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Perspective Traffic Display Format and
Airline Pilot Traffic Avoidance
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Field, California and the School of Optometry, University of California, Berkeley, and
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Part-task experiments have examined perspective projections of cockpit displays of traffic
information as a means of presenting aircraft separation information to airline pilots. Ten
airline pilots served as subjects in an experiment comparing the perspective projection with
plan-view projections of the same air traffic situations. The pilots’ task was to monitor the
traffic display in order to decide if an avoidance maneuver was needed. Pilots took more
time to select avoidance maneuvers with a conventional plan-view display than with an
experimental perspective display. In contrast to previous results, if the pilots selected a ma-
neuver with the perspective display, they were more likely to choose one with a vertical
component. Tabulation of the outcomes of their initial avoidance decisions with both per-
spective and plan-view displays showed that they were more likely to achieve required sepa-
ration with maneuvers chosen with the aid of perspective displays.

INTRODUCTION

The search for a natural display format for
a cockpit display of traffic information is as
old as the concept itself. The idea for a
cockpit traffic display probably originated at
the RCA Princeton Electronics Laboratory in
1941, but it was not implemented until after
World War II (Herbst, Wolff, Ewing, and
Jones, 1946). The basic RCA proposal was to
transmit a televised image of the air traffic
controller’s radar display to a receiver in the
cockpit. Terrain and navigation information
was provided by optical overlays on both the
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controller’s display and the pilot’s video dis-
play. Limitations in the existing technology,
however, restricted the flexibility with which
the display could be formatted. The map
format, for example, was north-up rather
than heading-up, and thus would have pre-
sented a disorienting display when the air-
craft was heading south (Baty, Wempe, and
Hulff, 1974; Ellis, Kim, Tyler, McGreevy, and
Stark, 1985; Wickens, 1984).

During the intervening years, various in-
vestigators have examined possible cockpit
traffic displays for use by the airlines for
traffic separation and as a collision-avoid-
ance aid (Boeing Commercial Airplane Com-
pany, 1977; Verstynen, 1980). Display
formats have generally adhered to the plan-
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view format originally used for the RCA
project, though most now use either heading
or track-up formats with a north-up option.

More recently, studies of cockpit traffic
displays conducted at the Ames Research
Center have focused on the display format as
opposed to other considerations such as
system integration questions and operational
procedures. These studies have examined the
effect of display background, display update
rate (Palmer and Ellis, 1983; Palmer, Jago,
Baty, and O’'Connor, 1980), and aircraft sym-
bology (Hart and Loomis, 1980) on pilots’ es-
timates of spatial separation and on their
patterns of avoidance maneuvers (Ellis and
Palmer, 1981; Smith, Ellis, and Lee, 1984).

All of these previous studies concerned
with traffic display format have been con-
ducted with plan-view type displays. In such
displays, the vertical separation is repre-
sented by text displays of aircraft altitude at-
tached to the aircraft symbol. This kind of
displayed text is called a data tag. An alterna-
tive mode of indicating relative altitude is to
change the shape of the aircraft symbols.
This technique is called shape encoding. An
example of shape encoding is the use of a full
hexagonal symbol to represent an aircraft at
the pilot’s own altitude. An upper half of the
hexagon would then be used to represent air-
craft above the pilot's altitude, and the lower
half would represent aircraft below the
pilot’s altitude.

Since none of these previous formats had
provided a convenient representation of the
vertical dimension of separation, we devel-
oped a more natural way of presenting
combined horizontal and vertical traffic sep-
aration to airline pilots. We selected a per-
spective format because its dimensionality
matches the three-dimensional characteris-
tics of traffic separation. We hoped that this
perspective format would match pilots’ visu-
alizations of their situations in three-dimen-
sional space, and that the format would be a

HUMAN FACTORS

significant improvement over previous uses
of perspective projections to show aircraft
separation (e.g., Bird, 1975). We believed that
the more natural characteristics of a perspec-
tive display, compared with plan-view,
would assist in the detection and resolution
of traffic conflicts.

The development of this format was also
experimentally useful because it allowed in-
vestigation of previously observed biases in
pilots’ maneuver patterns. Earlier investiga-
tions in part-mission (Palmer, 1983) and
part-task simulation (Smith et al., 1984) had
shown, for example, that when pilots were
given sufficient time (at least 60 s) they pre-
ferred to use horizontal maneuvers to avoid
intruding aircraft.

In general, the justifications given for the
horizontal maneuvers were procedural. The
pilots often based their selection on the extra
freedom the usual FAA rules give them for
horizontal as compared with vertical ma-
neuvers. For example, justifications for the
turns were often “to keep the other aircraft in
sight” or “to avoid leaving the assigned alti-
tude.” The turns frequently were toward the
intruding traffic.

This turning-towards bias, however, is not
always observed. It has been found, for ex-
ample, to be modulated by other aspects of
the encounter, especially the heading differ-
ence between the aircraft involved (Smith, et
al., 1984). Thus, we suspected that the prefer-
ence for horizontal avoidance maneuvers
might not be due to the procedural justifica-
tion given and also could be modified by the
characteristics of the display and the en-
counter.

Specifically, we thought that the prefer-
ence for horizontal maneuvers was not based
merely on the procedural factors cited by the
pilots, but might actually arise from their
own difficulties in using the supplementary
text written on the plan-view displays—the
data tags—to visualize three-dimensional
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separation. Accordingly, the following exper-
iment was conducted, in which pilots viewed
identical sets of traffic encounters presenting
identical separation information. The infor-
mation was presented on either a plan-view
or a perspective display. If the display format
were influencing the pattern of pilot avoid-
ance maneuvers, pilots using the perspective
display should have selected more ma-
neuvers with vertical components.

Analysis of the factors influencing a pilot’s
decision to initiate an avoidance maneuver
while monitoring traffic on a cockpit traffic
display is particularly important since these
displays may by installed along with auto-
matic collision-avoidance systems. The de-
signers of such systems will need to be fa-
miliar with the avoidance decision logic that
airline pilots have developed from years of
flight experience. Clearly, potential inconsis-
tencies, both in the pilots’ collision-avoid-
ance logic, and in the logic of automatic sys-
tems, must be identified and resolved. The
following experiment extends previous inves-
tigations into the kind of initial-maneuver
techniques and biases airline pilots may
bring to the interpretation of cockpit traffic
displays (Palmer et al., 1980; Smith et al.,
1984).

METHODS
Subjects

Ten current or recently retired airline
pilots served as subjects in this experiment.

The Perspective Display

The perspective display presented a view of
the airspace surrounding the pilot’s ownship
through a “synthetic camera’ that was posi-
tioned above and behind it, viewing it
slightly from one side. The vertical scale was
expanded by a factor of five, in a manner cor-
responding to usual practice in the construc-
tion of three-dimensional topographical
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maps (Jenks and Brown, 1966). The use of a
perspective projection to present the traffic
situation entailed a choice of many specific
parameters of the projection; for example,
the effective focal length of the synthetic lens
and consequent field of view, the position
and direction of the viewing vector, and the
amount of expansion of the vertical scale.
Since we could find little theoretical or prac-
tical guidance for making these choices, we
based them primarily on structured inter-
views with five pilots before the experiment
began. During these interviews, the pilots
commented on the appearance of the display
when a great variety of different projections
were used. This interaction with the pilots
was made possible by providing an interac-
tive design tool that quickly generated pic-
tures with various perspective parameters
for perusal and permutation. The specific
projection we chose was nevertheless some-
what ad hoc; the choice of a display remains
an area for considerable future investigation.

The projection we ultimately used was a
correct-perspective view from an eyepoint 30
km behind ownship, looking down on own-
ship from an elevation angle of 30 deg with a
50-deg field-of-view angle, and rotated 8 deg
so that ownship could be viewed a bit on its
right side. The viewing vector was oriented
directly toward ownship. Because we were
dealing with a synthetic camera, we were
able to select the sizes of the aircraft inde-
pendently of the position of the eyepoint. The
size of ownship was constant at 8.0 mm
across on the display and was chosen so that
it would be clearly visible. The display was
127 mm square. The sizes of all other aircraft
were than rescaled relative to ownship ac-
cording to their perspective projection. It is
important to note that the rescaling of all
aircraft with respect to ownship and the dif-
ferential scaling of the vertical axis resulted
in an actual projection significantly different
from a strictly “correct” projection with the
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Figure 1. Comparison of a plan-view (left) and a perspective traffic display (right) for an identical traffic

situation.

perspective parameters we used. All displays
were viewed about 60 cm from the display
surface under photopic conditions. Display
line luminances were about 30 cd/m2.
Aircraft on the display were represented by
schematic airplane-like symbols and were
positioned so that their correct current loca-
tion was under the nose of the symbol. Own-
ship was always presented so that it was in
the center of the display. Each aircraft was
presented with a 60-s ground-referenced pre-
dictor and trailed 10 dots separated by 4-s
periods, representing previous positions.
Horizontal separation and aspect were un-
ambiguously presented by placing reference
lines from the present and future positions of
all aircraft onto a grid ruled with 3-nau-
tical-mile intervals that were shown 5000
feet below ownship. The grid appeared to
move under ownship in proportion to its
ground speed and was aligned so that its cen-
terline always corresponded to ownship's in-
stantaneous ground track. Thus, the grid
could serve as a moving two-dimensional

frame of reference for judging present and fu-
ture horizontal separation.

Vertical separation was presented by cal-
culating a level plane at ownship's altitude
passing through all of the reference lines. The
intersection of this plane with each reference
line was shown by small x's drawn on the ref-
erence lines. The intervals between the x's
and all present or future positions of aircraft
were divided into 1000-foot intervals by tick
marks.

An important aspect of all of the symbo-
logy selected for use with the perspective dis-
play was that it presented “ownship-rela-
tive” information. For example, the 1000-foot
altitude tick marks indicate relative vertical
separation, and the alignment of the grid to
ownship’s ground track provides a relative
horizontal-separation metric. In this way, the
display presents what Falzon (1982) calls the
“variables” of an encounter as opposed to
“properties,” which are the specific charac-
teristics of the aircraft involved such as
speed, heading, and absolute altitude.
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Plan-View Control Display

A plan-view format with ground-refer-
enced, one-minute predictors and 40 seconds
of history similar to that on the perspective
display served as a control (see left side of
Figure 1). The data tags on this display
showed speed (knots) and altitude (hundreds
of feet) on the middle line, and vertical rate
information (hundreds of feet per minute) on
the bottom line. Upward- and downward-
pointing arrows indicated climb and descent,
respectively. Dashed lines three nautical
miles on each side of ownship’s ground track
and route lines provided a sense of motion
over terrain. Thus, this display presented
separation information similar to that pre-
sented on the perspective display and served
as a control for testing the hypothesis regard-
ing horizontal-maneuver bias.

Experimental Design

Display type was crossed with subjects in a
repeated-measures design with counterba-
lanced order of presentation and indepen-
dent groups analysis to control for asym-
metric transfer. The encounters used on all
displays were designed so that in each situa-
tion there were two aircraft displayed with
ownship: an intruder, 90 s from time of min-
imum separation, and a pseudo-intruder, 110
s from minimum separation. The trajectory
of the pseudo-intruder was selected so that it
never produced a spacing violation with
ownship.

The traffic environment was that of a ter-
minal control area (TCA) under true instru-
ment meteorological conditions. All aircraft
were medium commercial transports and
were to be considered under air traffic con-
trol. No other aircraft were equipped with
cockpit traffic displays. Ownship was in
straight-and-level flight in conformance with
its current clearance to maintain 10 000 feet
and 240 knots if no spacing violation oc-
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curred for the duration of the scenario, which
lasted 90 s at most.

Encounter Geometry

The intruder’s trajectories were selected to
randomly provide 108 geometrically dif-
ferent encounters with a variety of horizontal
and vertical speeds, horizontal and vertical
miss distances, and heading differences. This
was done by systematically varying the in-
truder’s heading difference with ownship (0,
+30, =60, =90, =120, +150 deg) and ran-
domly pairing these heading differences with
horizontal miss distances (0.5, +1.5, +4.0
nautical miles), vertical miss distances
(=300, =750, +1500 feet), and intruder ver-
tical speeds (0, 2000 feet/min) in a re-
peated-measures design in which heading
difference was crossed with display type. The
algebraic sign of the other variables was ig-
nored. This variation served to provide the
108 different traffic scenarios to be presented
to each subject. Thus, any systematic selec-
tion of maneuvering would be collected from
a wide variety of potential traffic encounters.
This wide variety points to an advantage of
using a part-task technique, since neither
full-mission nor part-mission experiments
are capable of allowing exploration of such a
wide experimental space.

Subject’s Task

The pilot’s task was to monitor the devel-
oping conflict situation as if he were flying in
ownship, and to recommend an avoidance
maneuver. Maneuvers were to be selected if
the pilot determined that an intruding air-
craft would pose a spacing violation by
coming within 3 nautical miles horizontally
and 1000 feet vertically. If the pilot foresaw a
violation, he was then to select an avoidance
maneuver (climb, descent, turn, or combined
maneuver) by moving the stick of the simu-
lator in the direction he would use if actually
flying an aircraft. He also could signal with a
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stick-mounted button when he had seen
enough of the developing conflict to deter-
mine that no avoidance maneuver would be
necessary. Either of these decisions would
terminate the encounter scenario. The pilot's
decision time was measured from the begin-
ning of the encounter, when the traffic dis-
play first appeared on the CRT screen, to the
time when he either selected a maneuver or
decided he no longer needed to monitor the
traffic display because the danger of a con-
flict had passed. The times and types of ma-
neuvers selected were automatically re-
corded by the simulation computer.
Immediately after making an avoidance
decision, the pilot answered several ques-
tions on a questionnaire concerning the spe-
cific characteristics of the avoidance ma-
neuver he had selected. He indicated the
desired bank angle, the desired degree of an-
gular course deviation, the desired rate of
climb or descent, and the desired amount of
change in altitude. The pilots took from one
to two minutes, immediately after termina-
tion of the encounter, to complete the ques-
tionnaire. This information allowed the ex-
perimenters to simulate the maneuver on a
data analysis computer to determine some of
the consequences had the pilot been allowed
to execute the maneuver he selected.
Significantly, the pilot was never allowed
to see the consequences of his selected avoid-
ance decision. This condition, which was suc-
cessfully used for a similar purpose in a pre-
vious experiment (Smith et al., 1984), was
specifically intended to reduce the effects of
practice and training on the results. The ex-
periment was thus intended to take an inven-
tory of pilots’” maneuver predispositions
based on their extensive flying experience.
To prevent this inventory from being cor-
rupted by the experience of the experiment
itself, we carefully avoided training the pilots
either explicitly or implicitly in specific
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avoidance procedures or in the consequences
of their own decisions. No pilot, however,
was allowed to participate in the experiment
until he had demonstrated complete under-
standing of the symbology used on the dis-
play and successful operation of the simu-
lator controls. This understanding was
provided by approximately one hour of brief-
ing and practice before the beginning of any
particular experimental run.

Experimental Environment

The experiment was conducted in two ses-
sions separated by about one week. Each ses-
sion, including initial instructions, lasted be-
tween four and five hours. All sessions were
conducted in the NASA—Ames Multicab
room, which allowed the subjects to sit in
simple aircraft simulators and monitor the
displays on an Evans and Sutherland PS II
calligraphic display positioned on the control
panel. This test facility is described in detail
elsewhere (Hart, 1982). It provided a fairly
realistic cockpit environment in which the
pilots could monitor the developing traffic
conflicts. All of the usual flight controls are
present: stick, rudder, and pedals. No ex-
ternal visual scene could be provided. The
cabs were partially closed to isolate the pilot
and increase the realism of the simulation.
The pilots were kept in audio contact with
the experimenter by an intercom link.

Each subject received written instruction
booklets that described the purpose and as-
sumptions of the experiment and the opera-
tion of the simulator cockpits. The pilots
were told to adopt one of the roles of the
“pilot not flying,” whose usual duties include
a radio watch to keep track of potential
traffic conflict. The cockpit traffic display
provided the source of this information in-
stead of the usual aircraft radio communica-
tions. The subjects were told to assume that
the traffic display presented true conditions
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unaffected by weather, tracker lags, or radar
noise, and that wind was negligible.

RESULTS

The statistical tests on the results reported
in this section have been checked to elimi-
nate the possibility of asymmetric transfer
(Poulton, 1974) by using a repeated-measures
analysis with 10 subjects and then con-
firming any significant effect with an inde-
pendent-groups analysis with 5 subjects per
group.

The pilots’ mean decision time either to
initiate a maneuver or to decide that no ma-
neuver would be necessary was 38 s for the
plan-view display and 35 s for the perspective
display. This difference was not statistically
significant, F(1,9) = 0.447, p > 0.05; F(1,8) =
0.555, p > 0.05. However, an analysis of vari-
ance conducted on the data showed a highly
significant interaction between type of dis-
play and heading difference, F(5,45) = 3.51,p
< 0.01; F(5,40) = 5.71, p < 0.001, which on
inspection showed that for all but head-on
traffic, the pilots’ decision time with the per-
spective display was from 3 to 6 s faster than
with the plan-view display (see Figure 2). For
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head-on traffic, the reverse was true, and the
perspective display actually took about 5 s
longer to interpret. This undoubtedly re-
sulted from that fact that an intruder’s sym-
bology was practically impossible to inter-
pret when it flew along the axis of the
viewing vector, as was the case for head-on
traffic. Under these conditions, the reference
lines from both present and future positions
were practically superimposed, and it was
hard to tell if the intruder was coming or
going. Thus, it is reasonable to conclude that,
for the task used in this experiment, the per-
spective display provided a time advantage
for the conditions in which its symbology
could be seen.

The pilots selected avoidance maneuvers
somewhat more frequently when using the
plan-view displays than when using the per-
spective display. The mean number of ma-
neuvers with plan-view was 59.3, versus 49.6
for the perspective display. This difference is,
however, not statistically significant, #(9) =
1.40, p > 0.05; t(8) = 0.07, p > 0.05.

However, a breakdown of the types of ma-
neuvers chosen shows a striking difference in
the maneuver patterns for the two displays.
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Figure 2. Mean and standard error of the pilot decision time to make maneuver decisions.
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The left part of Figure 3 shows the maneuver
pattern for the plan-view display. This pat-
tern replicates an earlier finding from both
part-mission and part-task experiments.
These results showed that when intruding
aircraft are seen at least 60 s before min-
imum separation, horizontal maneuvers
seem to be preferred (Palmer, 1983; Smith et
al., 1984). The right part of Figure 3 clearly
shows a shift to more maneuvers with ver-
tical components when pilots used the per-
spective display.

This tendency may be analyzed subject by
subject by calculating the ratio of each pilot’s
maneuvers with vertical components to those
without vertical components. Though corre-
lated with a percentage, this score is superior
for statistical analysis because it is not con-
strained to a fixed range of 0 to 100. Tabula-
tion of this score for each pilot separately
showed that all pilots had a greater prefer-
ence for vertical maneuvers with the per-
spective display (sign test, p < 0.002). The
mean of the vertical maneuver score for the
plan-view display was 0.77 and the mean for
the perspective display was 2.33. This differ-
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ence can be analyzed by a ¢ test for repeated
measures and double-checked by an indepen-
dent groups ¢ test. Both confirm the relatively
increased number of vertical maneuvers with
the perspective display that is clear from
Figure 3, #(9) = 4.30,p < 0.002; #(8) = 2.62,p
< 0.03.

We have assessed some aspects of the
quality of the initial maneuvers that the
pilots selected with both types of display,
such as the frequency of the pilots’ failure to
maneuver when necessary for safe spacing.
This analysis of the patterns of the pilots’
avoidance maneuvers was accomplished by
tabulating each extrapolated encounter out-
come into one of six possibilities. For each
encounter, a pilot decided whether or not a
maneuver would be required to avoid a sepa-
ration violation. A decision to make no ma-
neuver was “‘correct” if, in fact, no separation
violation would have occurred. If, however, a
no-maneuver decision resulted in a separa-
tion violation, this decision was “incorrect.”
A decision to make a maneuver was termed
necessary if the planned separation for an en-
counter resulted in a separation violation.

PERSPECTIVE DISPLAY
TOWARDS 40

LEVEL FLIGHT

DESCENDING

Figure 3. Histograms of the mean percentage of the various categories (+1 SE) of avoidance maneuvers

broken down by display type.
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Furthermore, a necessary maneuver was
“successful” if it would have avoided the vio-
lation, or “unsuccessful” if it would not. On
the other hand, a decision to maneuver was
termed unnecessary if no separation viola-
tion would have occurred. Such an unneces-
sary maneuver was a “blunder” if it would
have created a separation violation. An un-
necessary maneuver that would not create a
separation violation was categorized as a
“wasted” maneuver.

Frequency counts of each possible outcome
were analyzed for each pilot and each dis-
play. All categories except incorrect show an
overall advantage for the perspective display.
Two categories show statistically significant
differences insensitive to the statistical
method of repeated-measures analysis: un-
successful, 1(9) = 5.71, p < 0.001; sign test p
< 0.002; and blunder, #(9) = 3.464, p <
0.0085; sign test p < 0.04. The smaller
number of unsuccessful maneuvers with the
perspective display remained statistically
significant when checked with the more con-
servative independent groups ¢ test, #(8) =
3.58,p < 0.01.

DISCUSSION
Patterns of Maneuver Selection

The difference in maneuver patterns shown
in Figure 2 clearly demonstrates that pilots’
avoidance maneuvers in the vertical dimen-
sion are strongly affected by the manner in
which vertical separation is presented. The
more natural presentation of vertical separa-
tion on the perspective display approxi-
mately doubled the number of maneuvers in
the vertical dimension. Thus, the pilots’ pre-
vious explanations that their preference for
horizontal maneuvers was due to procedural
reasons must be seen as rationalizations
(Dreyfus and Dreyfus, 1986). The same pilots,
when provided a second chance to interpret a
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given encounter (and unaware of the repeti-
tion because of the large number of different
encounters and the intervening time between
test sessions), chose more vertical maneuvers
when using a perspective display.

The presence or absence of a vertical com-
ponent in a pilot's initial avoidance ma-
neuver is practically important because the
planned implementation by the FAA of the
Traffic-Alert and Collision Avoidance System
(TCAS) will initially only command vertical
maneuvers. Such maneuvers would be in
conflict with pilots” overall biases if traffic
information were presented on a plan-view
format with sufficient preview time for pilots
to consider a horizontal maneuver. Signifi-
cantly, the pilots’ preference for horizontal
maneuvers is reduced if they are allowed to
monitor a developing conflict for 60 s or less
(Palmer, 1983). The horizontal bias almost
disappears if a preview of only 40 or 25 s is
allowed (E. A. Palmer, personal communica-
tion, October 9, 1986). This dependence on
preview time probably reflects the fact that
vertical maneuvers, particularly descents,
are quicker than turns. Thus, when the time
for maneuvering is short, vertical maneuvers
are preferred.

Accordingly, plan-view cockpit traffic dis-
plays in collision-avoidance systems that
command only vertical avoidance maneuvers
should display traffic only long enough so
that the pilot does not begin to consider a
horizontal maneuver. Some current designs
for traffic-avoidance systems that also dis-
play aircraft position conform to this recom-
mendation. In these designs, conflicting
traffic is displayed only if it is less than 40 s
to a point of minimum separation (Radio
Technical Commission for Aeronautics,
1983).

Use of a perspective display format for a
cockpit traffic display would relax the re-
striction on preview time, since with such
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displays pilots would be less inclined to make
purely horizontal maneuvers. However, be-
cause a constraint on preview time also has
the advantage of reducing the amount of
traffic shown on the display, the selection of
a display format should not be based solely
on its probable effect on pilot maneuver
biases.

Timing of Maneuver Selection

The absolute response times used by the
pilots to evaluate whether avoidance ma-
neuvers would be required are undoubtedly
closely related to the specific task and in-
structions. The approximate 10% time reduc-
tion for interpretation of the perspective dis-
play, however, probably does reflect a relative
difference and shows that decision time can

be reduced by avoiding the use of data tags
that must be read to find vertical separation.
The requirement that the pilot read four sets
of numbers associated with each vehicle in
the plan-view display—as opposed to only
the aircraft identification tag on the corre-
sponding aircraft symbol on the perspective
display—probably accounts for the differ-
ence in decision times.

The particular problem of superimposition
of the display symbology seen with the per-
spective format for head-on traffic is analo-
gous to the problem of superimposition of
data tags on the plan-view display. Since the
plan-view display had the advantage of an
automatic algorithm that prevented super-
imposition of the data tags, a similar system
for adjusting the eyepoint to provide a less
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frontal view of head-on traffic might have
helped the perspective display and further
reduced pilot decision time while using it.
Clearly, any implementation of a perspective
display will require a solution to the problem
of superimposed symbology. As an alterna-
tive to automatic decluttering, pilots might
be given some control over the position of the
eyepoint.

Elaborate quantitative evaluation of the
quality of the pilots’ avoidance maneuvers
while using each display is beyond the scope
of this experiment. This is primarily because
the experiment was designed as a way to in-
ventory pilots’ initiation of traffic avoidance,
not to assess the proficiency with which they
could carry out such a maneuver. The latter
analysis would require substantial training
(to asymptotic behavior) in order to provide a
realistic and useful comparison of display
formats. The reported relative differences are
worth noting, however, because they suggest
that use of the perspective display resulted in
improved avoidance maneuvering with fewer
blunders and fewer unsuccessful attempts to
achieve a specified separation. Furthermore,
the relative decision times and maneuver
patterns reported above are significant in
themselves because they reflect the biases
and opinions with which pilots would greet
the introduction of a cockpit traffic display
into the cockpit. In the cases of our subjects,
these opinions are based on thousands of
hours, in some cases more than 10 000 hours,
of airline experience and thus reflect the kind
of ingrained opinion and perception that
might appear in time of stress.

In summary, the results of the current ex-
periment point toward the usefulness of in-
vestigating more natural display formats for
the integrated presentation of three-dimen-
sional separation information. The improve-
ments in decision time and avoidance per-
formance that can be attributed to the
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perspective format in this experiment are
probably not the maximum achievable, since
the format itself was not systematically opti-
mized for the pilot’s use. Our research on the
influence of the parameters of a projection on
picture perception will provide a basis for
further improvements in parameter selection
(McGreevy and Ellis, 1986; McGreevy, Ratz-
laff, and Ellis, 1985). These improvements
could also be integrated into intelligent per-
spective display systems that automatically
configure themselves to provide their users
with the most interpretable perspective pro-
jection possible.
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