or serious disruption of the tempo and
quality of human operation carried out under that condition. Looking at it
from the point of view of the human operator, a stress would be described as a
condition of work which in the course of some sudden or gradual change in its
impact on the operator, surpasses the limits of his tolerance. It has been custo-
mary to express the degree of stress in terms of the relationship between a
measureable quantity of change in objective cond tions and some quantity
such as work units turned out in a given period of time, or the frequency of
errors and omissions, or changes in the effector processes such as pressure on
controls, speed of responses, breakdown of action and the like.

Definition of Speed Stress—By the term ‘Speed Stress’ is fneant. the opera-
tional condition in which the hwman component in a man machine system is
pushed beyond the normal limits of human capacity iI} grasping information
which is presented to the senses, or in executing a series of actions, or both,
This extraordinary push comes from outside the human operator, whereas its
adverse effects are felt within the organism, either in the form of lapses of
what is required to be perceived or inaccuracies in deecisions which have to be
taken, or the disorganisation of behaviour patterns established by training
and. past experience, : . : ,
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Kinds of Speed Stress Effects—It would follow from this that the influences
of speed stress are capable of being felt in one or more of three ways:

(a) First, it may involve failure to perceive rapidly oceurring changes
in the environment. The missing of s'gnals occurring in a swiftly
mov'ng stream of items is a case in point. ‘

(b) Secondly, speed stress may sometimes cause serious breakdowns
in the rel'ab’lity of judgment on account of abnormal increases
in the incidence of errors in decision taking by the operator. Given
adequate time, the operator’s decision taking in a simple situation
ought to be error free. When the time available for decision
taking is progressively reduced, the proportion of his mistakes,
notwithstanding his proficiency, becones alarmingly high.

(¢) Thirdly, speed stress often disrupts +he smooth and streamlined
sequence’ of action which constitutes the effector aspects of the
skill. ' :

During the past few years, a series of studies has been carried out on pilots

-and technical personnel serving in the Indian Air Force. The findings of these
-studies, undertaken by scient’sts of the Defence Science Organisation will be

discussed here, in so far as they relate to human performance under conditions
of high speed. : : :

- Effect of Speed Stress on Perceptual Grasp

Synthetic Test of Perception—A special test arrangement was devised in a
recent study, carried out on aircraft pilots and signal operators of tha Indian Air
Force,* in order to measure the effects of increasing speed on tha perceptual
efficiency of operators. The test display consisted of different kinds of signs such
as dots, lines, and single digit numbers, presented in a stream. Speed Stress
was synthetically imposed by reducing the interval between successive stimu-

lus items. The signals to be perceived were inscribed on a long strip of paper, and

mounted on a revolving drum. They were visible to the operators through a slit

_inascreen, placed in front of the drum. The speed of the drum as well as the posi-

tioning of  successive signals on the band of paper were varied. Signals were
thus presented at five different speeds, namely at 20, 40, 60, and 120 signals

- per minute. The action required by the pilots and signal operators was to move a

stylus up or down, according to instructions by the experimenter. This was

. recorded on another band of paper, moving at the same speeds as those of the

-

band displaying the stimulus items,

Types of Tasks—Three types of tasks were set for those who were put
through these tests:— '

,

o (a) Perceptual'Discm'mz'mtion—'-ln the first run, the stimulus consisted of a

single dot, either above or below a base line running horizontally
" through the centre of the display. The subject had to keep his eye
.on the base line, and watch out for a dot which might be. visible
above or below the line. He was instructed to move the stylus up
when he saw the dot above the line, and to move the stylus down
when he ‘saw the dot below the line. '

‘(vb) Rapid Counting—In the second condition of this test, the stimulus
consisted of a group of dots which had to be counted by the  subject,
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None of these groups contained more than five dots. The stylus had to
be moved upwards for odd numbers and downwards for even numbers.

(¢) Quick Addition—The third type of task required quick addition of two
single digit numbers, If the total was an odd pumber, the stylus had
to be movad up, and if the total was an even number, the stylus had
te ba moved dowa. L : ' :

‘In each of the above mentioned test runs, a set of twenty items had to be
“dealt with by the oparator. These three types of tasks were chosen because they
resembled, in a considerably simplifizd form, the kinds of things which pilots
have to see and do while flying, for instance, the perception of aircraft at a dis-
tance, or the identification of markings ona target, or combining information
emerging from two signal sources. ‘ ‘

Effects of Increasing Speed on Perceptual Efficiency—The general finding in
these experiments was as follows. Tasks requiring mere discrimination of the
spatial position of a signal could pot be adequately performed at signal fre-’
quencies exceeding 60 per minute. Tasks involving rapid counting were per-

_ formed adeqnately only when the signal frequency was below 40" per minute.
Tasks entailing quick addition could not be carried out at signal speeds of over
20 per minute.

_ Conditions for Rapid Decision Taking—On the highly complex, high speed
modern aircraft, there are two important preparatory adjustments which the
aircraft pilot has to make when an emergency arises. First, there is the
recognition of the symptoms which might lead to -an emergency. Secondly,
there is the identification. of the emergency which occurs without warning.

“In the conditions of high speed flight, these two factors influence . ths action
which the pilot will take in order to avert a likely catastrophie. Since
the time available to the .pilot is narrowly limited. the all important
consideration is the pilot’s liabilities to make a wrong decision. The experimental
setting adopted in this test of pilots, flying instructors and flight cadets, was
intended to simulate such flight situations. -~ =~ '

The Flight Plan Test—The procedure adopted in this test was to present
each subject with a set; of cards containing symbols representing certain features
in a flight plan. Each flight plan contained six symbols, and each-symbol re-
presented one of two alternative features in a simulated - flight situation. For
example, plus sign indicates fuel state good, and a minus sign significs poor fuel
state. The task of the pilot consisted in making quick comparisons between two. -
flight plans—one fixed on a blackened screen in front of the person? and the other
mounted on a moving belt, visible through a slit in the screen. The pilot was
required to tell off how many flight charactetistics the two patterns had in
common. The fixed flight, patterns were changed after every run of twenty
moving patterns, Every pilot was given five test runs in which the mobile flight
patterns: appeared respectively for durations of 10, 8, 6, 4 and 2 seconds per

- pattern, Decisions based on the grasp of information under these test conditions
 were recorded and subsequently checked for accuracy. These tests were adminis-
tered to groups of pupil pilots, fighter pilots, and fiying instructors of the Indian
Air Force; 7 : ‘ ‘ ’ o L
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Influence of Speed Stress on Decision Taking—Three points of psychological
interest emerge from the analysis of the data of this experiment: ,
(@) First, it was found that accuracy of decision broke down seriously
when speed in decision taking exceeded the rate of six decisions per
minute. In other words, when two cards displaying symbols had to be
compared, and the number of points they hadin common was to be de-
clared at least ten seconds needed to be allowed for each such decision.

(b) Secondly, although the rate of six per minute was found to be the general
requirement for reasonable accuracy in. decision taking, there was a
noticeahle difference in the performance of pupil pilots, flying instruc-
tors and jet fighter pilots. Jet pilots showed a markedly higher tolerance
to speed stress which is obviously due to their being used to conditions
of high speed.

(c) Thirdly, it was noticed that the three types of personnel tested differed
- in the types of error which they most frequently committed under speed
stress. With pupil pilots, errors of overestimating the points in com-
~ mon between the flight patterns compared, were very numerous. Flying
instructors and jet pilots, on the other hand, committed comparatively
fewer errors of overestimation and more errors of underestimation.

. Psychological Significance of Decision Taking—The techniques for the
measurement of the effect of speed stress on decision taking have been developed
~on an extensive scale by Dr. N. H.Mackworth of Cambridge University.
Mackworth used single and multi-channel displays on a large number of sub-
jects and found that, particularly under multi-channel display conditions, the
proportion of missed signals far exceeded the proportion of wrong decisions when
there was signal overlap, involving speed stress. Summing up the psychological
implications of bis experiments, Mackworth observes; “There must be a fixed
maximum to the rateat whichaman can think effectively when making com-

parisons between. sets of objects. ... .. ... The suggestion is that this upper
limit can be exceeded in two quite different ways. The obvious and the usual
way is when time is short throughout a given task—when the average number of
decisions required per minute is in general too high. This form-of speed stress is
best expressed by the average number of seconds per signal, This index is parti-
cularly suitable when the signals are presented through a single channel display
and are more or less evenly spaced in time”5, ' o

The Stresses of High Speed on Response Time

Studies of Jet Fighter Pilots—When a pilot is actually engaged in flying a jet
eircraft, it is not possible to make any direct measurement of the exact way in
which the effector aspects of his skill are affected by the stress of high speed. One
has therefore to rely on the pilot’s testimony, or better still, in measurements
made before and after the sortie. Any disorganisation of skill which might

~ocour under conditions of flight, however potentially dangerous, does not as a
rule last long enough to be detectable after the sortie has been completed.
Either it results in an accident, or the pilot recovers from a temporary upset and
regains his mental composure. In a recent study carried out on a group of young

 pilots, in a jet fighter squadron of the Indisn Air ForceS, simple  and choice
reaction times were taken before and after flying, every day durirg a period
of five weeks. Since the pilots were engaged in different kinds of flying sorties,
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1t was also possible to classify their flying tasks in order of difficulty, according
to the testimony of the pilots themselves. Three levels of difficulty were dis-
tinguished—easy, somewhat difficult, and hard. Exercisss such as formation
“flying were classed as hard, cloud flving as s»mewhar difficult, and dry RP and
front gun attack as easy. '

_Relation between Reaction Time Values and Level of Diz‘ﬂbulty of Sorties—The
mean response timzs for difficuit sorties were significantly different from, those for
. easy sorties. This, as will be evident from the figures in the table below, was

quite pronounced both as regards simple and choice reactions :

(Preflight Mean Reaction Time is taken as 100)

Level of Difficulty ~ Simple RT , Choice RT

Easy Sorties . - 106 98
 Somewhat difficult Sorties v 10T 107

‘Hard Sorties 112 111

Even though the sorties before and after which these measurements were
taken did not last for more than 45 minutes, the postflight response times of the
pilots testad showed an increase of 10 to 15 per cent over pre-flight values in the
case of hard sorties. This was quite consistently observed in all pilots.

Transient Fatigue Resulting from High Speeds—The measurement of reac-
tion time taken week after week ot these jet fighter pilots, were analyzed to seeif
there was any retraction in their values which could be attributed to.improve-
ment by practice. Although it was noticed that the mean values of response
times dropped from week to week, indicating improvement as a result of Pprac-
tice, the mean values of post-flight response times were consistently higher than
those of preflight response times. If practice has the effect of reducing reaction
tims, there should be no reason why the postflight values should be in- excess
of preflight values. This difference has been explained by maintaining that
the lengthening of postflight response time is an indication of transient
fatigue. Under adverse meteorological conditions, combined with strenuous
flying, the pilot’s vesponses tend to siow down and this effect persists
for a while, even after the completion of the flying sortie. Altbough the
actual difference between post-flight and preflight response time is not very
great, what has been observed under experimental conditions should be regarded
as a pointer to skill impairment in operational conditions, involving rigorous
battle strain. Under battle stresses, or pitched. against highly ambiguous flying
situations, even competent pilots may record marked increases in reaction
time. - '

Piscussion

Stresses Encountered in High Speed Flying—1It is highly important " to
correlate the simple findings of the studies described above, with the kinds of -
. demands which are ordinarily made on pilots who have to operate high per-

formance aircraft. The reason underlying this is that the Indian Air Force is
‘going in more and more for these new types of aircraft. “The modern aviator”,
as A.A. Burrows points out, “ is a highly selected worker, doing a job which is
among the most complex man can devise. In doing it, he is often subjected to
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stresses exceeding in number and degree those met in any other vocation. It is
part of the psychologist’s task to select; personnel; but before doing this, it 1s
necessary for him to study the aviator’s world, and if possible, to assist him
to meet the unfriendly environment in which he works”?. With great speed,
the effects of high linear, angular, and radial acceleration are encountered. Apart
from direct physical effects, noise and vibration are elusive enemies of efficient .
flying. Jet pilots are also liable to feel the bodily effects of sudden reduetion in
pressure while ascending. Reaction times increase, movemsnt is res’ricted,
feclis distorted, confusion and _visual disorientation occur. The almost complete
demands on the pilot’s parception, thought and skill result, in the near y inde-
finable states of fatigue, with their vulnerable and elusive effects upon perfor-
mance. The worst difficulty arises from the fact that concessions in time or
efficiency are marginal today. The large number of accidents written off as
‘pilot, error’ admit of no compromise ' '

Vision at High Speed and Altitude-—The high performance aircrafc allows
the pilot very little freedom for direct observation. At high altitudes, the hori-
zon, which is the pilot’s main visual point of reference of attitude appears

like an atrophied dise. The range of his vision is restricted by the aircraft de-
signer’s need to minimize the protruberance of the Cock pit canopy. He cannot
judge distance, height and speed aright, because he has hardly any clues to work
on. He must therefore rely on readings of aircraft instruments which tell
him what is going on around him. Recently, aviation medicine experts of the
- U.8. Air Force have estimated that if the pilot of a high speed aircraft, flying,
" for instance, at a speed of 520 knots, takes a reading on his Air Spzed Indicator,
the time required for saccadic eye movement will be about 28( mil'iseconds, by
which time he will have flown about 250 feet. The plane will have flown yet
another 1,200 feet while he was reading the instrument. If at that tim», he was
passing over a target to be bombed, he will have passed well away from it by .
the time he complates reading just one instrument. Let us consider another
example. Touch down speeds of jet aircraft nowadays are well above 105 knots.
. While the pilot is making the visual adjustment necessary for a correct reading,
he will have flown some 275 feet or more, During this interval, he cannot watch
the runway or consult his landing aids. “While his attention is thus distracted,
and while not being able to perceive distinctly, he may readily undershoot or
overshoot the Janding strip, or collide with some unseen obstacle on the ground”2.
The perils of the pilot are justas great in the air as they are while he is approa-
ching the ground. “At high altitudes and except when the sun’s rays are glanc-
ing directly off the airplane, the reflection -of the deep blue sky serves as oan
effective camouflage. Tf the eyes are not ranged exactly upon the aircraft dis-
tance, no sighting is made. Attacking aircraft can slip in without recognition

until they are dangerously within closing range’.

Time Lags Under Conditions of High Speed Flying—The length of tima
elapsing between an actual occurrence and the time an individua) is aware of
. his perception of it depends on the amount of time required for light to reach

‘the eye and also on conduction time in the visual pathways and brain tracts.
The speed of light being exceedingly high, the amotnt .of time needed
for light to reach the eye is negligible. The lag in the visual mechanism is,
however, appreciable, and at supersonic speeds, it is potentially menacing. Re-
~ cent ERG and EEG studies on this subject have shown that the latent time for
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perception covers the period required to stimulate the receptor and to conduct
the sensory nerve current to its excitation level in the cerebral cortex. This . has
been accurately measured and has been found to vary with the intensity of the
stimulus, the part of the retina being stimulated, and the state of attention
of the person. The latent period of perception may be anything between 0-036
second to 0-300 second. These sensory conduction times are particularly impor-
tant at supersonic speeds because of the considerable distances travelled by the
aircraft during these periods. Recognition time, decision to act, and the time
needed for motor impulses to reach the muscles have to be added before a
reaction occurs. Recognition of unexpectedly seen objects would Tequirc more
time, as this would in effect mean more distance covered. Recent studies carried
out by Aviation Medicine experts in the U.S.A. indicate that mental processes
such as comprehension, discrimination or recognition involve sensory latencies
of a ‘high’ order, whereas direct visual perception, mechanical adjustment of
the visual organs and indirect visual perception involve sensory latencies of a
comparatively ‘low’ order. “The elapsed time of latencies of the higher order”,
says Dr. H. Sturghold, an U.S.A.F. Medical Specialist, “varies considerably.
It may vary from two tenths of a second to several seconds. The chains of laten-
cies of the higher order, are, as far as they come into play, more or less fixed.
The system—extrafoveal perception, mechanica] adjustment, foveal perception
—shows no overlapping but a well defined succession of the partial processes.
It does not permit acceleration, since it works at optimal speeds under normal
conditions’10, '

 Flying Hazards due to Perceptual Delays—The severe limitations imposed
on the performance of pilots of high speed aircraft on account of these perceptual
latencies can be appreciated when one considers the recent accident of an inter-
ceptor fighter, which crashed head on into the wing of a bomber,” The
interceptor fighter was closing in on a bomber at the rate of 1,100 feet per second.
For the fighter pilot that meant taking 110 feet in the one tenths of a second
to see the bomber, and another 5,500 feet during the five seconds spent deciding
how to line up, plus a further 440 feet in the four tenths of a second to react,
Allir all, it meant that he had flown about 7,000 feet towards the bomber by the
‘time he lined up. Since he was about 3 miles away from the bomber when he
first saw it, he had reduced the distance of 16,000 feet to a mere 9,000 by the
time he lined up. But then, since the bomber was also flying at some speed,
he did not have sufficient time to squeeze the trigger and break away. It takes
approximately four seconds to squeeze thé trigger, and a little more than five
seconds to effect a runaway. The time 14§ of the pilot must be added on to the
time required for the aircraft to respond to the operation of the controls—to
‘move the rudder, to stretch the cables, to change th: airflow over the controls.
Time ran out, much to the detriment of the interceptor pilot. Quite apart from
“such problems as tolerance of acceleration, or fighting against illusions encoun-
tered in high speed flying, the utilization of the severely restricted time available
for offensive action and escape.is the key problem in high-speed flying, '

Adaptation to Speed Stress—There can be no doubt that the experienced

pilot will possess greater capacity to stand up to the stresses resulting from high

- speed flying than one who is not experienced. Exactly what processes help in
making adaptation to speed stress possible is not as yet fully known, When a
series of dctions has to be carried out, the little intervals of time between each
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action and the next, known as ‘change over’ or ‘yesting’ time is what needs to he

* carefully studied in this connection. Professor Sir Frederic Bartlett says that
‘‘there is soma evidencé that most people are more intolerant to marked increas-

. es in change over or resting time than marked decrease’2. This being so,
it would follow that performance efficiency would suffer more when some skilled
action has to be performed at a slower than the accustomed rate, than at a rate
higher than that to which one is accustomed. Tt may be that the theory of ““Cent-
ral Organising time”, recently advanced by Mr. A. T. Welford of Cambridge
offers the best psychological explanation of this potentiality to tolerate accele-

rations in skilled performance. According to Welford’s estimates, the time-
between the onset of a stimulus and the beginning of a response movement is of
the order of 0-2 seconds. The time required for organising sensory data fed
back from either the beginning or the end of the response movement is 0-15
second. This would imply that when stimuli arrive at intervals of less than 05
seconds, as they occurred in some of Welford’s trackiny experiments at Camb-
ridge, there has to be “‘overlapping of organising time, thus making it thecretical-
ly possible for an operator to cope with rapid acceleration of movement”’. -
Welford therefore suggests that ‘‘the data from a stimulus, which arrives when
the central mechanisms are dealing with data from a previous stimulus have to
be ‘held in store until the mechanisms have been cleared’’28. If this were true,

this would explein how it is that certain individuals continue to give error free
responses even when the speed at which the stimuli are presented exceeds the
usual or accustomed rate of performance. :

Speeding up of Responses by Training—Although it has been established that
discrete Tesponses to successive stimuli requires intervals of not less than -0-5
second between stimuli, recent research on this subject hus shown that in many
skilled tasks, rapid patterns of movement are executed and the elements succeed
each other at rates much higher than this™. This is made possible when the
stimuli for the movement can be apprehended in groups and the responses may

be similarly grouped. The only limiting factor in this case would be the rate at
which the limb could be moved. In a series of experiments on RAF aircrew and
RN petty officer tradesmen, Miss M. Vince of Cambridge, set tapping tasks in
response to grouped dots presented in accelerating and decelerating series, at
random intervals ranging between 0-5 and 0-1. second between successive
stimuli. Although breakdowns were found to ocour when intervals were of the -
order of 0-1 second, the response rate, particularly in free tappings tasks were of
the order of 7 responses per second. When the stimuli were presented in large
and sufficiently clear groups, the response rate-approximated to the maximum
free tapping rate'®. Trained morse operators, for instance, have been noticed
to ‘copy behind’ and take down words, phrases, or even sentences while listening
to the succeeding phrase or. sentence. - :

Anicipatory Tendencies—Another important psychological factor, which
minimizes the adverse effects of speed stress is perceptual anticipation: When
relevant information is presented to the aircraft pilot in.advance, for example
through such media as ground radar or the radar set operated by the naviga-

tor in the interceptor fighter aircraft, the pilot’s use of this information will be
receptor anticipation. When, on the other hand, no advance informationis avail-
" able, but the pilot is able to deduce the nature of a forthecoming situation from
what he observes, and with-the help of the background of his past experience,
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his use of this information may be called perceptual anticipation. Laboratory
experiments designed by Dr. E. C. Poulton of Cambridge investigated this aspect
of the anticipatory response in considerable detail'®. The subject3in Poulton’s
experiments had to carry out a two pointer matching task, in which one pointer
had to be kept in line with a second pointer which moved in a single vertical
dimension in a simple harmonic or complex harmonic course, the subject always
held the response handle or wheel so that an upward response movement raised
the corresponding display pointer. Poulton found that in eight practice attempts, ’
his subjects improved the timing of their matching of the completely predictable
simple harmonic course. Even for the less predictable complex harmonic course,
they were able to learn to anticipate, though not completely. The striking fact
about these experiments was that at the two fastest display speeds, the error
scores of the subjects were surprisingly low. It goes without saying that the
cultivation of mental qualities such as anticipating and judging correctly will
be a wise investment for the demands which future military operations will make
on the skills of pilots. o

Selection and Training of Pilots—The present method of selecting pilots
for the Indian Air Force is based on experience gained during World War I1
and the main emphasis has been on the measurement and assessment of apti-
tude for flying. How far the tests which are at present in use give a true
measure of pilot aptitude as such is very difficult to say. All that can be said
with certainty is that those who have secured high scoresin the pilot aptitude
battery have been successful in.completing their flying training. This has
been confirmed by extensive follow up stud’es undertaken by the Psychological
Research Wing. Whether there is more to pilot aptitude than is evident from
the test records available at the Selection Boards is a matter on which hardly
any authenticated information is at present available. There is, nevertheless
some reason-to believe that the reduction of p'lot wastage does not in itself
constitute the main ground for the peak of efficiency in combat operations, parti- .
cularly those which involve considerable flying hazards. The problems of
the service aircraft p’lot, in fact, begin only when he completes his flying
training. His first problem arises when he has to’adapt his flying skill to the
mult:farious requirements of operational flyng. Much of course will depend
on what the plot has learned during the period of h's initial training. As
Dr. W. E. H.ck po'nts out, ‘“the basic sk.lls inculcated must be reasonably
lasting and not read ly obliterated by changed ¢’rcumstances. When the pupil
p’lot first leaves the ground, he will have little or no conscious recollection of
what he haslearnt....... In short, the pupil rmust be well drilled in those fundae
mentals which he is bound to need”7,

.

Conclusion

~ To sum up, when the human component in a man-machine system is
pushed beyond the limits of human capacity in graspng information presented
to the senses or in executing a series of actions correctly, a condition of speed
stress may be said to occur. Conditions encountered by aircraft pilots, parti-
cularly those engaged in fighter aircraft operation, make a consideration of the
forms of speed stress and measures to alleviate their adverse effects very im-
portant. )
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Three forms of speed stress merit attention: first, the failure to perceive
rapidly occurring changes in the environment. Psychological experiments
have shown that in a swiftly moving succession of test items, a h'gh proportion
of stimuli are missed when the time intervals between successive items is less
than 0-5 second. Secondly, serious breakdowns in the accuracy of decisions
occur when the time ava‘lable for making decisions is reduced below 10 seconds
for a simple decision. Thirdly, speed stress d'srupts the smoothness of
skilled action which constitutes the effector phase of the skill. Protraction of
response times to the extent of 10 to 15%, above normal has been observed in '
fighter pilots at the end of hard flying sorties.

Of the various demands which high speed flying makes on the aircraft
pilot, the stresses resulting from travelling at high speeds are easily the most
exacting, since high speed flying allows the pilot very little freedom for direct
observation. Even the little time spent over such actions as interpreting
aireraft instruments or aligning the aircraft with a target lay pilots open to
serious flying hazards. ' ‘

The latent period of perception, which may extend to 300 milliseconds or
more, and the time required for decision taking, which will involve a delay of
nothing less than five seconds are significant time lags in supersonic flying.

Some mitigation of the adverse influence of speed stress is possible on
account of the pilot’s capacity to get used to flying at high speeds, by his
cultivation of the experience of dealing with groups of stimuli rather than whith
single stimuli and by learning to utilize his capacity for perceptual anticipation.
It is of paramout importance that in the selection of aircraft pilots- the several
demands made on the pilot by high speed flying should be accerded due weight.
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Discussion

The paper was opened to d'scussion after it was read. Squadron Leader -
Jones drew attention to the importance of reaction time in flying and suggested
that it should be introduced on the selection boards. He inqu'red whether some
tests to assess reaction time were available and suggested that some method to
develop speed of reaction at the training centre ought to be devised. Dr. Adi-
seshiah agreed that reaction time is a very ix portant factor in flying and pointed
out that some of the present tests in flying aptitude battery take into account
speed of reaction in the person tested. Further, experiments have been
carried out in the U.K. on antic pation. The results showed that one can be
taught to anticipate things and the strik'ng feature of these experiments was
that the error scores of the subjects were surprisingly low. Squadron Leader
. Jones inquired whether greater weght could be given to reaction tire in the
case of pilots who ‘are selected for jet flying.

Wing Commander Bobb pointed out that pilots are selected not for jet
flying only, but on the bas’s of their capacity and aptitude to fly. Selection for
various types of aircraft is done after the pilot passes through his flying training
at the air force college. Captain Batra asked whether cond:tions in the labora-
tory simulate those in actual manoeuvres. Dr. Ad'sesh’ah pointed out that
reasonable amount of control is possible ins'de the laboratory but the operational
situation cannot be duplcated one hundred per cent. At best the findings
of laboratory experimrents can be only a guide ‘to what is capaple of being
achieved in real | fe conditions. '

Col Bartaj 8'ngh inqu'red whether it is poss:ble to determine the optimum
at which a human be'ng can operate. The cha'riran stated that this has been
a difficult problem on which several comironwealth countries have carried
out extensive researches. The Canad’ans, for instance, have recently produc-
ed a guide book for use by des’'gn engneers. But, in actual practice, it has
always been found necessary to make some kind of a compromise. In the last
‘analys's the dec’sion regarding a'reraft des’gn is the responsibility of the producer
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rather than of the psychologist. Col Sartaj Singh agreeing with the .opinion
expressed by the chairman stated that it was very essential to bear in mind the
principle that the aircraft should be built around the pilot and not the pilot
around the aircraft. Dr. Asthana inquired whether speed stress is studied mn
comparison with other conditions of stress encountered in flying. Dr. Adise-
shiah replied that there are aero-ied cal research units working in collaboration
with the personnel of the Defence Science Laboratory. There is sore amount
of co-ordination between those who are engaged in research on the problem of
flying personnel. Recently, an Aviation Med:cine School has been started in
Bangalore which provides useful information on findings of their research work
for the benefit of those who are engaged in flying. -



