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Landing Task and Pilot Acceptance of Displays

R. A. BEHAN* AND F. A. SiciLiANif
Serendipity Associates, Chatsworth, Calif.

The results of an analytical study of the landing task and an empirical study of pilot prefer-
ences of displays for landing in reduced weather minima suggest the following criteria for dis-
play evaluation. The information content of the display should allow one to initiate the final
approach; to achieve departure and to know of departure from the glide angle; to maintain
angle of attack, sink rate, roll attitude, and course; to determine crab angle, when to initiate
flare, and heading during rollout. The presentation should be a compensatory display, a simple
pictorial indication of the landing situation, and should be on the wind-screen. The display
should provide redundant but independent information, require a minimum of user-supplied
information, utilize a maximum of gain, provide for removal of a malfunctioning element,
and be useful in other phases of landing. Alignment and other adjustments prior to use
should be simple to accomplish and should be followed by a simple, foolproof checkout pro-
cedure.

The Landing Task

THE problem was to develop criteria for the evaluation of
displays for landing in reduced weather minima. For

visual flight rule (VFR) conditions, this task includes selection
of the point at which to begin the final approach; flying the
final-approach leg toward a selected aiming point, avoiding
over- or undershooting; initiation of flare; and guiding the
aircraft through touchdown and rollout. For instrument
flight rule (IFR) conditions, exactly the same things must be
accomplished. However, the cues for initiating the various
phases of the landing and the procedures for conducting each
phase are based on other information inputs.

The problem was attacked in two phases. The first was an
analysis of the task which the pilot must perform under VFR
conditions to determine the nature of the task and informa-
tion required for performing the task. The second was to
make a study of pilot preferences for displays for information
presentation.

VFR Landing Operation

The landing operation can be described in two ways: what
the aircraft does and how the pilot accomplishes this task.
We will start with the former. For purposes of the present
discussion, we will assume VFR conditions in the daytime,
a straight-in approach with no adverse winds.

A typical landing profile consists of the following four
phases:

1) Letdown: The pilot initiates letdown after reaching
some predetermined point on cruise. The purpose of the let-
down is to descend from cruise altitude to an appropriate
approach altitude.

2) Initial approach: After the approach altitude is
achieved, the aircraft is in the initial approach. During initial
approach the aircraft is slowed and the pilot will make such
banking turns as are necessary to line up with the runway
centerline. The initial approach ends when the aircraft
reaches the point at which the final approach must begin.

3) Final approach: The final approach brings the air-
craft down toward the intended touchdown point of the run-
way at an angle dictated by the flight dynamics of the air-
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craft and by ground-based landing aids. The final approach
ends with the aircraft approaching runway threshold, lined
up with the centerline at an appropriate altitude to initiate
flare.

4) Flare, touchdown, and roll-out: The purpose of the
flare maneuver is to slow the rate of descent of the aircraft, to
reduce the forward speed of the aircraft, and to change the
attitude of the aircraft so that it can be landed. Impact on
the runway is called touchdown. Theoretically, the airplane
ceases to fly at the moment of touchdown. However, after
touchdown comes roll-out, during which the aircraft is slowed
to a speed suitable for ground maneuvers.

For discussion of the piloting task, we will devote our at-
tention to the final approach and subsequent phases of the
landing maneuver.

There are four prerequisites for the final approach: 1)
appropriate angle of attack and throttle setting, 2) appropri-
ate altitude, 3) straight and level flight, and 4) line-up with
runway centerline. Given these four conditions, the initial
task of the pilot is to select the point at which to begin the
descent toward the runway aiming point. Once he has be-
gun this descent, the pilot must adjust the rate of descent
until it is appropriate for the given situation. Finally, he
must maintain the rate of descent until he reaches the point
at which to initiate flare.

The foregoing description suggests that there are three
kinds of distance judgments which the pilot faces. The first
of these is the distance from runway threshold at which to
initiate the final approach. The second is the basis for the
question, "Am I going to make it to the runway?'7 The third
distance judgment is determining the distance above the run-
way for initiation of the flare maneuver. Given the preceding,
we may ask what cues the pilot has to aid him in making
these distance judgments.

There are three cues which the pilot may use to decide when
to initiate the final approach. The first cue is the angular
distance from the horizon to the intended touchdown point on
the runway.1-2 This distance will remain constant as long as
the glide slope remains constant. There are two problems:
one is to determine the impact point of the aircraft and to
bring this into coincidence with the runway threshold; the
second is to maintain the coincidence of these two points.

The second cue is relative size: the more distant a known ob-
ject, the smaller it seems.3 Since the size of the runway is
known approximately, the reduced apparent size is interpreted
as distance. The problem is to learn the appropriate apparent
size which signals the point at which to initiate the final ap-
proach. The third cue is aerial perspective, which involves
the change in color of distant objects coupled with the loss of
sharp outline and detail.3
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In judging whether he can make it to the runway, the pilot
has four cues.

Angular distance between the horizon and the intended
touchdown point: The horizon, because of its apparent
placement at infinity, seems to be always the same dis-
tance away.1-2 The perceived angular distance between
the intended point and the horizon will remain constant as
long as the glide angle remains constant. If this angular dis-
tance between the intended point and the horizon appears to
increase, the aircraft will overshoot. Conversely, if this
angular distance between the intended point and the horizon
appears to decrease, the aircraft will undershoot. As the air-
craft comes closer to the runway, this judgment is enhanced
by the behavior of objects in the visual field.2 As an example,
if one were landing over trees and the trees seemed to move up
toward the runway threshold, the aircraft would not clear the
trees.

Motion perspective: The relative apparent motion of ob-
jects as the observer moves, e.g., the apparent movement of
hangers and other buildings toward the observer as the air-
craft approaches the runway.3

Runway perspective: This cue depends on the apparent
shape or perspective of the runway.1.2 The pilot must learn
the shape of the runway, which indicates an appropriate ap-
proach path. Then on a given approach, if the runway
shape appeared long and narrow, the pilot would know that
the aircraft would overshoot the runway.

Stationary aiming point: The point at which the aircraft is
actually aiming is said to be perceived as stationary. Points
above the aiming point will appear to move away from the
aircraft. Points below the aiming point will appear to move
toward and under the aircraft.

The pilot uses these cues, in conjunction with the perceived
rate of sink, to project the impact point of the aircraft with
respect to the intended touchdown point. The difference be-
tween the.intended point and the projected impact point is an
indication of the error in the aircraft approach path. The
pilot attempts to fly in the approach path so that the intended
point and the impact point coincide; he attempts to null the
approach error. It is thus seen that the information avail-
able to the pilot during the final approach is used very much
as the information in a compensatory display,4 which presents
an indication of the error in the tracking output. This analy-
sis suggests that it might be helpful to construe the VFR
landing display as compensatory. The basic compensatory
characteristic will be abstracted in order to be used as a
heuristic device.

To determine the point at which to initiate the flare move-
ment, the pilot must consider the aircraft's height above the
runway. This is a problem in visual judgment of distance
which is aided by three cues.

Head movement parallax or motion parallax: This cue is
based on the different views of the runway which one obtains
when one scans back and forth ahead of the speed blur.3
The scanning helps provide more and different data for the
judgment through the cue of head-movement parallax (mo-
tion parallax).

Motion-perspective: the gradient in motion in a direction
as the aircraft approaches the runway.3 As the aircraft ap-
proaches the runway, objects seem to pass beneath it at
greater and greater speeds but begin to blur if the aircraft
lands very fast. This cue may be most useful for pilots
operating slower landing aircraft.

Density gradient in the texture of the runway and its sur-
roundings3: As the aircraft comes closer to the ground, the
gradient becomes much steeper. The increase in density
generally runs upward in the visual field. Additional cues
which assist the pilot in judging the appropriate distance
from the runway for flare are the sizes of familiar objects and
the clarity of their detail.

The preceding discussion has assumed that the aircraft is
landing in a calm wind. Although this may be the case early

in the morning, most aircraft landings are made in some de-
gree of crosswind. The aircraft in flight is a part of the air
mass and does not fly through the air but in the air. The
pilot of an aircraft crabs into the wind to maintain a desired
course. Thus the heading of the aircraft may not be identi-
cal with the course the aircraft flies.

Information Requirements for Landing

From the foregoing discussion it may be inferred that the
pilot needs information to assist his initiation of the final
approach, to achieve and maintain the appropriate glide
angle, to warn him of over- or undershooting the aiming point,
to maintain the appropriate angle of attack, to maintain the
appropriate sink rate, to maintain the appropriate roll atti-
tude, to maintain an appropriate course, to indicate to him
the crab angle required to maintain course, to assist his initia-
tion of the flare maneuver, and to maintain aircraft heading
during roll-out.

Nature of the Landing Task

From the preceding analysis, flying the final approach may
be construed as a task in which the pilot is tracking a ramp
input with the aid of a compensatory-type display. The ap-
proach path which the pilot wishes to fly is the ramp. The
tracking task is complicated by the fact that the pilot must
control the aircraft in three dimensions, and he must infer
the error in the present position from a projection of the fu-
ture position of the aircraft. The latter consideration has
implications for understanding the period of transition from
instrument to contact flying.

Laboratory studies of compensatory tracking tasks provide
the following generalizations: 1) Performance of a com-
pensatory tracking task is aided by including the first and
second derivatives of the error (rate and acceleration of error,
respectively) in the input to the display.5 2) When the con-
trol is unaided in relation to the display, compensatory
tracking is superior to pursuit tracking with a simple input.6
3) With a shallow ramp input, as in the present case, there is a
tendency for the operator to lead the input,4 i.e., in the present
case, to overshoot. 4) A compensatory indicator can give a
more precise picture of the situation through the utilization of
high display gain.7 5) When the desired output is time-
invarient, as is the present case, the compensatory tracking
task is equally as efficient as the pursuit tracking task.4-6

In view of the present analysis of flying the final approach
as a tracking task utilizing a compensatory display, considera-
tions of the possibility of negative transfer of training lead to
the conclusion that whatever instrumentation is developed
should present a compensatory-type display. Transfer of
training refers to the effects of the performance of one task on
the performance of another and may be negative or positive.
If the performance of one task inhibits the performance of
another, the transfer is negative. If the performance of one
task facilitates the performance of another, the transfer is
positive. In the given situation, it is desirable that the trans-
fer of training from the VFR to the IFR landings be positive.
Thus, it is desirable to make the landing task under IFR con-
ditions as much like the landing task under VFR conditions
as is possible.

IFR Landing Operation

The preceding discussion assumed VFR flight conditions.
The same maneuvers must be accomplished for an IFR
landing, which differs from the VFR in the information avail-
able to the pilot to accomplish the maneuvers. The letdown
and the initial approach are the same as for VFR, with the
exception that the initial approach may be accomplished with
the assistance of radar guidance. However, under IFR,
conditions the pilot may rely on other sources of informa-
tion for: initiation of the final approach, accomplishment of
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Table 1 Information presented on the situation displays0

Spect. Collins Type A G.E.

Airspeed
Altitude
Horizon
Range
Closure rate
Flight director
Aircraft symbol
Runway
Basic indication
Localizer
Glide slope
Pitch attitude

Y
Y
Y
Y
Y
Y
Y

Y

Y

Y
Y

Y
Y
Y
Y

Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y

Y

Y

Y
Y
Y
Y

Y
Y
Y

Table 3 Preferences for airspeed, altitude, and sink rate
indicators

Instrument preference

a"Y" denotes yes, the display does present the information. A blank
space denotes that the display does not present the information.

the final approach, initiation of the flare maneuver, and
completion of the touchdown and roll out. Thus it is seen
that the task of the pilot does not change during the IFR
landing, apart from the demands made on him by instru-
mentation and by the IFR approach pattern peculiar to the
airport where he plans to land.

Acceptance Study

The purpose of the acceptance study was to determine pilot
preference for the display of information for landing in re-
duced visibility. The two types of information display con-
sidered were situation displays which present an integrated
complex of information and displays of individual items of
information, e.g., sink rate.

Method

The method used was the technique of paired comparisons.
Pictures of representative displays were arranged in pairs by
display type. The subjects were presented with each pair
of display pictures and asked to express a preference for one
of the pair. After he stated his preference, the subject was
asked the reason for his preference.

Subjects

The subjects were 30 American Airlines line pilots, each of
whom were interviewed separately. The average age of the
pilots was 46 years. They had been flying for an average of
26 years and had an average of 17,520 hours in the air.
Twenty-nine were qualified in jet aircraft; the average num-
ber of hours in jets was 2490.

Displays

Four situation displays were chosen: the Collins 329B-7A
flight director display, the Spectocom windscreen display,
the type A windscreen display of Baxter and Workman,8 and
the General Electric CRT display. The Collins display was
chosen to represent the conventional panel-mounted situation
display9 and is a standard "fly-to" director display which, as
was estimated correctly, would be unfamiliar to the pilots in

Table 2 Preferences for situation displays

Instrument type

A. Spectocom
B. Collins
C. Type A
D. General Electric
No Preference

First
pref-

erence

7
4

11
7
1

Times chosen in
preference to

A

11
16
12

B

19

18
18

C
12
9

10

D

10
16
18

Information

Airspeed
Altitude
Sink rate

First

Conventional (16)
Yellow line (18)
Conventional
Fine graduations (13)

Second

Vertical tape (9)
Vertical tape (7)
Conventional
Gross graduations (10)

the study. The Spectocom windscreen display was chosen
as one of two windscreen displays because it was rated so low
by Baxter and Workman.8 The type A windscreen display
was chosen because it was a synthesis of the best characteris-
tics of several displays.8 The General Electric cathode ray
tube display was chosen to represent the CRT type. The
information shown on the situation displays is presented in
Table 1.

The following individual information displays were selected.
1) Three altimers: a conventional dial with three pointers,
one with the 10,000-foot pointer modified as a moving yellow
line index, and third a vertical moving tape with a fixed index.
2) Three airspeed indicators: a conventional dial, a digital
readout, and a vertical moving tape with a fixed index. 3)
Three vertical-rate-of-climb indicators: a conventional in-
dicator with fine graduations, a conventional indicator with
minimum graduation, and a vertical tape with a moving index.

Results

The display preference for each pilot was determined for
each display type by the instrument he chose. In cases
where the pilot had "no preference," the choices were analyzed
for consistency and a preference was assigned logically. The
appendix contains all charts on preferences as well as pilots7

reasons for choices.
The preferences among the four situation displays are pre-

sented in Table 2. Although the type A display was pre-
ferred by most pilots, the proportion of pilots favoring it was
not large enough for significance at the 0.05 level of con-
fidence. However, comparing the two windshield displays,
Spectocom and Type A, with the other two, we find that a
windshield type was picked significantly more frequently
than the other types. X2 = 11.16, significant beyond the 1%
level of confidence.

The Spectocom display was the only one that did not
present the situation of the aircraft in relation to the glide
slope. The other three displays were picked significantly
more often than the Spectocom, which only has a command
"fly-to" director. X2 = 7.76, significant beyond the 1% level
of confidence.

Another difference among these displays was the presenta-
tion of airspeed information. Displays presenting airspeed
(Spectocom, Type A, General Electric) were picked signifi-

Table 4 Pilot preference for situation displays

Reason for preference Frequency

1st choice: Type A
Windshield
Better pictorially
Simpler; less interpolation
Runway

2nd Choice: Spectocom
Simplicity making it easy to read
Windshield

3rd Choice: General Electric
"Real" pictorial presentation
Simplicity/easy to grasp

4th Choice: Collins
Familiar: less transition
Simpler: more understandable

15
11
5
4

15
11

20
5

13
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Table 5 Pilot preference for airspeed presentations

Reason for preference Frequency

1st Choice: Conventional clock-type
Familiarity (experience) 12
Read angle of pointer 11
Can see trend 8
Easier and quicker to read 4.
Relationship to other number: Range 4

2nd Choice: Vertical tape
Can see trend 5
Easier and quicker reading 4

3rd Choice: Digital readout
Simple, precise 4

Table 7 Pilot preference for vertical-speed presentations

Reason tor preference

1st Choice: Graduated standard
clock-type

Less interpretation/markings ,
Familiarity

2nd Choice: Conventional clock-
type

Simple-no clutter: no need for
more markings

Familiarity
Easy to read

Frequency

13
9

13
7
5

cantly more than those which did not present airspeed
(Collins). X2 = 15.21, significant beyond the 1% level of
confidence.

Comparison of the displays as regards altitude information,
Spectocom and the type A vs the Collins and the G. E., re-
sulted in a value of X2 which was not significant at the 0.05
level of confidence. This result may reflect the fact that it is
the task of the co-pilot to monitor altitude during the final
approach, not the task of the person landing the aircraft.

Table 3 presents the first and second preferences of the
pilots for airspeed, altitude, and sink rate indicators. The
first preference for each display is a dial instrument. Tables
4—10 present reasons for pilot's preferences and preference
scores for airspeed, altitude, and vertical-speed presentations.

Reliability and Validity

The altimeters and the airspeed and sink rate indicators
were chosen to assess the reliability and validity of the re-
sults of the study. The method of assessing validity was to
compare the preferences for certain displays with recommen-
dations for these types of displays in the human-engineering
literature. If the preferences indicated by the pilots coin-
cided with the human-engineering recommendations, and if
the pilot's reasons for their preferences did not contradict
the humani-engineering literature, the results of the study
would be assumed to have been validated.

Assessment of the reliability (internal consistency) of the
results of the study is afforded by the use of the paired com-
parison technique. On the assumption that consistent pref-
erences follow the transitive law, the preference choices
could be used to assess consistency. The transitive law as-
serts: xPy and yPz, then xPz. The transitive law was ap-
plied also to test the results obtained with the four situation
displays.

Consistency of the pilots' responses is attested by the fact
that of 450 choices where inconsistency was possible, only
two inconsistencies occurred. Thus the empirical prob-
ability of an inconsistency obtained in this study is 0.0044.
Furthermore, both of the inconsistencies occurred with respect
to the situation displays where there were six choices (four
situation displays, six pairs). In no case where there were
three choices were inconsistencies found. One may conclude

Table 6 Pilot preference for altitude presentations

Reason for preference Frequency

1st Choice: Modified conventional
clock-type

Easy to read
Less chance for error
An improvement

2nd Choice: Conventional three-
pointer

Familiarity (experience)
Easier to read

3rd Choice: Vertical tape

10
4
4

from the low occurrence of inconsistencies in pilot judgments
that the data collected are reliable. In other words, there is
consistency within pilots.

The validity of the results may be judged by the agree-
ment between pilot choice and human-engineering recom-
mendations.10 The test displays are those for altitude, in-
dicated airspeed, and sink rate. The source of human-
engineering recommendations suggests a moving pointer and
a circular dial as superior to a moving scale or counter for:
qualitative and check reading, setting in information, track-
ing, and general use. In every case, the majority prefer-
ence of the pilots corresponded with the human-engineering
recommendations.

In terms of the reasons given for selection of a particular
instrument, the pilots' reasons do not conform exactly to
those of the human-factors literature. However, there were
no contradictions. The only sins were those of omission. In
view of the preceding, we conclude that the data collected
concerning altitude, airspeed, and sink rate displays are valid.
Further, we infer from this that the data for situation dis-
plays are also valid.

Summary of Results

The results as regards situation displays allow the general-
izations that pilots prefer a display for landing in reduced
visibility which is presented on the windscreen, contains in-
formation about the position of the aircraft with respect to
the glide slope, presents a picture of the landing situation, and
contains information about airspeed.

The results for the individual information displays allow the
generalizations that pilots prefer displays of altitude, air-
speed, and sink rate to be presented as circular scales with
moving pointers in order to facilitate quick checks and so
that they may note trends.

Criteria for Display Evaluation

The following criteria were derived from the analysis of the
landing task, the pilot-opinion study, and the literature on
compensatory displays.

1) Information content: a) to assist initiation of the final
approach, b) to achieve and maintain the appropriate glide
angle, c) to warn of over- or undershooting the aiming point,

Table 8 Preference scores for airspeed presentations

Instrument type

A. Digital readout
B. Conventional clock- type
C. Vertical( moving) tape
No preference

First

erence

4
16a

9
1

Times chosen
in preference

t,n

A

23
16

B

7

11

C
8

18

a Significant at the 0.05 level of confidence X2 = 7.52.



MARCH-APRIL 1967 LANDING TASK AND PILOT ACCEPTANCE OF DISPLAYS 145

Table 9 Preference scores for altitude presentations Table 10 Preference scores for vertical-speed presentations

A.
B.
C.

Instrument type

Vertical moving tape
Yellow-line altimeter
Conventional three-

pointer

First
pref-

erence

7
18°

5

Times chosen
in preference

to

A B

8
20 . . .

20 5

C

10
25

a Significant at the 0.01 level of confidence, X2 = 10.69.

d) to maintain the appropriate angle of attack, e) to maintain
the appropriate sink rate, f) to maintain appropriate roll at-
titude, g) to maintain an appropriate course, h) to indicate the
crab angle required to maintain course, i) to assist initiation
of the flare maneuver, and j) to maintain aircraft heading
during roll-out. 2) Presentation of a compensatory dis-
play. 3) Presentation of a simple, pictorial indication of the
landing situation. 4) Presentation on the windscreen. 5)
Utilization of maximum display gain. 6) Provision for redund-
ant but independent information. 7) Require a minimum of
user-supplied information. 8) Usefulness in phases of the
flight other than landing. 9) Provision for removal from the
display of a malfunctioning element. 10) Alignment, and
other adjustments prior to use, should be simple to accomplish
and should be followed by a simple foolproof checkout pro-
cedure.

Inferential validity, as obtained in the present study,
should always be checked in simulated or actual flight condi-
tions. On the other hand, it should be noted that the paired
comparison design cannot be used under such conditions.
After the present study was completed, the FAA announced
the results of tests which confirm those reported here.11 In
simulated IFR landings, performance with a conventional
panel-mounted Sperry HZ-4 display was compared with per-
formance using the Sperry R-4A windshield display, which is
similar to the Type A.2 At the completion of the tests the six
pilot subjects unanimously favored the windshield display.
In the present study, 25 of 30 pilots (83%) rejected conven-
tional displays, (t = 2.49, p < 0.05). It should be recog-
nized that the FAA-Sperry study was not designed primarily
as a study of pilot preferences but, rather, to collect numeri-
cal data on specific flight performance for which purpose the
design was adequate.

Times chosen
in preference

A.
B.
C.

Instrument type

Conventional clock-type
Modified conventional
Vertical fixed tape

Pref-
erence

10
13
5°

A

18
7

to

B

11

6

C

22
23

a Significant at the 0.01 level of confidence, X2 = 13.71.
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