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SUMMARY

Ajrerew are familiax with distortion in the apparent duration of
elapsed intervals of time, and they are aware of factors which
may acceniuate this distortion. It is appavent that the content
of the interval and the attitude of the individual towards it are of
paramount importance in determining punctuality.

Three separate laboratory esperiments on Man constitute the
basis of this research, Thelr cbjective was to investigate a few
of the factors thought to be relevant to an understanding of some
of the mechanizms which underly the accurate assessment of the
duration of an elapsed interval,

In the first laboratory experiment it was shown that the apparent
duration of a ten-minute interval was decreased by the performance
of a tracking task and increased by exposure of the subject to
irrelevant alteration in the environment, By obtaining a ¢guanti-
tative subjective aszsessment of alertness and a measure of gkin
resistance change, it was demonsivaied that the subjects' level of
arousal was Increased by both performance of the task and

exposuve to the environmental distraction. No significant
relationship between arousal and apparent duration could be elicited.



In the second experiment it was demonstrated that a 1 ke/s tone
increased the apparent duration of a ten-gecond Interval ag
determined by the method of serial reproduction, but only when
it was presented in the judgment intérva,l. No consistent
digtortion was obtained when the resistance to respirvation was
increased.

In the last experiment, evidence was obiained which suggests

that the relative duration of a one~minute interval is related to

the attitude of the individual towards its content - the stronger the
view expressed, be it preference in its favour or aversion against

it, the longer the apparent duration of the interval,

It iz concluded that any composite theory of the mechanism of the
perception of time must include an understanding of cognitive and
affective processes. To alrerew, as control~-system operators,
time pereception is a maiter of practicality; in order to reduce

the incidence of human érmr, it i advised that they rely implicitly
on accurate chronometers to assess the duration of an elapsed
interval and achieve punctuality.
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SECTION I

INTRODUCTION
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Despite the fact that aircrew are performing tagks of increasing
complexity, the dangers involved in flying are decreasing.
Recorde of accidents in the Royal Air Force have been kept since
19223, when there were B.62 fatal accidents per 10, 000 hours
flown. &ince then the rate has fallen to a minimum of 0,25 in
1960 (Directorate of Flight safety, 1922 - 1281). This improve~
ment can be attributed to more efiicient aiveraft and to a better
knowledge of the causes of accidents which has led to the
intreduction of new training methods and technical aids.

In recent years a record has been kept of the number of accidents
that were attributed by a Board of Fnquiry, in whole or in pavt to
pilot exror. In 1858, B4 per ceni. of fatal accidents were due

to this cause, and this proportion has fallen progressively to

33 per cent, in 1261, The fact that pilot error plays such a
large part in the causation of accidenis provides the incentive to
investigate the reasons for the fallure of individuals to periorm
their task adeguately.

The clasaical problems of acrospace medicine are associated
with acceleration, aliitude and temperature, and the physiological
limits for the specific stresses of conventional and extra~-
terrestrial flight are now well defined. This understanding and

19



the resulting technical developments have contributed much

to the improverent in flight safety. Xowever, little is known
of the leas tangible effects of the neurogenic siress of these
factors on the behaviour of an individual and on the qualily of
his performance (Stewaxt, 19569)., There are at present
specific problems in this contest in which interest is paramount
in the Royal Air Foree, and the research constituting this thesis
is directed at one of them.

Airerew have io perform certain dutles at specific times duriog
flight, and they have access to accurate chronometers in ovder
that they may do so without exror. However, mistakes can still
he made due 1o the crew's failure to appreciate the correct
duration of an elapsed interval, Since 1961, there bhave baen at
least two major accidents in the Royal Air Force, in which a
failure of the aircrew o realise that the aiverall had been air-
borne for longer toan usual was considered as a contributing
cause. The following accounis serve to illusirate that aceidenis
happen which might have been avoided if the aircrew had had a
better appreciation of elapsed time and a greater realisation of
the relevance of distortion in time perception,

1) The crew of five of a bomber were briefed to caryvy
out a training sortie of gix hours, twenty minutes, in
the last hour of which they were t0 be in the vicinity
¢f the base airviicld. Afier this interval had elapsed
they continued to carry out the detailed exercize; it
was not until six hours, forty minutes had passed
that they noticed that the aircrait was ghort of fuel.

18



They had not fully appreciated that they had been
airborne longer than is usual and the aivcrafl ran
out of fuel on its final approach to landing afler six
hours, fifty minutes. It susiained damage beyond
repair, though the crew were uninjured

(classified reference),

(ii) After 40 minutes airborne on a iest-ilying sortie, a
single~-geat fighter returned to overhead its base
airfield, The pilot noted that he had excess fuel and
elecied to continue the sortie. Nincteen minukes later

the aircraft ran out of fuel on itz final avproach to

S

landing, though the fuel contents gauge registered
that sufficient fuel 10 land safely wai available. The
pilot was uninjured, but the aircraill sustained damage
beyond repair, The pilot stated afterwards that he
had not realised that he had been sirborns zo long.

(tdrector Ceneral of Flying, 1981).

It iz of interest that the mean dursation of the previous
44 sorvties of this aireraft was 32 winutes with a
standard deviation of eight minutes. Thus the
guration of this particular sortie exceeded two

standard deviations from the mean.

There is a wide range in the duties of aircrew during flight and,
of necessity, very different degrees of attention are appropriate.
In some flights, intense concentration ig demanded and the pilot

iz subjected to considerable physical stixaulation, such as during

18



low-~level aerobatics; in other flights, such as long range
reconnaissance over the sea, there is almost inordinate
boredom. The duration of intervals to be assessed also varies
greatly; durving accurate lnstrument fying, scanning of certain
instruments must be repeated every fow seconds, though other
tasks need not be performed for much longer intervals.
Distortion of time perception may well upset the {requency of
carrying out these tasks, and the factors afiecting apparent
duration may have wide ixoplications, Distortion of time
pereeption reduces the efficiency of alrcrew ag control-sysiem
operators, jeopardising their safety and placing others in danger.

In the understanding of time and the perception of duration,
philosophic and physical concepts arve involved that require
appreciation of the relativity of existence. James (18920) wrote :
"But whether our feeling of the time which immediately past
events have filled be of something long or of something short,

it is not what it is becausge those evenis are past, but because
they bave left behind thein processes which are present,
Wallace and Rabin (1960), in an important review, distinguished
clearly between time perspective - the past, the present and
the future - and time perception - the appreciation of duration.
It ig to the latter, a small portion of the temporal continuum of
the former and the processes referved to by James, that the
research congtituting this thesis is directed.

The ditficuliy of 2 fundamental definition of time was recognised
by Gilliland, Hofeld and Ecksivand (1946) who could only
reiterate after cogent argument that it is one of the two character~

20



istice of movement, the other of which is space. The
appreciation of duration thus avises with change and can only
be attained by comparison with previous temporal experience.
Mach (1900) in a philosophical review considered that "we feel
the work of atteniion as time', though James (1880) in a
similar context considered that boredom could be defined as a
state when one is aware of time passing. Woedrow (1251) in
standard veference work, wrote that time perception is a
variable process and the judgment is dependent on the nature of
the experience. Thus, assessment of the duration of an interval
ig likely to be influenced by change in the environment as
reflected in the cerebral sensory intlow aand by itg relevance o

the individual.

Whitegide (1960) in a personal communication suggested to the
author to investigate the relationship between apparent duration
and degree of wakefulness -~ arousal; ithis reguest pervades the
experiments reported in the following studies and determined

much of the author's attitude towards the research.

No report in the literature could be found which examined dirvectly
the bearing of tixne perception to aviation. In order to obiain

a better understanding of this problewm in flight, a formal
interview situdy of aircrew was carvied out. Ag a resuli of this,
a gquestionnaire was prepared which was completed by a large
number of pilots. 'These studies were associated with the
collection of information on other aspecis of flight safety. ©On

the basis of the evidence obtained an experviment was carried

o
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out aimed to assess in the laboratory the reproducability of

the distortions reported, The relevance of the level of arousal
to the apparent duration of intervals, of comparable duration to
those coxomonly judged in flight, was ezamined in detail to
investigate Whiteside's hypothesis as a possible mechanism

indueing distortion.

Woodrow (1230) drew attention to the relevance of individual
attitude in the appreciation of duration. This prompied examina-
tion of the use of apparent duration t0 assess attitude towards
envirommental conditions present in aviation. This was investi-
gated in two fuxther studies; the first, a preliminary experiment,
was done primarily to explore this ag a possible means o defect
flaws in oxygen-system regulatorsg; the second, as an agsociated
investigation in an experiment done primarily to select the least
digtraciing frequency of flashing light to recommend for use in

aiveraft ag an anti~collision visual aid.

Comment An understanding of wany problems in clinical
on Method-

ology research presupposes that it is pogsible to

communicate the desirved information from the
subject to the observer, and so measure it. As measurement,
in its broadest sense, is "the assignment of numerals to things
so0 as to represent facts and conventions about them' (Stevens,
1948), the amount of subjective information, such as on arousal,
that can be transferred is limited by the language of common
discourse. Though individuals may appreciate their state on a

continuum, words, being designed for the communicaiion of less



specialised parts of experience, may f2il to describe adequately
in a guantitative way more than the broadest indications of the
gubjective experience.

Thus, for accurate measurement of psychophysiological
phenomens, it is essential to establish unigue modes of comrmuni-
cation. In these experiments, simple visual analogues -
continuous scales with boundaries clearly defined - were used;
the subjects or judges were instructed in the rules in unambiguous
termsg in the language of common discouvrse, For example, in
order to assess degree of subjective aleriness, the subject was
presented with a 100 mm. line; he was instructed to regard

this as representing the possible degrees of alevtness, ranging
irom a state of sleep at the extreme left, through a region
signifying moderate wakefilnesgs in the middle, to a panic-
atriclen state at the right end. He was agked to mark the line

to indicate his assessment of his aleriness during a preceding
interval (Gedye, Aliken and Ferres, 1961).

The interpretation of marks on continuous scales is governed

by the rules under which they are made and necessarily involves
the assumption that the rules are obeyed. Then, in further
digcuseion, as long ag position of marks are referred to, one
can uge staiewments appropriate to position of marks., For
example, if an individual is instructed to wark lines o indicate
hig level of aleviness on two occagions, one is entiiled to infer
that a difference in scores between thewmn indicates a difference
in alextness., However, it doeg noi necessarily follow that a

mark twice the distance from one end means that the gubject was

a3



twice as alert., Similarly, if two subjects mark points that
give the same aleviness score, it cannot be assumed that they
wished to convey a gtate of aleriness that is identical, and this
interpretation may be invalid unless otherwise substantiated.
One can, however, draw attention to what is the mean score

for the two subjects in different situations.

Thug marks on continuous scales do not permit lberal comparison
between subjecis or judges, as each individual may consider the
scale differently; but comparison between conditions or data

can be made with greater sensitivity and more understanding of
degree than with semantic phrases, 'This lmitation is no more
than that holding in comwon discourse, which contains an

apparent assumption that the same language, up to a point, is

being spoken in order to communicate the information,

It is indeed logical to use a continuous scale with its boundaries
clearly defined for a subjective continuum requiring measureinent,
such as aleriness, resistance to respiration or apparent duration,
ag it is also, of course, logical to use categories for a graded
parameter. However, in many expeiriments in ¢linical research
the special language is often constructed with aviificial
categories in ovder to simplify and standardise the communica~
tion of a continuous varisble, Grading has the disadvaniage

that nouch of the available information may be lost, and the
meaning of the categories may be open to misinterpretation
outwith the control of the experimenier. Also the differences
between two adjoining categories way not be ithe same, and s0

the resulis not be amenable to certain sensitive statistical
procedures,

f
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In 1947, Metiessel proposed the technique of poriioning a fixed
quantity of a unit between a set of pogsible aliernatives.

Mandler, Mandler and Uviller (1958) used the method to measure
the awareness of autonomic activity; they asked subjects to
divide a 145 mm. line into two portions, indicating the proportion
of thme that the specific modality was in conscious thought. In
an experiment here recorded, this method is proved ideal to
determine the attitude expressed by subjecis towards conditions

and their welative durations.

With this technique of graphic rating more information is
communicated ag the number of categories ig selected only by
the power of resolution available in measurement, The method -
avoids the important defects inherent in the ugse of categories
and provides guantitative measures which are amenable to
standard statistical analyses for continuous varviables, such as
analysis of variance. GCraphic vating provides a technigque whose
usefulness is advocated to all who regulre assessment of
phenomena on which Man has a view to express on his subjective
involvement; evidence will be presented to support this atate-

ment,
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SECTION §f

HISTORICAL

REVIEW



"The early experiments on time perception weve undertaken
mostly to verify Vierordt's observation (1868) that there is a
tendency to overestimate the duration of short intervals and to
underestimate the duraiion of long intervals, This statement
carries the implication that there is an indifferent interval which
is accurately estimated. Woodvow (1951) in reviewing the
evidence for this concluded that its duration is dependent on the
attitude of the individual towards the experience and the chavacier-
istics that define it; usually it is acknowledged to be less than a
second. These early experiments were also concerned with the
accuracy of digerimination and reproduction of intervals of very
short duration, but in aviation, as in every-day life, temnporal

judgments are more commonly required of longer lntervals.

As mentioned in the introduciion, no reference could be found in
the literature on the direct connection between time perception
and flying. However, there are many studies on the effect of
oceupation on the experignce of time, some with apparently
conflicting resulls., The {ollowing ave examples of conclusions,
the evidence for which seemed to the author to have been obtained

with particular cave.

Mach (1900) cbserved that when an individual has exerted a severe
menial effort, the duration of the elapsed interval appears to
have been prolonged. Loechlin (1959) in a factor analysis on the

a1



influence of different activities on the apparent duration of
intervals confirmed that interest/boredoin is the major factor;
yet he reported that the more attention demanded by the situation
the shorter it appears to be. This has been verified experi-
mentally; Swift and McGeoch (1925) showed that a ten~minute
interval was estimated to be less when subjects were actively
copying script than when they were lstening to a story.
Similarly Gulliksen (1827) reported that the estimates of a 200~
second interval were legss when subjects were mentally working

!w

than when sitting passively waiting. Frankenhauser (1859}, in

‘,

2 complex gevies of experiments, also showed that if awareness
of time is favoured, the estimate of the duration of an interval
is increased; while if vetention ig not favoured, such as by the

presence of a competing task, the estimate is reduced,

The direction and degree of motivation to degire an interval to

end is also consideved to play an important role in determining
apparent duration.  Filer and Meals (1849} reporied an experiment
where estimates of the duration of a 277{-second interval were
longer when students were motivated stroongly to desire the interval
to end, 0 that they could leave class early. chonbach (1259)
reported a similar resull on the duration of a L3-minute interval,
the estimates were longer when subjects were in a situation of
high need (hunger) compared with neutrality. £alk and Bindra
(1954) demonstrated that an anxiety-provoking sitvation (adminis-
tration of an electyic shock at the end of the interval) led to longer
production of a requested 1b~second interval compared with

neutral circumstances. In comtrast to this Langer, Wapner and

é



Werner (1981) showed that the awareness of impending danger
(subjects moving on a trolley at a constant velocity towards a
precipitous edge) induced shorter production of 2 requested five-
second interval compared with when subjects were moving away

from the danger.

These apparently eontradictory findings may have resulted froim
contrasting motivation for the intervals to end. In Falk and
Bindra's experiment, subjects knew that the intervals would
terminate with pain, so they may have felt that it was to thely
advantage {o postpone its administration; while in Langer, Wapner
and Werner's experliment, subjects tnew that 'éh@:i.r anxiety would
be relieved at the end of the interval, and it was to their benefit

to terminate its duration eaxly. Irwin (1961) in a review concluded
that there is evidence to support the hypothesis that the more an
individual desires an interval to pass rapidly, the longer it will

appear to be.

Degree of task difficulty, anxiety, attitude, motivation and

physical alerting influences are all common to flying and may
influence aircrew in their correci temporal orvieniation. ¥Fredericson
(1851) suggested that time ie experienced as longer becauge of an
increase in neuvophysiological activity., ¥ {his hypothesis of &
relationship between apparent duration and cexrebral cortical

activity, or level of arousal, could be substaniiated, its application
would provide a common mechanism which might resolve some

of the diversity of opinions of previous workers on distortion in

time perception.
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Woodrow (1930, 1933) in experiments on the reproduction of
intervals, direw atiention to the wide differences between subjects,
and indeed in an individual subject on different cccagions. In
recent years, research hag increased in an atiempt to esiablich
the velationship between personality and temporal perceptual
ability., Eysenck (1959), for example, demonstrated that extro-
verts, as selected by the Maudsley Personality Inventory,
estimaied five- and ten-gecond intervals to be shoriter than did
introverts. Lewis (1932) reitevated the clinical observation of
Browne (1874) that disorientation in time is common in mental
iliness, noting that this is especially so with depersonalisation.
Sehilder (1936) considered the psychopathology of this observa-
tion and more recently the psychodynamics have been reviewed
by Du Bois (1854), who concluded that a normal sense of tie
aids in successiul psychological adjustment.

Boardman, Goldstone and Lhamon (1957) demonstrated with the
method of comparison an increase in the variability of apparent
duration of one~second intervals afler the administration of
lysergic acid diethylamide, a drug which produces schizophvenic-
like behaviour; their vesulis did vot reveal distortion in time
perception such ag they had demonstrated previously in schizo-
phrenic patients by the same experimental method, (Lhamon and
Goldstone, 1986). Cohen and Mezey (19612 and 1961b) were
unable to e:éemunﬁtraté any differences in time perception between
normal and anxious or depressed patients, though depressed
patients say that subjectively time appears 1o pass slowly.
Congideration of the available evidence permiis the conclusion
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that time experience i itself a phenomenon dependent on
affective life (Fredericson, 19481), and the manner in which a
person handles time is very closely linked to the structure of
bis character traits (Schneider, 1948). Differences between
individuals are thus of great velevance, but unfortunately it was
not found possible to make these differences a direct object of
study in this research.

The relationship between time perception and physiological
processes has interesied research workers for many years. j
francois (1928) observed that the :agf%rthm of tapping increased v//4/
when the body temperature was raised by diathermy. Hoagland
(1933) reporied an experiment on three subjects in which the

rate of counting at 2 requesied uniform rate was fasiter when

they were pyrexial; he suggested the hypothesis that time
pereception is under the control of a cerebral clock-like mechanism,
dependent on the rate of metabollsm. Hoagland and Perking
(1935) produced further evidence in support of this, when they
demongtrated that the logarithm of the speed of counting at a
requested one-per~second was directly gix*ogaoz*tiozaal to the body
temaperature when it was raised by diathermy. CGardner (1235)

in a very simple experiment sould not demonstrate a difference

in time perception between hypo- and hyperthyroid patients,
Schaefer and Gilliland (1938) confirmed many previous experi-
ments, when they were unable to show any relationship between
the accuracy of the estimation of the duration of short intervals
(4-27 sec,) and phyesiological processes, as measuved by bload

pressure, pulse oy respiratory rates,
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In reviewing the litevature of time perception, one is lmmediately
impressed by the confusion in teriainology and apparent contra-
dictions that surround the phenomenon of experience of time, It
is only in relatively recent years that the conceptual confugion has
been elavified (Clausen, 1950; Bindra and Waksberg, 1256).
These authors define the experimental methods available, and the
subsequent interpretation of resulis in relation to the concept of
rate of a cerebral clock.,. Woodvow (1851) in his authoritative
deliberation on the subject concluded from his understanding of
the previous work that individual performance in assessing apparent
duration appears to be sensitive to the exact observations that are
used to elicit the information. I is thus essential to list the
available methods, and record definitions of those uged in this
research.

Intervals whose durations are to be assegsed may be either 'filled’
or 'empty’; that is to say that the signal denoting the interval may
either occupy it or not (Bwift and McGeoch, 1925). Apart from
this, there are available four basic metheds :

(1) Betimation  The experimenier exposes the subject to
an interval and requests an assessment of itg duration, This
may be given either verpally in terms of temporal units
or spatially in terms of syimbols already defined, such as
with the use of a clock-face or linsar scale,

(i1) Production 'The experimenter requesis the subject to
respond afier the lapse of a stated interval from a given
refervence moment.



(iif)

(iv)

Reproduciion The experimenter exposes the subject

to an interval (standard) and requests him 1o respond

after the lapse of a subsequent interval (judgment), He

may be instructed either that this should be of equal

duration or a requested proportion of the standard, such
s half (method of fractionation; Gregg, 1951).

Llewellyn-Thomas (19592) medified the method of equal
reproduction in order to amplify any induced consistent
distortion. He presented the subject with 2 sevies of
standard intervals of which the duration of the second and
subsegquent ones were the same as his "judgment® of the
preceding "standard’. In a sedquence of trialg, any
congistent exror will then tend to magnify distortion.
This method of serial reproduction hog something in

comamon with the use of positive feedback to increase the

galo of an electronic amplifier,

Comparison The experimenter exposes the subject
to two intervals and requesis him to compare their

duration. The information may be either dichotomous,

the subject only indicating which is the longer (e.g.
Whitely and Anderson, 1930), or by apportioning quantity

of how much longer, indicating relative duration. Thisg

method ig an elaboration of the method of estimation;
information obiained in this way can be modified easily to
resemble that from the method of estimation if the subject
is requested to indicate subsequently the duration in
temporal units of one of the two intervalg.



It can be zeen that the methods of estimation and production

must utilise the concepi of clock-time as the ingstructions and
resulis must be communicated between the subject and experi-
menter in a language of common discourse. Thig is not requived
with the methods of reproduction and comparison. I will be
appreciated that the method of reproduction is 2 combination of
the methods of estimation and production as fundamentally these
are what the subject is requested to do.

There is a fundamental conceptual difference between the methods
of estimation and production. With the method of estimation the
subject is assessing the apparent duration of an interval whose
actual duration is controlled by a reference system; while with
the method of production, the subject is conirolling the duration
of the interval, which is only assessed by the reference gystem.
Bindra and Waksberg (L956) clarified this further when they
differentiated clearly for the different methods between objective
(clock) time and the subjective sensation of time pasgsing. They
peinted out that if the analogy of a cerebral elock is used and a
specific situation i3 reputed to make it go fast, an interval will
be underestimated by the method of production and overestimated
by the method of estimation; no distortion will be discernible by
the reproduction or comparison metheds, if the distortion is
present and equal in both intervals., Clearly it 1s imperative that
termg such ag "underesiimate’ and 'overestimate' are avoided in
digcussion of experiments, unlegs great care is exercised 1o
detine the method under consideration.

o2
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Woodrow (1981) considers that the capacity to estimate or produce
specific units of thme is 2 judgmental process; this is based on
the consclousness of events which are then related to previous
experience in conventional units of time. Hzamination o
association between this judgmental process and the factors
inducing distortion constitute the bagis of this work; however,
like mogt judgmental processes, the appreciation of duration

may become impaired under a variety of conditions; it is clear
that the relevance of this to aircrew may require a full under-

standing of all the coganitive and aiffective processes of Man,
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SECTION I



A. INVESTIGATION BY INTERVIEW ©

As the appreciation of the duvation of an clapsed interval is a
subjective experience, it was thought that informeation on any
distortion in apparent duvration could best be obiained by
establishing the views of the pllots themselves, Casual conversa-
tions with aircrew by the author and bis colleagues had suggested
that aircrew are aware of many factors which influence their
ability to estimate fime accurately and are of relevance to their
flying proficiency. This account is a small part of an investiga-
tion to verify formally these impressions and {0 assess some
relationships between possible other velevant features. The
investigation was directed at all factors thought to influence the
incidence of accidents due to pllot exror; the detailed resulis

of Little divect bearing on time perception are omiiied from this
account.

Method Twelve Javelin, four Ldghtaning and four Hunter
pilots were interviewed. These are all high

periormance fighier aireraft, currently in service in the Royal

Air Forece. The pilols were selected informally; the author

presented himself in routine operational crew-rooms and asked

v Altken, 1962



for volunteers willing to discuss problems which might influence
their flight safety. ®ach pilot had an interview with the author
for about an hour, Particular care was taken to see thai the
conversations were as unstructured as possible. However, in
order {0 assess certaln aspects that might be relevant, and to
keep the conversations flowing smoothly so that indormation wasg
released, the following topics were raiged -

) Time perception

(ii) Incidents of spatial disorientation (Jones, 1957)
with particular reference to precipitating
factors

(i) Awareness of physiological processes such
as palpitation, dyspnoea or muscle eramp

(iv) Mistakes that could be attributed to
"wnawareness' (Working Party, 1961) with
particular reference {0 associated factors

(v) Specilic criticisms of the airerail workspace,
the pilots' control by Alr Traffic Control,
and their discipline

Hegults Many features were revealed in the interviews
under each heading and the following are the resulis
relating to time perception -

The majority of the pilots made the common observation that
while flying, as clsewhere, boredom makes time seem to drag
and interest makes it appear to pass faster. This change with
interest seemed to be dependent on the nature of the task., It

appears 1o be very true for in-flight refuelling, a manoeuvre



requiring very steady and acecurate control, when time seegms
to pass very fast. However, pilois reported that when
performing formation aerobatics, another very demanding
situation providing great interest, a shoxrt interval often appears
to be of very much longer duration, certainly in retrospect.
Thesge alterations in 'feeling' did not seerm to he proportional

to the duration of the interval. One pilot, for example, siated
that often ten minutes feli lilke 15 and yet ten secends felt like §0;
conversely, ten minutes felt like three, but {en seconds only
felt like seven. One pilot cbeerved that time appears Lo pass
gslowly on sorties in which he could describe the nature of the
duties ag particularly exciting or boring. A number of pilois
stated that time seems {0 pass more slowly when night-ilying
than when flying during the day on similar duties, and one pilot
noticed that when flying over sea, an interval seemp to take
longer to pass than he would have expected if he had been flying
over land. Another pilot noticed that when he is suffering from
physical discomfort, such as from pressure on the buttocks,
time appears to pass slowly. Another pilot observed that when
he is anxious, he does not 'feel’ time passing concurrently, but
only appreciates that an interval has elapsed in retvospect,
Pilots on standby at immediate readiness are enteriained wiith
innocuous music over the telebrisf, and most of the pilots
considered that the time would drag even more than it does it

they were not exposed to the mugic,

To assess the appropriate duration of a sortie, the pilots appear

10 rely more on the information from the fusl contents gauge



than on the elapsed time airborne. They do this despite knowing
that the reliability of the fuel contents gauge is poor, and
notoriously inaccurate at low fuel states, and its serviceability
worse than their service watches. They coneider, and rightly
80, that the information of fuel contents is more velevant to
them than the duration of the elapged flight-time, but when the
latter is unduly prolonged, it appears that they havdly ever
suspect a fault in the fuel contents gauge. An example that
came to light illustirates thig -

A pilot of o Lightuing flew a sortie without a watch.
As the ilight was very gentle, the airerafl used very
little fuel; it landed safely after 80 minutes, when
the fuel contents gauge registered the appropriate
amount. The pilot considered he had been alrborne
only 65 minuies; he had relied impliciily on the
fuel contenis gauge, but he agreed that if i had only
been slightly inaccurate, the incidence would have
had a more tragic ending.

In summary, pilots repovied that interest, even if only attained
by music, makes time appear to pass fast and increased stress,
such as flying over sea, {lying at night, periorwming aerobatics
or sutfering from buttock discomiort, makes time appear to pass
more slowly. The evidence cbtained suggested that apparent
duration might be dependent on the demand of the task during an
interval and on the amount and relevance of the physical stimu-
lation to which the pilot is exposed by nature of undertaking the
task.



Agsessment Inan attempt to make the resulis of the inter-
of Hesulis . N e
view as quantitative as possaible an accouni of
each was transcribed under the five topics to typescript from the
original notes. Four judges, all of whom were redical officers,
then read each sepavately in vandom order; ihey did not know to
which pilot any daia referred and they rated the varvious factors

guite independently.

The judges marked finite, continuous gcales (100 mm. lines) to
convey their assessment of the degree of liability or relevance of
that factor for each pilot. They had been instructed that & mark
at the extrerne left end would indicate that their assessment of
Lability to disorder in that factor was minimal and that a mark at
the extreme vight end would denote a maximal score; 2 mark at
the centre of the scale would represent the judges' own agssessment
of normality, and at interwaediaie pogitions, the relative streungth
of their judgments. The marks were measured to the nearest
millimetre from the left end and the valves are given in Table I
they were then ranked for each factor, the first having the highest
seore.,

Kendall's coefficient of concordance, W, (Slegel, 1958) was
caleculated from the rank order of the scores obtained from the
judges for cach factor. Table 1T shows the values of W wiﬂl their
significance. It can be aeen that there is good agresment between
judges on all factors. Thug, statistical examination on the final
agreed rank order of the subjects with correlations between factors
are permissible, The coeflicient of concordance is, however,



Table I

Measurements of liability for each factor by four judges

Javelin Pilots
Factor Judge

12 3 4 5 6 7 8 9 10 11 12
Time 1 |59 B0 50 30 52 58 36 58 46 54 46 60
perception | © |32 4L 27 26 26 32 34 39 30 93 31 35
disiortion | 3 |32 44 32 58 40 38 39 47 67 33 64 56
‘ 4 |47 48 47 Bl 48 44 48 48 55 43 46 58
| Soatial 4 |13 10 1% 17 3 4 18 10 22 23 11 18
doorienta. | |35 15 15 19 12 19 88 25 25 61 40 30
tion. 3|92 431 48 31 17 36 74 25 54 49 57 61
| 4 |33 40 40 29 27 19 51 42 23 49 48 42
Awareness | 1 59 13 3 7 13 306 14 7 46 41 18 3
of physio- | 2 |67 30 19 21 i5 60 37 21 48 62 19 21
logical 3 |78 62 24 20 12 56 43 37 68 &7 69 20
processes | 4 |72 58 67 53 5Y 65 60 69 56 64 59 64
L |87 B7 38 50 67 59 20 58 34 29 56 63

' on
gnmmre 9 |47 43 42 47 55 36 43 55 40 37 54 48
m;’;‘%mm 3 46 53 30 26 63 22 36 66 23 53 BG 45
rislates 4 148 A7 45 40 B4 35 42 48 38 45 45 48
o L. |49 B9 61 57 29 33 26 59 55 27 43 492
Specific 2 125 49 32 42 24 33 28 37 29 20 22 36
criticisms | 3 |53 52 5% 58 42 30 33 57 48 27 29 40
4 |48 47 48 49 43 43 41 48 52 34 46 51
Age: years 34 34 33 34 32 30 37 32 22 32 39 31
ﬁgﬁg‘ﬁﬁ?um 24 16 256 23 26 18 32 13 28 25 35 a1

The scores have a possible range from 0 to 100




Table I (continued)

Measurements of liabilily for each factor by four judges

Lightning Pilois Hunter Pilots
Factor Judge

i3 14 15 el iv 18 18 20
T i 38 37 53 73 lea w3 63 62
e 9 22 32 990 47 | 42 39 30 40
pEE’CGPﬁGn 3 25 29 €=8 ‘?? ?‘0 AL 6,1 F‘D
distortion " PO B S
| 4 | a7 48 49 53 )48 B4 4 4y
) 1 20 7 15 3 li2 13 19 14
Spatial 2 |30 43 23 e3|is 18 is 35
Con e 3 |71 54 64 80|80 47 38 18
1 4 44 80 a7 64152 49 33 28
Awareness 1 29 27 i1 18 {1 332 31 23 34
of physio- & 44 35 44 35 | 39 65 38 32
logieal 3 46 62 55 B3 lei 83 w2 @i
processes 4 g9 B8 683 H8 81 65 65 60
S i |67 17 53 54§38 BO 46 41
nz’j’f?}’*’m e- o5 | &7 35 52 54050 38 48 34
ol stalces 3 60 28 65 628924 57 93 51
sa 4 41 43 45 44 § 43 43 39 48
1 54 38 70 45| 53 e8 83 65
Epecifle 9 38 29 30 26 || 31 48 57 44
criticisms 3 48 45 @5 B5 § BE 6H AT &1
4 45 44 41 38 [ 48 B2 B4 B4
Age: years 95 24 29 22925 23 95 a9y

Flying hours . o 7w
e 12 40 12 8fis 7 i3 18




Table 11

Kendall's coefficients of concordance of the judges' scores with
their levels of significance

Factor W P
Time perception distortion 0.53  0.01
spatial disorientation 0.1 0,001
Awareness of physiological processes §.56 0,001
"Unawareness’ mistakes 0,69 0.001
Specific criticisms 0.69  0.001

Table 181

Spearman's rank correlation coefficients between the tlme
perception distortion scoves and these facltors with their
levels of gignificance

Yactor Yy iy
spatial disorientation : -0.01 N.8.
Awareness of physiological processes «-0.,06 N.3.
"Unawareness' mistakes ~3.06  N.S,
specific criticisms +0.50 0.05
Age «0.37  N.S,
Flying hours -0.33 N.S5.




loweat for tlue povesption digtovtions; this would suggoest that
1 is the most nebulous concent of the bhoetors ranked,

dpearman's vank corvelation confficient, r , (Slegel, 1966) was

then calenlated on the agreed rank ovder of the subjests for all

fantora, age, and fying hours. ‘Lhe covvelation hetween

Hability o cistortion in thwe perception and the othoxr factors

ave shown in Table BT, page 44. I can be seen thot vy is
nogative fov covrelation with all factors a}m;}g@t Tspegific oriticioms’

which iz alco the only one that ig gigoiiic

& Brugkal-Wallle one-way ronk analyols of vaviance (Hegel, 16858)
way earvded out on the agreod ranlt order of sach faotor to
detormine if there were any significant difforonces betwesn the
seores from the pliots of the different aiverail typos. It was
determinged that the Javelin pllols were older (K = 11,6; 2 = 0.01)
and had Hown more hoves (H = 18, §; P = .01} than the Lightning
or Hunter pilots.

4

IE was also determined that the Bunter pilots had hipher scoves

on the 'aspeeific criticigms’ acale than the Lightning or davelin
pilote (= 6.8; P = 0.08). The reason for this difforense hetween
the pilots of the different alrerait wag not cleaxly apparent. The
Hunter is a popular alveraft to iy sod the explonation may well

lle in the type of role these pllols were allcited at the tlmwe of

thoe invootigation, In ordsr to allow for this, dnearman's rank
correlation cocfficiant was then roponted on the 172 Javelin piloto
by themaelvos; the Uability to "thue perception distoctions’

o 73

i the 'snceitia eriticizms®

&

geores still positively coveslate wi



scores (rg = +0.60; P=0.08), giving added weight to the
original observations on all the pilots. No other differences
were revealed.

Comment Both Dearnaley (1988) and Gedye (1980) have
reported that digtortion in time porception is not
uncommon in alrcvew flying at low altitude over a fixed route
in a hot climate. This interview study has coniivmed that
airerew in general are aware of alteration in apparent duration
while flying and that the distortion may jeopardise their flight
safety. Digtortion seems to be dependent on the effort required
for the type of flylng and the amount of lrrelevant distraciion
such flying provided.

It appears that the pilots whom the judges considerad expressed
mosgt severe criticisms were algo thoge considered most liable
t0o distortion in time perception. 4s a high 'specific criticisma’
seore may veflect a critical attlinde, sither due to particulay
personalily characterigtics or due to features in the enviroament
that demanded criticism, this relationship confirms that aititude
towards the content of Intervalg ig important in assessing
apparent duration. I may well ba that the difference between
the Hunter pilots and the others was dve to the particular type

of flying in which they were engaged; but the confirmation of
the relationship between liability to {ime perception distortion
and "specific criticisme' in the Javelin pllots alone suggests that
it may be due 2iso to the individual personality of each pilot
determining the expression of his views.



B. INVESTIGATION BY QUESTIONNAIRE

The previous interview study revealed that pilots are aware of
tactors that influence their proficiency at the flying task, many
of which are divorced i{rom the more tangible or acknowledged

features.

A questionnairve study was undertaken to verify in a quaniitative
way some of the avscdotal evidence previously ascertained,

and this account records the vesults obtained in relation to time
pereeption,

Method The questionnaire containing 268 items was entitled
fPilot Brror and Digovrientation -~ 2a

Questionnaire for Fighter ¥ilots on some of

the Human Factors In Flying'. In addition to questions

on time percepiion, it coverad the following topics, the results

of which are not presented in this thegic -

(i) Pergonal data; age; flying hours

(i1) Spatial disorientation

(i11) Flying periormance; accidenis; wistakes

(iv) Awaveness of physiological processes

(v) Attitudes towards flying, family and the Air Force

The questionnaire was distributed to 132 fighter pilots; 90 were
completed within the subsequent 8ix weeks and were suitable

for analysis.
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1. The guestion was agked: "Have you e disbelieved
your watch when flying, afierwards realiging that it

Iad, in faet, been correct?™

Twenty-nine per cent. replied in the afiirmative,

o
A
a

A quesiion was asked to determine what proportion of
their reliance the pilois placed on the {ucl contents
gauge in contrast to their waich in asszessing the
approprinte duration of a soriie. They were asked to
divide anpropriately a 100 oum, line to indicaie this,
The exzact way to angwer this type of guestion by
apportioning quantity had been explained carefully in

the introduciion to the gquestionnaive.

The marks were measured {o reveal the proportion of reliance
that the pilots placed on thelyr waich and fusl contenis gauge; the

distribution of the percentage scorves is givea in Table IV,

lid

Haxmmina