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SUMMARY

While the knowledge of helicopter dynamics, structures and systems has increased
and led 1o a steady improvement in the performance of helicopters, our uwnmder-
standing of the man in the system is still somewhat limited.

With the older, slower, less complex helicopters, the crew have usually been able
to cope with their tasks, even if at some cost to themselves. The stage has now
been reached where the pilot and crew are being required to perform more and more
difficult tasks with increasingly complex equipment. Only if this equipment is
carefully matched to the man's requirements and his tasgke are designed to be within
his capacity, will the future helicopter systems reach their full potential.

By investigating human factors problem areas now, they can be identified and
prevented from being repeated in future helicopters. Some ways in which the
present shoricomings can be highlighted are by Cine filming, "Eyemark'! and voice
recording of helicopter crew during typical operational conditions. ZExisting
hardware shortcomings can also be determined by conducting structured interviews
and using other subjective methods with the operators of current equipment.
Questiommaires submitted to operators have proved to be very effective in
extracting useful data, if performed in a scientific manner,

Frequently there would appear to be little communication between manufacturer and
cugtomer once the hardware is in uge. The operator's complaints will become
meaningful if the designer and manufacturer are shown how their products are

actually used. It will then enable action to be taken to prevent present shortcomangs
from being perpetuated in future helicopters.

TTRODUCTION

Once a helicopter is in production there seems to be little feedback of its human
factors shortcomings - or its benefits - to the airframe or equipment manufacturers.
This is due to inadeguate communications channels, apathy and the very adaptiveness
of man, in that he can uswally find a way round a problem. In the past this has
usually been acceptable, but the situation is now being reached where the man is at
the limit of his capacity. Both the man's and the machine's capabilities need to
be optimiged and integrated with one another. Before this can be done it must be
found out how man copés with the present situation and what are the current
inadequacies. 4 number of techniques are available to help this to be done,
ranging from activity recording on film or tape, physiological measurements and
subjective evaluation during in flight operations to simulation and synthesised
time analysis.

CREY ACTIVITY RECORDING

To gain an impression of helicopter crew activity and crew problem areas, it can
be ugeful just to fly with the crew on an operational sortie and to obsexve events,
However, this has the disadvantage that the observer can record only subjective
impressions of what he is looking at, or listening to, at that particular moment.
It gives a somewhat biased gualitative measure but yields no guantitative
information.



One method by which these shortcomings can be overcome is that of cine filming.
For a number of years1*2, cine film records of helicopter pilot activity have been
taken and analysed for several different types of UK service helicopter.

These films provide a permanent record of pilot or cockpit activity. By careful
analysis, crew head and hand movement records can he compiled which yield
quantitative data and activity patterns for different flight conditions. ¥Figure 1
shows the observer with the hand held fish eye lens camera filming a Gazelle pilot.
Figure 2 is a "still" taken from a frame of the cine film record.

Since much of the information required by the pilot is obtained visuwally, it can be
argued that study of eye movements or scanning pattermns may indicate the difficulty
of the task hteing performed at the time. FExperience has shown this to be true, and
Figures 3 and 4 show typical pilot's head activity pattemns for Cruise, Low Level
and'7-~ of the Barth" (WOE) flight.

These figures clearly demonstrate how activity patterns change as flight condition
related task difficulty increases. During the relatively undemanding cruise
condition at 700 feet above ground level (agl), Gazelle Pilot B tended to spend
long glances of several seconds out Tto the front with shorter ones, of a second or
so duration, to the left, right or inside the cockpit. In this phase of the flight,
the average length of glance was found to be 3.3 seconds. During low level flight,
where the same Gazelle pilot flew lower at about 100 feet agl (but remained well
clear of ground obstructions) the flying task was still relatively undemanding and a
very similar scanning pattern was produced. Surprisingly, Pilot A flying a much
larger Wessex alsc produced an almost identical scanning patitern for low level flight
ag Gazelle Pilot B, Pilot A had an average scan time of 2.9 seconds.

Figure 4 shows typical NOE head activity patterms from one Sioux and two Scout Pilots.
NOE flying is far more demanding, requiring the pilot to fly as low and as fast as
poseible, flying between obstacles rather than over them. These activity

pattermns are very similar, despite the different pilots and different helicopter
types. However, these patierns are quite different to those for low level or
cruising flight. The NOE pattems are typified by frequent short glancee outside

and inside the cockpit, averaging 1.6 seconds.

Other typical pattermns (but different to the Cruise or NOE patterns shown here) have
been found for other phases of flight such as operations in and out of wooded
clearings and restricted areas’,

Table 1 summarises the % times spent looking ingide and outside different
helicopter types by RAF, RN and Army pilots for various flight conditions, all of
which have been recorded on cine film.



TABLE 1 Percentage head activity times for 8 pilots in 6 types of aircraft for
different flight tasks or conditions, derived from cine film analysis.

Task/Pilot Left | Radio | Map Inst | Front | Right | Total Out
CRUISE
Vessex Pilot A 10 0 0 13,6 | 59.7 16.7 86.4
Gazelle Pilot B 17.5 2.0 1.6 5.2 | 57.7 16.0 91.2
Scout Pilot G 32.8 0 0 18.4 | 44.4 4.4 81.6
Scout Pilot B 13.8 10.4 7.2 | 18.4 | 37.7 12,5 64.0
LOW LEVEL |
Wessex Pilot A 15.6 0 0 5.5 | 72.7 6.2 94.5
Gazelle Pilot B 5.% 0 0 3.9 [ 76.2 4.6 96.1
JAP of the FARTH ; i
Scout Pilot G 9.1 9.0 1 6.6 5.5, 558 | 14.0 | 78.9
Scout Pilot D 20.7 0 9.6 5.7 | 51.6 12.4 84.7
Scout Pilot T 171 4.6 7.8 5.4 | 51.9 13,2 82.2
Scout Pilot B 9.3 11.1 | 10.8 4.6 | 51.2 13,0 1%.5
Sioux Pilot E 3.8 0.5 5.7 8.5 | 51.9 29.6 85.3%
Beaver Pilot H (F/W) 12,5 0 10.3 6.9 | 57.0 13,3 82.8
HOVER in CLEARTIG |
Scout Pilot G 36.1 0 0 6.1 | 43.7 14.1 93.9
Puma Pilot A 3.9 0 0 5.8 || 76.6 13.7 94.2
YViessex Pilot A 5.6 0 0 0 26.9 67.5 100.0

It can be seen from the table that a considerable amount of time is spent by
most pilots looking inside the cockpit. For example, at IT0Z height it was
expected that a pilot would spend virtually all of his time looking outside

the cockpit to detect and avoid trees, wires and other potential hazards. The
figures above indicate that Army helicopter pilots spend about a fifth of their
time looking inside the cockpit during WOE flight. The reasons for this are

that the pilot flying WOE is constantly scamning hig instruments to check

engine performance etc to detect engine and system changes which might be the
precursor of failures. If the pilot has no erew to help him, he may be map
reading and changing radic frequency. At very low level the view ahead may be
only a few hmdred meitres or less. This requires repeated checking of the map
with the identifiable ground features in view. During cruise at several hundred
feet agl, the pilot's view is for kilometres rather than metres and he can
identify his position on the map relatively quickly. Similarly, at low level the
radio may be masked by ground features and this will require additional tuning or
frequency changing. This will result in more time being spent looking inside the
cockpit than would be so at higher altitudes.

Thus, cine filming of pilot's activity pattems can provide some useful general
objective data and can highlight areas where improvements are required toc improve
the operator equipment interface. However, it is a relatively inaccurate method
of investigeting pilot scamning patterns. _A more precise method is that of the
kye point of regard or "Eyemark" camera.”’- This method uses a corneal reflection
teclmique. The image of a small light source, mounted on the head close to the



pilot's eye, is reflected from the cornea onto a2 half gilverdd mirror positioned
in front of the eye. The movement of the reflected image is recorded via a lens
system by a TV camera onte a video tape recorder. The forward view in frout of the
pilot's head is also recorded on the same optical system. Thug a picture of the
seane in front of the head is obtained on which is superimposed the image of the
lighty source showing the point of regard of the pilot. Subsequent analysis of the
video tape enables the calculation to be made of the precise amount and number of
times that the pilot looks at particular insitruments, or exactly where outside he
is looking during flight.

The more detailed "Eyemark" activity chart obtained for a Gazelle pilot during low
level and e¢limbing flight is shown in Figure 5. Glances of less than a tenth of a
second have been recorded for helicopter pilots during peaks of high level
activity by this technigue. The "Eyemark" camera has revealed similar but more
detailed and gensitive wvisual activity patterns than has the simpler cine filming
method. However the "Eyemark™ is a much more costly and difficult technigue to
use and gives no indication of pilot manwal activity in the cockpit, as does the
cine film.

Visual activity recordings can be supplemented by tape recordings of the intexrcom,
during flight. Thegse not only aid in the analysis of the visual record, but can
also give an indication of pilot and crew workload. Voice recordings can directly
inform the observer of the task difficulty by their content, or in certain situations,
by their quantity and frequency of occurrence. For example if the pilot is
constantly having to use his radio or intercom, it is an indication that his flying
. task still allows some spare mental capacity to take on verbal tasks. Tf these
secondary tasks are then interrupted and the nilot temporarily ceases speaking, it
is likely that the primary task of flying has increased in difficulty and the
secondary verbal task has had to be dropped. This method of detecting a high
workload in a flight situation was the starting point of an investigation of a non
intrusive method for detecting pilot stress. It relies upon changes in the speech
spectrum to indicate mental stress of piLogs and Air Traffic controllers and is
currently under development at Farnborough®:

Thus, some indication of the problems of existing helicopters and their systems can
be obtained by recording overt crew activity and can give some measure of workload.
This does not, however, give the complete answer and subjective evaluations can often
provide complementary data. Questionnaires, subjective ratings and structured
interviews are some of the methods by which this additional information can be
acquired.

QUESTIONNAIRES AWD INTERVIEWS

Correctly designed questionnaires, if used sensibly, can yield information which
would be difficult, if not impossible, to obtain by other methods. As mentioned
above, once a helicopter or its equipment has been designed, manufactured and
delivered to the operator, there often is little feedback of information to indicate
either its faults or merits. A carefully designed and administered questionnaire
can gometimes provide this feedback link, to the ultimate benefit of both user,
manufacturer and R&D authorlty8

As stated by Howells9, equipment designers tend to consider the use of such
subjective methode as interviewing or questionnaire techniques only as a last
resort when it has not been found possible to measure or quantify the performance

of the eguipment. In terms of the normal academic and professional training of
designers this is understandable so that if the designer has to resort to using some
form of subjective assessment, the results are often disappointing to all concexrned.



Perhaps unkmown to many designers of aircraft systems, persons engaged in certain
fields of research and areas of study, such as clinical psychologists and even
market researchers, often possess no other tool other than some form of systematic
subjective assessment. In the hands of such practitioners, it is often a far more
systematic and precise tool than when used by an equipment designer who lacks an
appreciation of the various rating scales, checklist techniques etec available.

In the field of aerospace R&D, it is usually possible to find a specialist with
experience in the 8se of such methods and it is advisable to seek such professional
help-if available Y,

For a questiomnaire to stand any chance of success a number of stages must be
followed. Usually an initial study must take place, with visits to part of the
population who will recelve the final questiomnaire. These visits will help to
ensure that the correct guestions are asked in 2 form which is readily under—
standable by the population concerned. All too often human factors engineers ask
questions in their own jargon which are either ambiguous or misunderstocd (or both)
by the recipient. On the other hand, if questions can be phrased in the recipient's
terminology it shows that the latter is not dealing with someone completely out of
touch with reality but with someone who has made some effort in trying to understand
the user's problems and who is open to suggestions. At this stage in the design of
the questionnaire, the means of analysis should be considered. All too often the
questionnaire analyst is confronted with a mass of almost unclassifiable and
meaningless data which carmot be correlated with other data. The correctly designed
questionnaire will yield data that can be quickly and simply extracted and, if
necessary, processed by computer and correlated with other data. This can be
acconplished by the use of forced choice questions constructed around a decision
tree.

The following A&AEE Scale ig an example of a decision tree based on the Cooper-
Harper rating scale. It was used by Howells!! to evaluate noise and vibration
levels in Sea King helicopters.



Txample 1
A&AER {0-10) SCALE FOR SUBJECTIVE PROBLEM ASSESSMEIT

RATETG
SCALE
o problem Lo O
Hot apparent to experienced air- 1
erew fully occupied by their
tasks, but noticeable if their @ 2
attention is directed to it or
not otherwise occupied. 3
ibration Bxperienced aircrew are aware of 4
or noise the problem but it does not '
Situation Y—==1 intrude so that their work is -5
to be affected, at least over a short
Rated period. 6
The problem is immediately 7
y| apparent to experienced aircrew
.even when fully occupied. @
. R G 8
Performance of primary tagk is
affected, or tasks can only be
done with difficulty. 2
Sole preoccupation of aircrew is o Thntolerable —w=40
to reduce the problem.

The ratings from different crew members in several different helicopters were
compared with objective measurements of noise and vibration for the purpose of
determining those aspects of the cabin environment that degrade comfort and
performance .the most.

An example of a forced choice question which was used in a helicopter seat
evaluation is shown below:

Txample 2

Please rank the following factors in terms of how you assess they would improve
overational comfort:

(Accepted that present primary controls cannot be alteresd)
Adjustable rake

Better seat covering material

Foldable arm rests

Improved veritical seat adjustments
Improved F/A seat adjustments
Lumbar support

Seat pan contouring .

Thigh support

Vibration isolation

Other

e e e
| L NP PN L N AL



This type of question forces the user to respond with a finite, but likely

ilist of alternative replies. The questioner is then able to group the data into
meaningful separate categories for analysis or final correlation with other data.
{There is little point in collecting a mass of data from a questionmaire if it
cannot be broken down, analysed and used in & meaningful way). Even if the
questionnaire has been designed to ask the correct questions in the right way,
such that the responses can be readily analysed, it will not achieve its potentisl
if it is poorly administered.

4 guestionnaire needs to be distributed personally with an explanation of its purpose.
Another problem often encountered is that the equipment user has been complaining
for years about i1ts shortcomings but nothing has been done to improve it. If a
questionnaire arrives without explanation, the user may doubt if it is worth
bothering to complete it as nothing has happened in the past. If the questioner
is available to explain that the user's cobjections to the egquipment have not
reached him, and that this is an attempt to remedy the situation, his chance of
recelving completed questionnaire will be very much improved. The distributor
should be avallable to help anyone who still has difficulty in understanding any
of the guestions. Similarly there should be scmeone detailed to collect the
questionnaires when completed ané to return them to the originator.

Frequently there are complaints that a very low proportion of completed
questionnaires have been returned. This is usually cdue to some or all of the
following reasons as follows

1 Questionnaires were sent to a Unit by post for distribution without
any personal contact by the originator.

2 No explanation was given of the purpose of the gquestionnaire.

3 The questionnaire was ambiguous or poorly designed.

Ly There was no one to collect the completed forms.

5 The Unit has already received a number of poorly designed questlionnaires

recently and is getting bored at completing them.

Ideally questionnaires should be designed and administered in such a way that they
meet the following criteria.

Questionnaires:
a. Should provide feedback of equipment faults and merits.
b. Purpose must be explained to the recipient.
c. Should ask questions that can be understood by the recipient.

d. Should be designed to yield useful and correlateable data.
e, Should use forced cholce guestions whenever possible.
high Should be collected when completed.

If the above criteria are observed then questionnaires can provide the equipment
designer with information which is invaluable and often unobtainable by other means.



Tiren with & well-produced and administered questionnaire, difficuliy is sometimes
~eomtered with, for exemple, pilots who are quite willing to discuss euuipnent,
>w2 but weasy at writing comments down on paper. For this situation the struc-
tired interview might offer the best approach. The same procedure should be
Talloved as is reguired for a questionnaire except that the subjective responsges
are recorded by the questioner rather than by the subject., This technigue has
bean ugsed successfully on several occcasions by Howells9!11, The procedure used
wag Tor the heliconter pilots to read through sequentially structured general
suestions which led to forced choice brenching gquestions. Having done this and
raristered the preferred choice category the pilots went on to explain verbally the
fdatailed reasons for so choosing. The verbal responge was then noted down by the
quesgtioner or discussed in greater detail for clarification. Sometimes, if no
ohiection wae raised, the dialogue between pilot and questioner was recorded on
tape for later analysis.

This technigue of 2 structured interview was devebped initially for a irial o
supplement radar plots of a helicopter's vosition during an evaluation of =
helicopter guidance approach aid. It was found %o be acceptable to the test pilols
concermed and ylelded information of both sufficient generdlity and detail for use
by the equipment designers. The latter were able to assess more fully the systen
performance than they had previously, by reference to radar records zlone.

Since this use of the structured interview, it has been usefully employed in the
svaluation of helicopter seating and helicopter workload studies. It would be
equally applicable for assessing slectro-optical aids and other eouipment for
nelicopter use.

In general, if performed in & -ensidble manner, subjeciive tecimiqgues using
questionnzires or interviews can yield much information which iz unobtainable by
other objective measurement techniques. It can also give the designer insight
into why objective data result in the way they do. HMore important, subjective
informetion provides the feedback link hetween the equipment operator snd the
designer, manufacturer and R&D authority.

COCLUSIGITS

There is no simple or unique way in vhich a helicopter or its systems can be
designmed t5 have acceptable human factors aspects with the crew as an infegral
part of the overall helicopter system. Some of the major pitfalls may, however,
bz avoided if note is taken of present helicopter shortcomings (and advantages).
Often these go wnoticed by all but the operators. If current helicopters ars
systematically studied there is a good chance that the manufacturer can be made
aware 0f the shortcomings so that they ave not repeated in future designs. This
can be accomplished by methodical evaluation using crew activity recording tech~
niques and by the use of carefully prepared and administered subjective
investigations.

Tatil recently, investigators have tended to be polarised towards either
gubjective evaluation using questionnaires or objective measures. Rarely have
both objective and subjective measures been used simultaneously. Only by using
various subjective and objective measures together will the full picture of the
helicopter user and his requirements be built up and better future designs be
ensured.

Conyright (EZ) Controller HMS0O, London, 1979.
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FIG 1 Gazelle Pilot B being filmed by observer with hand-held fish eye
lens cine camera.

ITG 2 PFrame from fish eye camera film showing Pilot flying
NOE and operaiing badly positioned radio.
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