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Abstract

This experiment was designed to examine aspects of human visual perception
during approaches to a runway. The runway width illusion has commonly been reported
to contribute to the dangerous tendency of pilots to fly low approaches to runways that
are wide and high approaches to runways that are narrow. Attempts to prevent the
runway width illusion have not attempted to identify the ideal location for an indicator of
altitude. Thus the present experiment examined the effect of varying runway width and
manipulated scenes in order to determine whether the runway width illusion was present
and where participants were focusing their attention in the scenes. Thirty-two non-pilot
participants and 3 pilots took part in the experiment and viewed static and dynamic
scenes of runways that were narrow (30.48m), medium (60.96m) or wide (91.44m) at one
of three viewing heights low (30.48m), medium (45.72m) or high (60.96m). After
viewing scenes, participants were required to estimate their altitude and aim-point. The
results of this experiment revealed that participants were fairly inaccurate at estimating
altitude and were inclined to overestimate aim-point, however the data also indicated that
there was a robust runway width illusion that was present across static and dynamic trials
and in both altitude and aim-point data. The standard marking on the runway in an
attempt to prevent the runway width illusion was not effective at preventing incorrect
altitude estimations but did assist participants to estimate aim-point. It was also found
that the objects that participants’ most commonly reported using to estimate altitude in

the visual scene were located in the lower segment of the scenes.
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INTRODUCTION

Landing an aircraft is a visually demanding task, not to mention one of the most
dangerous phases of flight. Fifty percent of aviation accidents occur during the approach
and landing phase of flight and thus landing is the most dangerous phase of flight (Kratft,
1978). Not only do the accident statistics indicate that landing is the most dangerous
phase of flight, a wide range of researchers have also noted that landing is the most
hazardous phase of flight (Beall & Loomis, 1997; Benbassat & Abramson; 2002;
Benbassat, Williams & Abramson, 2005; Brictson, Ciavarelli & Wulfeck, 1969; Reardon,
1988; Smiley, 1958; Warren; 1988). These researchers have either directly or indirectly
conducted research into landing. For example Smiley's hypoglycaemia research amongst
pilots focused on the landing phase of flight as this study examined the element of flight
that had a high exposure to risk, and thus the landing phase of flight was chosen for study
(Smiley, 1958). Brictson et al., in a more direct study of landing examined the landing of
aircraft onto aircraft carriers. It was reported that as the dimensions of the runway, and
elements of the visual scene changed, pilots perceived it was more difficult to
successfully land the plane without incident (Brictson, Ciavarelli & Wulfeck, 1969). In
addition, it has further been reported that pilots’ loss of control on landing was the second
main cause of air crashes (Li, Baker, Lamb, Grabowski & Rebok, 2002). As can be seen
from this research into landing, the final approach and touchdown phase of flight is the
most dangerous phase of flight with a high exposure to risk and potential for loss of

control.

Despite the advances made in aircraft technology, it appears that perceptual
illusions in the landing phase of flight still present a problem. It was reported in 2001
that 80% of all aviation crashes are attributed to pilot error, but not necessarily during
landing (Li, Baker, Grabowski & Rebok, 2001). However, although modern day flight is
deemed to be a lot safer than the earlier days of flight, this same crash statistic was also
recorded in 1942 when there were far fewer planes in the sky and at airports (Li et al.,
2001). The statistics indicate that landing aids have not reduced the high instance of pilot

error as much as first believed. Researchers had believed that with the advent of landing



aids e.g. a VASI (Visual Approach Slope Indicator) system, that there should have been a
decrease in the incidence of crashes during landing due to the additional instrument
support. However even with the introduction of landing aids, the pilot error statistic has
not decreased, thus, due to the high levels of pilot error with respect to landing accidents,
it has been assumed by researchers that landing incidents are commonly caused by
misperceptions in a pilots visual field during landing (Kim, 2000).

When examining the presence of visual illusions in the landing phase of flight, it
IS necessary to understand the sub-tasks during landing. The goal of landing an aircraft is
naturally to have the plane land safely on the runway and in order to achieve this, pilots
must accomplish several sub-tasks. Firstly, a pilot has to align the aircraft with the
runway on which they intend to land and this can be done visually, with instruments or a
combination of both (Beall & Loomis, 1997). Secondly, the speed and altitude of the
aircraft must be reduced in order to enable a stable path of descent to the runway (Beall
& Loomis, 1997). In the final phase in landing, a pilot must complete the descent with a
landing flare to bring the aircraft down safely on the runway (Beall & Loomis, 1997). A
landing flare is the "transition from a controlled descent to actual contact with the landing
surface and is also known as the flareout, roundout, or leveloff" (Benbassat & Abramson,
2002, p137). The landing flare is important for smooth and safe landings as the descent
rate at touchdown is reduced which aids the steady and even descent of the aircraft
(Benbassat, Williams & Abramson, 2005). Figure 1 provides a pictorial view of the
various sub-tasks in the landing process. With regards to the approach angle, it should be
noted that the approach angle is the angle between two lines: (A) A line that could be
drawn from the plane’s current position to the intended touchdown point, and (B) the line

corresponding to the horizontal ground plane.



Align the aircraft
with the runway
using landing aids or
using visual cues

Descend on a stable

path to runway based Landing Flare onto

on the visual scene runway as a result of Aim-point—the point on
visually assessing the the runway at which the
visual scene pilot wants to touch the

plane down based on visual
perception of the runway

Approach Angle
Normally 3°

Runway

Figure 1: The four basic sub-tasks involved in the final approach and landing of an

aircraft

The attempts made in the past to remedy pilot misperceptions of the runway, e.g.
VASI systems, did not decrease the number of accidents as a result of runway and visual
scene misperceptions during the landing phase of flight. Mertens and Lewis reported that
“even with these Visual Approach Slope Indicators (VASI) systems in use, too many
accidents continue to occur” (Mertens & Lewis, 1979, p991). As a result, it was
concluded that misperceptions of the runway scene are responsible for a large number of
accidents while landing, thus, with the focus on the various misperceptions in the visual
scene, much research has tended to focus on visual cues that pilots use in the landing
phase of flight. However, with new landing aids and systems, it is possible that this old
argument is no longer valid since previous research findings were based on older
navigation equipment rather than the new landing systems. In aviation landing vision
research, the cues used in visual tasks have been divided into static and dynamic cues,
and therefore two methodologies that focus on either static or dynamic cues. Static cues
are aspects of the visual scene that relate to size and objects relative to each other in the



visual scene. In contrast, dynamic cues are based on the locomotion or movement of the
objects relative to each other and the movement of the observer. The movement of the
observer results in the retinal image motion that provides dynamic cues e.g. heading and
depth perception. Representation of the static environment has received little
methodological attention; however studies have shown that static information is as
equally relevant to study as dynamic information in determining motion and heading
(Hahn, Andersen & Saidpour, 2003). It has been established in the research literature
that both static and dynamic scenes contain important cues for landing an aircraft and

therefore both are worthy of research.

Static Cues

If a snapshot of the runway image was taken at a given time in final approach, this
would be a view of a static image (Edwards & Harris, 1974). The 2-dimensional static
information on the pilot’s retina is what pilots need to infer aspects of the 3-dimensional
environment e.g. their distance from the runway, angle of their line of sight relative to the
ground plane. Many of the early investigations into pilot misperceptions used a static
view methodology which focused on the non-moving aspects of a visual scene. It is
believed that in a static scene, visual cues such as the runway size, shape and angle of
descent are available for pilots to determine altitude. Static views have also proven to be
useful in judging depth, distance and approach angle. It should be recognised that static
indicators of depth contain a different set of indicatory cues than dynamic cues, and that
there are various static cues that are available for the detection of altitude and judgment
of approach angle which can be analysed separately from dynamic cues (Best, Crassini &
Day, 2002).

Horizon-Angle

It is believed by many researchers that the horizon provides a very useful cue for
judgments of altitude in a static scene. There are various theories about how pilots use
the horizon to estimate altitude and the H-angle (horizon-angle) hypothesis is the most
researched. Kraft believed that the angle between the horizon and the end of the runway
had a significant effect on pilot’s approach path and altitude (Kraft, 1978). In order to



reach this conclusion, Kraft examined 234 jet accidents and found that 82 of these

accidents had occurred while pilots were on an approach path to land (Kraft, 1978). To

further validate the findings from the crash reports, Kraft tested pilot's performance in a

simulator with a night landing visual scene and had the pilot's altitude recorded at eight

different intervals along the approach path (Kraft, 1978). During Kraft's examination of

one particular landing crash, it was noted that pilots made reference to lights of a city

underneath them, but also kept in view the lights of a city on the horizon ahead. The

angle that is so often referred to as H-angle is the angle between an object ahead of the

plane on the ground, and the horizon (Galanis, Jennings & Beckett, 1998; Lintern & Liu,

1991). Figure 2 presents a diagrammatic view of the H-angle and how the H-angle itself

is actually the angle derived from the horizon, the distance to the runway and the aim-

point on the runway.

»

H-Angle

<4—— H-Distance

pproach Path

|

Runway

To the horizon

Figure 2: A diagram of the H-angle that depicts the angle between the horizon and the

runway that pilots often use to judge their altitude. Without an estimate of the distance

from the runway, a pilot cannot estimate their altitude from just the H-angle.




In a static image, it has been theorised that pilots are able to estimate altitude and
approach angle based on the H-angle that emerges from the distance to the runway and
the approach path. Thus pilots view the static angle between the horizontal plane of the
scene and a distance to a point on the runway. However, despite the research support for
pilots use of the H-angle, Riordan reported different results from Kraft when Riordan
surveyed pilots and asked what information they used during a visual landing approach
without a VASI (Kraft, 1978, Riordan, 1974). Riordan issued a questionnaire to 360
captains and first officers and asked each pilot to identify the visual cues or aspects of the
visual scene that they used during approach to landing (Riordan, 1974). The survey
included ranked choices of first, second and third for day and night landing approaches
(Riordan, 1974). Questionnaire results indicated that few pilots mentioned the runway

location relative to the horizon as a cue (Riordan, 1974).

Lintern and Liu, who conducted another study questioning the importance of the
H-angle reported similar findings to Riordan (Lintern & Liu, 1991; Riordan, 1974).
Lintern and Liu conducted research into the role of the horizon as a static cue and
examined the implications of both implicit and explicit horizons (Lintern & Liu, 1991).
Lintern and Liu believed that there was reason to question the H-angle hypothesis as
pilots can often land with a limited visual scene and only a runway outline present with
no other visual cues (Lintern & Liu, 1991). In their methodology, 8 male pilots aged 18
to 30 years with at least 100 hours flying experience took part in the experiment. In one
trial run, Lintern and Liu presented four displays to participant pilots; a normal runway
display, an augmented runway display, a display that depicted only aim-point and a fouth
display with no glide-slope information (Lintern & Liu, 1991). Pilots were to make
simulated approaches on a 4 degree glide-slope from a distance of 3078m from the
runway threshold and line up with the runway to begin their descent. Other variables in
this study included headwinds of 0, 5, 10 or 15 knots and the presence of an explicit or
implicit horizon. At times, features of the natural environment e.g. perspective and
compression gradients can form a functional specification of the horizon location; this is
referred to as an implicit horizon. An explicit horizon, in contrast, is formed by the

natural environment and is the formation of a “true horizon’. From the results of this



study, Lintern and Liu reported that pilots were able to land without an explicit horizon,
but the presence of an implicit horizon could influence the pilot’s glide-slope (Lintern &
Liu, 1991). Therefore, according to these research findings, pilots were able to monitor
their glide-slope with the presence of the H-angle, involving an implicit or explicit
horizon. Thus pilots would theoretically be able to monitor their glide-slope as a function
of the H-angle (Galanis, Jennings & Beckett, 1998; Hasbrook, 1975). It should be noted
that without an estimate of the distance from the runway, a pilot cannot estimate their
altitude from just the H-angle. However, as can be seen from the research into the H-
angle hypothesis, it is possible for pilots to identify an implicit horizon e.g. from cloud
formation and distance to the runway, and use this to judge the H-angle. However, due to
Riordan’s results from the questionnaire, it is possible that pilots do not use the H-angle
as much as commonly thought. It is also possible that pilots do make H-angle
judgements in order to determine their altitude, but that this is an unconscious cognitive
process that pilots do not realise they are performing.

Linear Perspective

Another static cue that has been investigated is that of linear perspective. Linear
perspective is a term that refers to the perception of depth as a result of line convergence
on the pilots’ 2-D retina. While linear perspective is the term commonly used for this
phenomenon, the terms geometrical perspective and runway perspective are also used.
Linear perspective is defined as “the apparent tapering in the direction away from the
observer due to the apparent convergence of all sets of parallel lines which proceed
towards a vanishing point on the horizon” (Riordan, 1974, p766). It should be noted that
these angles that are perceived by the observer are the angles on the pilot’s 2-D retina and
not in the world. In the case of landing an aircraft, the linear perspective would relate to
the convergence of the runway edges to a point on the horizon as a cue to indicate
altitude. Another example of linear perspective in a different field from aviation is the
convergence of railroad tracks that appear to converge into the distance. In the world, the
railway lines appear parallel; however the image that appears on the retina makes the

image appear as though the lines are converging. It is probable that pilots become



familiar with the view of the converging runway edges and use this as a cue to judge
altitude.

Riordan’s (1974) questionnaire to pilots regarding the visual cues they used in the
absence of a VASI indicated that the majority of pilots in the study identified the
subtended visual angle (a form of linear perspective) as the most important cue they used
in landing. Measuring the subtended visual angle is a common method to examine visual
acuity with respect to the angle that an object casts on the retina (Riordan, 1974).
Riordan suggested that there were three variables associated with runway
perspective/linear perspective and these were: a) the size of the runway on the retina, b)
the shape of the runway that the pilot perceives as a function of their altitude, c) the slant
of the runway which is in direct reference to the size and shape of the runway (Riordan,
1974). Thus, pilots who focus on the shape, size and the location of the runway should
be able to accurately estimate altitude and approach angle from a static image (Kim,
2000). It is proven to be mathematically possible to derive the angle of approach from
linear perspective information. Perrone mathematically proved that it was possible to
derive the approach angle from the convergence of the runway sides along with the
estimated height of the runway (Perrone, 1980). Perrone’s model of slant estimation was
based on motionless test surfaces and therefore based on static estimations of slant from
linear perspective. The method that Perrone used to derive a model of slant estimation
was similar to the method used by Flock who proposed that it was possible to relate
perspective cues e.g linear perspective, motion parallax and size perspectives (Flock,
1965).

Relative size of objects in the visual scene

Pilots use of and familiarity with objects in the visual scene have been noted by
various researchers (Gogel & Mertens; 1966; Mertens, 1981; Mertens & Lewis, 1983).
Riordan reported that the apparent size of familiar objects along the approach path to
landing was the second most important cue that pilots use to judge their altitude (Riordan,
1974). Research has tended to focus on familiarity with a scene, but the presence of

specific reference points in a given scene has also been studied (Li, 2006). The



familiarity of a scene refers to the notion that pilots may become accustomed to the size
of various objects in their environment and this allows pilots to judge their altitude as a
result of their knowledge about certain objects in the environment. In Riordan’s
questionnaire to pilots, it was apparent that many pilots ranked the size of familiar objects
in the terrain as an important cue they used to make a visual landing. For example, when
pilots land on runways where the trees and objects in the environment are a different size
to those that a pilot is accustomed to looking at, the pilot will often misjudge their

altitude as a result of the difference in tree height.

Goge