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dﬁeAcﬁg for visual judgment of glidepath angle has been referred to as form ratio.

Forn ratioc is defined as the ratio of vertical height of the runvay to width of the
far end in the runway retinal image. The ability of pilots to judge form ratios was
compared with the ability to judge approach angles in the nighttime "black hole"
situation in two experiments. In one experiment, 16 pilots observed a stationary
model of a lighted airport runway under nighttime conditions at differeat simulated
approach angles from a simulated distance of 8,000 ft from threshold. .Pilots made
verbal judgments of approach angle using the categories "low,” "high," and "OK," and
on half the trials also estimated form ratios. In the second experiment, 20 pilots
made observations both in a similar static condition at simulated distances of 8,000
ft and 26,000 ft from threshold, and in a dynamic condition in which they controlled
the model to. preduce (i) specified values of form ratic (1.0, 2,0, and 3.0) or (ii) a
3° approach angle, as the model approached them between 8,000 and 26,000 ft. The
simulated approach speed was 125 knots. '

Responsas in both statie and dynamic conditipns indicated a general tenﬂency to over-
estimate form ratios and approach angles less than 3°. 1Intersubject and intrasubject
variability of form ratio and appreach angle responses were comparable, —These find~
ings (i) do not support the utility of form ratio judgments as an aid in selecting
approach angle, (ii) add to the empiriral evidence of visual illusions and the danger
of reliance ¢n visual information for judgment of approach angle in the nighttime
"black hole'" situation where only runway lights are visible, and (iii) point to varia-
bility in perception of approach:angle as an important part of the problem.
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RUNWAY IMAGE SHAPE AS A CUE FOR JUDGMENT OF APPROACH ANGLE
' ; CHAPTER I
|
_ i

The dangerous tendency for pilots to fly too low during night approaches
has long been attributed, on an anecdotal basis, to visual illusions due to
recduction of available visual information at night (15,16,20,27,30). Studies
of aircraft accidents emphasize the importance of the night approach problem
with the finding of ajhigh proportion of accidents in night approaches and
landings that are not associated with adverse weather conditicns (16,20).
Recent research prov1des empirical evidence that visual illusions occur in the
night approach s*tuation which may directly cause low approaches during actual
attempts to land at nlght (20,26). A recent study in this laboratory found’
that pilots overestimgted angles cf approach (glide path) simulated with a.
model runway by a factor of 2 (26). This overestimation means that, under
nighttime conditions when only runway lights are visible, pilots may be at
one-half the altltude1that they think they are, and may be dangerously low in
fome cases in spite of judging their altitude to be safe. 1In addition to
quantification of sucl wvisual illusions which can ocecur at night, it is
desirable to understand what variables determine judgments of approach angle
g0 that approach and ﬁunway lighting can be designed most effectively and so
that pilots may be tr1lnc4 te judge approach angle more- accurately,

Introdugtion.

Monocular visval cues are the important determiners of visual perception -
during the approach to; landing sirce binocular cues such as stereopsis and
convergence cannot be effective at the relatively great distances involved in
all but the last few seconds of the apprcach (27). The monocula& cues that
are generally considered 1mportdnt 4re relative motion parallax and size and
shape cues in the runway 1mage, the {latter may include perspective, height, or
foreshortening of the runway image (15 16,28,31). PRelative motion parallax is
defined as a difference in rate of apparent movement of objects in the visual
field. 1In approaches to landxng, al} objects in the approach scene appear to
move directly away from the aim p01nt toward which the aircraft is moving;
this movement away from the aim po1nt occurs in a complex pattern of apparent
velocities which is a function of glide path angle and approach speed (11).
However, three experiments in our laboratory (25,26) have found that relative
motion parallax had little or no effect on perceived orientation of a model

_runway under asimulated nighttime conditions when only runway lights were

vigible. No effect was observed at simulated distances as near as 1.33
nautical miles from runway threshold and at simulated speeds of approach up to
140 knota. It was also found that the presence of a stable visual frame of%
reference cimulating the cockpit window frame did fiot enhance the effective-
ness of relative motion parallax as a cue for judgment of runway orientation
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at night. The overestimation of approach angle by a factor of 2, discussed
above (26), also occurred in spite of the Presence of motion cues resulting .
from the 140-knot. approach speed.

The finding that relative motion parallax in the runway image is not an
effective cue for perception of approach angle, nor of runway slant, does not
reflect on thz utility of relative motien parallax as a cue for judging aim
point, i.e., the point on the ground toward which the aircraft is moving. A
well known method of using judgments of aim point to control approach path is
called the "gunsight™ method (16). This method is based on the fact that the
aim point on the ground toward which the aireraft is moving is stationary in
the cockpit window during stable approaches. Points on the ground nearer
than the aim point appear to move downward in the window and points on the
ground beyond the aim point appear to move upward in the window. The
"gunsight'" technique is dependent, however, on constancy of the aircraft's
attitude and the position of the pilot's eye relative to the window. In such
a stable situation the pilot can align the intended touchdown point with the
sppropriate point on the window and fly at a consctant angle of approach
toward that point. Although stable appreoaches can be flowm with "remarkable
accuracy" using this technique, turbulence and windshear can render it
useless and unnoticed head movements, airspeed changes, or any vertical speed
changes can cause insidious and serious glide path errors as described by
Hasbrook. The "gunsight" technique is also basically a methed of maintaining
a constant angle of approach.and does not give infcrmation regarding magni-
tude of approach angle. Although the utility of the “gunsight" technique for
stable approaches is well established, other cues must serve for judgment of
the magnitude of initial approach angles, and for judgments of approach angles
durlng unstable approach conditicns which occur because of unnoticed changes
in aircraft attitude and speed, changes in lead (eye) positiom, or due to
environmental factors such as turbulence.

Size cues in the approach scene are often mentioned as important in the
judgment of the glide path angle. Most theoretical presentatlons of size
cues simply discuss the general relation of individual cues to distance and
approach (glide) angle. They typically state that the pilot remembers the
appropriate values of slant, size, and shape attributes of the runway which
are associated with acceptable approach angles (16,28,31). During a landing
approach, the pilot is thought to fly his aircraft so as to make the runway
scerie look "correct." The "correct" appearance is not specified by theory,
however, and it is implied to vary with the individual's experiences. This
conception of the process of judging approach angles is reinforced by the fact
that the pilots are usually not able to tell how they identify the “correct"
approach path, although they usually have confidence in their ability to do
so. This undefined conception of how approach angle is judged calls atten-
tion, on an anecdotal basis, to particular cues selected during a particular
landing but cannot provide a formula to a student pilot for such judgments.
It also does not tell a pilot how to adapt himself to approaches at a strange
airport, without prior training at that airport. Usually pilots must learn
for themselves how to judge approach angles and how to generalize their

2



expericnce, hased on self-assessment and/or on feedback from instructor pilots
during practice approaches. 1In szome cases, Visual Approach Slope Indicators
(VASI) alongside the runway or Instrument Landing System (ILS) instruments may
provide more precise feedback during learning about the relation between the
visual scene viewed during the approach and the position of the aircraft with
respect to the desired glide path. It would seem that a more explicit theory
relating the role of various cues, including those of apparent size, shape,

and slant in the runway scene, in judgments of approdch angle is desirable for . |
educational purposes., A number of potential cues involving size and shape of
the runway image will be discussed in this paper regarding their relationship
to approachi angle. All have been said to be of use in judging approach angles.

Linecar perspective 1s one cue involving the apparent shape of the runway
imaze that is often mentioned as lmportant in judging approach angle. It hasg
been shown'to determine perceived slant in laboratory experiments and it has
also receiveg theoretical attention outside the aviation literature (8,9).
Linear perspective can be defined as the angle in the retinal image of the
runway rectangle between the near end (threshold) of the runway and the side
edge of the runway. The relationship of linear perspective in the runway
image to approach angle for a particular runway size is nonlinear at a
specific digtance from the runway threshold and the functional relationship is
different #t cach distance. Use of perspective to visually "m2asure’ approach
angle is, therefore, depeundent on knowledge of one’s distance to the runway.
It is most likely that linear perspective affects judgments of approach a zle
through the unconscious processes that affect perceived slant. The relation-
ship of "apparent linear perspactive" to approach angle at a consclous level
hae not been studied but it is likely to be very complex due to the complex
function relating distance and approach angle to perspective in the retinal
image. Research is needed, however, to determine the importance of this cue’
and how it ie used in approach angle judgments, Judgments of distance to the
runway should also be studied in this context in relation to judgments of
approach angle and apparent linear perspective,

i

Some have suggested that apparent height of the runway in the visual field
is one cue pilots utilize (28). The angular height of the runway in the
vigyal field is linearly related to approach angle, when measured at a
particular distance, for approach angles up to 10°. The function rklating
height to approach angle varies with distance, however, so utilization of this
cue would be dependent on knowledge of runway distance, as was alsoc the case
with the linear perspective cue. 1In discussions of how cues auch ds linear
perspective or image height are used, it is usually implicitly qssumed that
distance to the runway is perceived accurately. Pitts (27) has explicitly
stated this assumption but its basis is unclear. The small gmount of data
which have been presented concerning judgments of distance iau a simulated
nighttime approach-to-landing situation show great variability and a tendency
to underestimate distances (26), "

It is poseible, however, that some other characteristics of image shape
with a more simple relation to approach angle and distance may identify the
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"eorrect" approach angle independent of the apparent slant of the runway
surface. One such cue is the angle (height)} in the visual field between the
aim point on the;runway surface and the horizon in the visual field. 1I1f, for
example, the desired aim point can be made to remain 39 below the horizon, the
approach path will be a constant 39, This cue would be independent of
distance and runway size to the extent that this absolute visual angle could
be judged. Langewiesche (22) has discussed this cue and considers it to be
of primary importance. Its use is, however, limited to situations where tle
horizon is visible, and it may produce erronecus approach angles if terrain
behind the runway is sloped upward (20}. 7Tt would also seem to be less
useful at night than in the daytime due to the difficulty of seeing the
horizon and the greater potential for erroneous location of the horizon due to
terrain. However, in the absence of a visible horizon at night, it is
possible that thé horizon position might be inferred from the apparent
vanishing point of the sides of the runway. Unfortunately, so far as we
know, the ability to judge the vanishing point location at night has not been
studied experime taliy It is also known that judgments of the absolute size
(e.g., height of jthe runway in the visual field) are extremely variable. Om
the other haud, %elatlonal size judgments are more precise than absolute
judgments (12). It is possible, therefore, that if be15ht of the runway image
relative to the horizon or apparent vanlshxng point is an important cue, it
would be judged in relation to the frame of reference provided by the cockpit
windshield and the instrument panel. If so, flying an. aircraft with an
unfamiliar windghield size would be expected to disrupt Judgments. While
further study ofjthe cue involving angular height of runway in the visual
field relative td the horizon would be highly desirable, there is another
potential cue involving runway shape whith seems more likely to be of value
in judgments of %ppxoach angle,especlally at night when only runway lights
are vigible. |

That other shape cue in the runway image has been callied perspective (22,
31) and form ratio (2), and is of special interest because it has a very
simple relation to approach angle, distance, runway size, and geopgraphic
slant of the runway. Because the term‘"perspectlve is frequently used to
represent the compound of all possible cues in the runway image involving
abgolute size, relative size, and shape (27,28), the more specific term “form
ratio" will be used to refer to the cue involving ratio of height to
far-end-width in the runway image. Form ratio (perspective) can be defined.
for the approach-to-landing situation as the Tatio of height in the runway
image (from near end up to the . far end) relative to the width of the image of
the far end as shown in Figureil. For a particular runway, form ratio is
linearly related to angle of approach (for angles up to 10°) and is independ-
ent of distance, while values of linear perspective change with distance as
shown in Figure 2. The form ratic cue is alsc not dependent upon the
visibility of terrain features, such as the horizon, or upon relations
between runway image and cockpit window. The best discussion of form ratio
~in the aviation literature is by Langewiesche (22) who described it as the
"foreshortened appearance” of the runway which varies with approach angle.
Langewiesche's iustruction to pilots for use of this cue went as follows:
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FR=1.5

DISTANCE = X/2

Figure 2. Form ratio (FR) is shown for a constant appruaach
angle 6 at two distances from runway threshold, X
and ¥X. Form ratio remains constant with vatriation
in distance but linear perspective varies (Bi ¥ By).

", . . This clue is used consciously by many pilots and
unconsciously probably by all. In bringing a ship at night into
a field that has only boundary lights, or only flare path doim
the runway, it is sometimes the only clue, especially if the
field is far away from towns or other lights and surrounded by
darkness. - ‘ . _

‘"For the sake of simplicity, assume that the field is
square. Then, if it appears as almost square, you know that

“you are high over it and are thus overshooting. You know it
even if you can see nothing else on the ground. If the sguare
field appears radically foreshortened, you know that it lies
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“in front" of ygu much more than "below" wou; you are too low
and probatly can't reach it in a glide. 1If it looks "abow+
right,”" you know vou can probably glide into it.

~ "This is a fairly reliable clue. It wili work frow any
altitud-, regardless of the absolute heights and distances
involved; you get the same degree of foreshortenirg of a
square as long as you view it from the scme augle: whether
you view it 5 miles away and 3,500 ft up, or 0.5 mile away
and 350 ft up. |[Thus, for one given airplane (and disregarding
wind variationc) there is one and only one merspectivi of the
field that is "ygight;"” it depends of course on Lhe ship's
gliding angle .|. . . A pilof sivn remewber, the particular
perspective chatl goes with his siiip's particaliar rliding
angle."{(p. 262) '

Although others jnave briefly mentioned "foreshortening" and 'rerspective"
in the runway image jas a cue (31}, it has not beon discussed in meve depth
than in the quotatign akove. The simple geometric-l relation of form ratic tu
the runway variableg that determine it meeds to be made more explicit, theve-
fore, and the precision with which pilots car use direct esti mates ol ferm
ratio to gauge the 3ccur1cy of their apvroach angle needs to be assersed.

' Form ratic can be calculated for a pmticular approach angle and runway
with the aquation: . ‘ >

; L.t
F3=n'me(w), (1)

vhere FR is form ratio, tan 8 is the tangent of the apuroach angle, L is the
physical length of the runway, and 4 is. the physical width »f the ruuway.
Length and width of the runway would be datermined at nl aut v the edge and
end lights. This formuls is a very close approximation to the exact value of
form ratio and will Eyp1ca11y no:ibe in error more than O . percent at an

approach angle of 3%, 0.5 per- ent lat an apprcach angle of #9. or (.5 percent
at an approach angle of 10.0° ege stimulus errors are very cmajl rvelstive
to the magnitude of varlablllty mh.ch is typical in nerceptual judgments.
1
Form ratio could also be defzned as the rr_io of height to near-end width
in the image of the runvay. In tﬁ1s case, with a constant imgle of spproact
to the runway threshold, form ratﬂo would vary linearly with spproach angle at
a given distance, but would also vary with distance as would the linear
perspective cue and the cue 1nv01v1n3 height of the runway in the visual field
The form ratio cue so defined would, however remain invariant over distance
with a constant angle of approach ‘to the far end of the runway. On a
theoretical basis, the definition of form ratio in terms of the height to
far-end-width ratio is likely to be nf greater utility since the airc<aft must
Tand near the runway threshold. | ?
: |
To the extent that form ratio (defined an the height to far-Eﬁd-wtdth
ratic) might be estimated accurately, it could serve to slmpley the judgment
|

.
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of approach angle by making more concrete the concept of the correct approach
angle's "appearance"--something that pilots are usvally not able to
‘verbalize. It might also be of special value in approaching an unfamiliar
runway 1f the runway length. width, and geographical slant were known since
the appreosriate form ratio could be easily calculated in advance. However,
as merntioned above, it is not koown whether form ratxo can be Judged wi'n
sufficient accuracy to serve as a substitute for the "appearance" judgment of
approach angle. There are at least tuo theoretical reasons for expecting
arrore in the perception of form ratio. These involve the fact that the
observer does not have direct access to measurements of the images on his
ratina. The observer nst rely ot t':e perceived relative size of parts of
the runway to determine perceived form tatso. Terceptual errors in esti-
matine this ratio mighL be expected as “he resilt of the perceptual
pheaome..on termed "shape constancy' (6,7), and the vertical-horizontal illu-
sion (13,21). - Shape constancy refers to the tendency for slanted surfaces to
be perceived to have a shape which correspinds te their physical (real) shape
rather than to their retinal image shape (tie slanted shape on the retinal
image) to the extent that cues to their true shape are present., For example,
riven the right cues, a slanted square which has a trapezoidal retinal image
shape will still be perceived us a square. To the extent that cues about
real shape are absent, perceived shape wil! tend to approach retinal image
shape, and shape constancy is ssid to dec-ease. The monocular '"depth" cues
-g~monly thougnt to be important in judgir g approach angle are known to affect
shape constancy also. Shdpﬁ constancy might affect form ratic, by increasing
the perceived hejght term in Fquation ! to the extent that observers confuse
image height with apparent runway iength. Projective or analytic inftrue-
tions which ask the observer t. ignore depth in the figure would be expected
to counteract shape constancy to some «xtent (6),

Th~ vertical-ncrizontal illusion sefers to the teudency for the size of
vertical ubjects in the visual field to be overestimated relative to the size
of norizontally oricnt:d objects of the same proximal stimulus size. The
vertical-horizontal iilusion would, ike shape constancy, cause the height of
the runway image tu be coverestimated relative to the ﬁarizontally oriented
image of the far end. This effect would, however, be expected to be less
than 10 percent (21). Form ratio might be used as a method of estimating
approact, angle ever i€ systemavic, but constant, errors occurred as long as
variability was not t.o great. Couxpensation for constant errors in a
particular observer rovl< be accompiished by empirically measuring the
perceived form ratiec assoclated with the correct appreach angle for that
individual rather than using the theoretically computed value. This would be
equivalent to the process mentioned by Lanpewiesche of an individual pilot's
rewembering . . . the particular perspective that goes with his ship's
particular gliding angle.”

‘ 0f additicnal interest is the possibility that the concept of form ratio
may offer a simple technique to the pilot for generalizins his experichce
from land’gs on ordinary level runways to gedgraphically sloped runways.
Form ratio for a sloped runway would be calculated by adding the slope anglz

v
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to the desired approach angle (8 in Equation 1) before the calculation, In
the case of an upsloped runway, the slope to be added would have a positive
value and in the case of a downsloped runway, it would have a negative value.

The geometric simplicity of form ratio and ita potential for integrating
informatioa regarding approach angle, distance from the runway, variation in
rurnway length and width, and geographical slope make it desirable to explore
the ability of pilots to estimate form ratio and the range of condicions in
which such judgmente might be useful.

AlthoLgh direct judgments of form ratic in the runway image have not been
studied previously, related judgments have been studied which involved the
apparent 'shape of specially designed runway markings. Two field studies
required.-lpilots to fly day approaches such that special markings painted on
the runway. appeared to have equal length and width., The markings used
{diamonds, elipses, or rectangles) were designed to have equal height and
width in the retinal image at specified approach angles (3,10). Both experi-
nments found approaches flown in the daytime were similar, with and without
pilot estimates of form ratio in the special runway markings—-with regard both
to the mean approach angles generated and to variability. Since approach
angles generated without form ratio estimates were very close to the desired
val@es, these experiments did not provide an optimal test of tl 2 utility of
form ratio in correcting for constant errors, The experiment by Browr et al.
did demoustrate that form ratio estimates were ineffective in increasing
stability of daytime approaches over terrain which provided a rich sourne of
vishal information in addition to the form ratio target. As these authors
suggested, the crucial test should occur in a situation involving reduced
visual cues such as in apgproaches over water, desert, or at night--situations
whicii are associated with high accident rates and visual illusiops.' Brown
et al. also demcnstrated that form ratio was overestimated in full cue
approach situations in which observers were told to judge "length" of the
markings relative to "width." It is possible that had pilots been instructed
‘to judge "height" in tt~ image (projective imstructionsj 4,5) relative to
width, the overestimation might have been less than the 67 percent which
Boown et al. reperted. Zurinskas (32) observed 31 percent overestimation of
sorm ratin in diamond runway centerline markings under simulated righttime
conditions which did not include runway edge lighting. The gregter overesti-
mation in daytzme conditions would presumably be the result of greater shape
constancy in & full cue situation due to greater visual information. It

should be noted that, like Brown et al., Zurinskas apparently did not attempt
to induee a projective set in his observers, The difference iu form ratio
judgments as a funclion of visual information does suggest that a form ratio
criterion might not generalize to different gituations in which the amount of
1ze constancy would vary. However, it should be pointed out that as visual
ymation is reduced, shape constancy ‘should decrease and the perceptioun of
+atio should become more accurate. It is under conditions of redung
ien that help in judging approach angle is most needed. Zurinskas'
had pilots and nonpilots estimate form ratio in a dizmond on a
nway under nxghtt1me conditions. The estimations of pilots and
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nonpilots did aot differ.- Although Zurinskas concluded that variability
between subjects observed in these estimations was too high for form ratio
judgments to be usefvl, he did mot include a control condition in which
pilots made judgments of approach angle using normal nighttime cues. There-'
fore, the utility of form ratie in reducing either constant or variable
errers cannot be decided on the basis of his data.

Two experiments are presented here to explore the ability of pilots to
rake direct judgments of form ratio in the runway image and to reexamine
judgments of approach angle in the nighttime approach situation where only
runway lights are visible, a situation often referred to as the "black hole."”
These experiments (i) provide further data on ability to Judge approach angle
at night with an unfamiliar runway and (ii) permit comparison of judgments of
approach angle and form ratio with regard to identification and diserimina=-

tion of simulated approach angles in the critical. nlghttlme approach
situation.
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CHAPTER I1I

EXPERIMENT I

Introduction.

The abilities of pilots to judge (i) form ratios in the runway image and
(ii) simulated approach angles were compared using a stationary runway model
to s1mu1ate a wide range of apprcach angles and form vatios. Subjects made
estxmatlova of form ratio and category judgments of approach angle magnitude.
The catego#1es of "high," "low," and "OK" which the pilot uses many times
during each approach to landlng were used for these judgments of angle
magnitude,’

Since the task of judging form ratio required subjects to look at the
scere as a picture ("projective" shape instructions) it was hypothesized that
form ratio judgments might affect perceived orientation of the runway
(increasing apparent slant toward a vertical orientatior} and thereby affect
judgments of approach angle, To evaluate this possibiliiy, category judgments
("high\" "low," and "OK") of approach angle were made together with form ratio
estimates on half the trials while, during the other half, category judgments
of approach angle were made together with estimates of approach angle in
degrees.  The latter estimates were rvequired to induce observers to look at
the runway as a slanted surface in order to assess possible effects of the
"projective" set which might be carri:zd over when prior trials involved
judgments of form ratio (a seguence which occurred for half the subjects).

Method.

Subjects. Sixteen pilots (13 males, 3 females) served as subjects. Their
ages ranged from 21 to 44 years and all had at least 20/20 acuity with
correction, if necessary. Their flying experience ranged from 170 to 9,000
hours with a mean of 2,294 hours and a standard deviation 'of 2,480 hours.

Apparatus., The apparatus has been described in detail previously (24) and
is shown schematically in Figure 3. The runway model (R) was the same as that
used in two previous studies (25,26). The mod=1 simulated the lighting of a
170- by 6,000-ft runway with centerline, touchdown zone, and an ALSF-2 approach
lighting system without sequenced strobe lights. The center of the model (F)
could be moved toward the observation point (0) along an apparent path Q)
such that the center of the model was always at a constant viewing angle
(B=3°) below the straight-ahead direction (H) in the visual field, Two
mirrors (Ml and M2) were used to produce the 3° viewing angle. The slant of
the model runway (8) was varied by rotatiom in the vertical plane and was
measured as the angle between the .runway surface and the line-of-sight to the
center of the touchdown zone. Absolute values of model slant were measure#
with accuracy to the nearest 0.1°. Differences between settings of model
slant were measured accurate to the nearest 0.01°, The model was at a fixed
simulated viewing distance of 8,000 ft from threshold. Only runway and
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Figure 3, Schematic diagram of apparatus (Al and A2, remov-
able targets for aligning optical system; Bl and BZ,
baffles; C, cart; ¥, rotation axis; H, horizomntal
line of sight; Ml and M2, mirrors; 0, eye position;
Pl, P2, P3, segments of the optical axis; Q,
apparent axis of radial motion; R, runway model;
T, track; B, viewing angle; €, model slant).

|

approach lights were visible inltbe scene. - The intensity of these lights was
adjusted (and then set permanently) to appear subjectively realistic to two
highly experienced commercial pilots who did not otherwise participate in the
experiment. Viewing was monocular through a 12-mm aperture. to eliminate
binocular disparity which is not normally an effective cue during approaches.
to landing (27). Subjects sat in an enclosed booth during experimental
observations. A chin and headrest were used to position and steady the
subject's head during observations.

I}

Experimental stimuli comprised a series of 36 values of simulated angles
of approach to the center of theé touchdown zone ranging from 0.25° to 9.00°
in steps of 0.25%., Corresponding simulated angles of approach to threshold
were from 0.3° to 10.7° at equal intervals, or steps; of 0.29°, Form ratios,
the actual ratios of height to far-end width in the runway image varied*from
0.18 to 6.54 in the stimulus series.

i

12

£

. I T N
R L - o & Wl



Procedure.
Responses, Subjects made three types of responses:

1. Estimations of Form Ratio. These judgments concerned the subject's
perception of that aspect of runway image shape called form ratio, i.e., the
ratio of height in the runway image, from threshold up to the far end, to the’
image width of the far end. Subjects were asked to judge the number of times
the far end image width would have to be multiplied in order te make it

appear equal in size to the height of the runway. Estimates were written om a
response sheet by the subject at the end of each trial ‘and subjects.were told
to use fractions of a ratio unit for greater precision when they felt that it
was appropriate. Imstructions attempted to induce "projective' or "amalytic"
judgments of image shape, in the language of Carlson (4,5); rather than
judgments of "phenomenal" or physical shape of the runway. The projective set
was induced with the following instruction: -"As you look at the runway model,
imagine that the field-of-view is a scene ift a picture or photograph. Every
image is fixed in size., If you were to cut the fixed image of the runway out,
what would the ratio be of runway height to far—end width if you actually

' measured these dimensions in the cutout runway image?' This instruction was
adapted from Epstein, Bontrager, and Pavk (7)., For illustrative purposes,
subjects were asked to make oral judgments of form ratio in two photographs of
the runway model. Form ratios in those photographs were approximately 1:1 and
3:1. No feedback was given to the subject's responses either during the
instruction period or during test trials.

2. Cztegory Judgments of Approach Angle. These responses involved verbal
judgments of approach angle in terms of the catepories "low,™ "OK“ (or
acceptable)}, and "high.” The acceptable or "OK" category was defined by
instructions as meaning that the simulatel approsch sngle was within the range
of approach angles acceptable to insure a safe "landing." The categories
"high" and "low" were defined as meaning that an altitude correction was
required to get within the envelope of acceptable approach angles. Duaring the
formal experiment, category responses were written on the response sheet at
the end of each trial.

3. Magnitude Estimations of Approach Angle. These responses required
subjects to make estimates of the actual physical magnitude of the simulated
approach angles in degrees and/or fractions of a degree as accurately as
possible. Responses were written on the resporse sheet at the end of each
trial, ' :

Bxperimental Conditions. Eash subject was given a total of 144 trials,
two blocks of 36 trials in-each of two conditions. The two conditions were
the Form Ratio Condition and the Angle Condition. In each block of trials the
36 values of sigulated approach angles in the stimulus series were presented
once in random order. Both blocks of trials in one condition were given 4
before the trials of the next condition were begun. The three kinds of
responses described above were administered in the two experimental conditions
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as follows: In the Form Ratio Condition, subjects judged whether the simu-
lated approach angle appeared: to be "high," "low," or "OK" and also judged
the (form) ratio of height to far-end width in the runway image on each
trial. In the Angle Condition, subjects again made category judgments of
appreach angle, but then estimated magnitude of the simulated approach angle
instead of the form ratio. The order in which these two conditions was
presented was counterbalanced over subjects. Suybjects were given a 5-min
break betwsen the two blocks of trials in each condition and a 10-min break
between conditions. Before test trials were begun in each condition, 15
pract1be trials were given with stimuli - ‘randomly selected from the stimulus
gseries! for each subject.

A Lrlef tone alerted the subject at the start of each trial and the dim
overhe?d light in the booth went out. Two seconds later the lights of the
runway model came on and were visible for 10 seconds during which the subject
judged 'whether the simulated approagch angle was "high," "low," or "OK' and
then estimated either form ratio in the runway image or the magnitude of the
simulated apprecach angle in degreed. When the lights of the model went out

after 10 seconds, the booth light came on and the subject had 20 seconds to
write down his/her responses. During the 20-s... response period between
trxals; the simulated approach angle was changed by the experimenter in
preparation for the next trial. A white noise was presented for the entire
20-s  response period to mask the noise of the motor used to control simu-
lated approach angle, Approximately 2 seconds aftev the noise ceased, the
next trial was begun. Each block of 36 trials took approximately 18 min and
the entire experimental session lasted about 2 h,

Results.

Form Ratio Fstimations. The relation of judged (perceived) form ratios
to stimulus (actual) form ratios that occurred as a function of varying simu-
lated approach angles is shown in Figure 4. The mean, the median, and the
range of responses to each stimulus value are. shown. The dashed line repre-
seals the function that would be obtained if perceived ratios were identical
to sctual ratios. Means and medians of responses are in close agreement and
indicate overestimation of stimulus form ratio throughout the stimulus range.
The amount. of overestimation decreases relative to the stimulus value over
the range of stimuli presented. Variability in the range of responses
(Figure 4) increases with stimulus magnitude. The high and low values
plotted in Figure 4 represent the highest and lowest est1mat1ods produced by
any subject at each stimulus value and, therefore, confound intrasubject and
intersubject sources of variability. These two kinds of varighility are
shown sepavately in Figure 5. Intrasubject variability in redponses to each
stimulus was measured by determining for a particular subject the difference
between the two responses to each stimulus. The root mean square difference
for the 16 subjects was then calculated for each stimulus value and is “shown
in Figure 5. Intersubject variability was measured by averaging the two form
ratio responses of each subject to each stimulus and calculating the standard
deviation of these values over the 16 subjects.
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Figure 4. Estimates of form ratio as a function of stimulus -
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Figure 5. Intrasubject (root mean sguare) and intersubject (standard devia-
tion) variability in estimates of form ratio as a function of
stimulus form ratio.

In Figure 6 these data have been plotted as a ratie of the two
(perceived and actual) ratios. The ratioc of peérceived form ratio to actual
form ratio is 2 positively accelerated, decreasing function of stimulus
magnitude, but when such ratios (i.e. of perceived to actual form ratio) are
plotted as a function of linear perspective in the runway image, as in
Figure 6, form ratio response errors are shown to decrease directly as
linear perspective increases. Linear perspective (angle B in Figure 2) is

defined here as the angle in the retinal image between runway edge and near
end lights. : :

Egsegozx Judgﬁenta of Approsch Angle. The probability of responses in the
catezories 'high," "OK," and "low"' as a function of actual (simulated)

approach angles to runway threghold s shown in Figure 7. The threshold

(p=.5) for "OK" in the group's responses was at a simulated approach angle of
1.65° and the threehold for "high" was at 5.0°. "OK" was the most frequently
occurring response to simulated zpproach angles between those values. Note
also that "OK" responses occurred with simulated approach angles as low as

0.9% and as high as 10.4%, "Low" responses occurred at simulated approach
angles as high as 5.35° and "high" responses occurred at simulated approach
angles as low as 2.1°%. Although such category judgments are thought to be
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Figure 6. Ratio of both estimated form ratio to stimulus
form ratio and estimated approach angle ia
degrees to simulated approach angle as a function
of linear perspective in the runway image.

"natural”™ to pilots, considerable variability is manifest. The mean stimulus
value judged "NK" was 3.4°; the median was 2.85°, This reflects the positive
gskew of the distribution of the "OK'" catepory.

Comparison of Form Ratio and Approach Angle Responses. Compdrisons can
be made of form ratlio estimates and category judgments of simulated approach
angle by using a method operationally similar to the method of successive
categories (14,23). In this method data are plotted in terms of the <+
probability of response as a function of stimulus magnitude. Probability in
this context refers to the relative frequency of a category ("low," "OK," or
‘high"), or 4 numeral in the case of form ratio estimates, equal to or greater
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Figure 7.| Probability of responses in the. categories "High,"
"OK," and "Low" as a function of simulated approach

angle.

“than a certain value. It should be noted that this method is usually applied
to determine response thresholds and response var1ab111ty in the data of an
‘1nd1v1dual observer in a psychophysical experiment; in the present applica-
tion, group perfomance is measured by combining responges of all subjects
and treating them in the same manner as data from a single subject. Indices
“ of thresholds and variability regulting from this analysis, therefore, refer -
% to group performance. In the resulting psychometric functions, "threshold"
'for & response category is P(R)=0.5. The stope of the function or the rate

t which the probability of a response increases with stimulus magnitude is a
easure of stimulus discrimination.’ The more rupidly the probability of a
esponse increases as & function of an increase in stimulus magnitude, the

re acute discrimination is. These psychometric functions are shown for
iategory judgments of approach angle and estimates of form ratio in Figures 8
nd 9, respectively. 1In general.psychometric functions for response cate-—
yvies of greater magnitude show a shallower slope. That is, in these
Jubjects as response magnitude increases, the discriminability of stimuli
ereases. The difference between stimulus values associated with response
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Figure 8. Probability of a category response equal to or

greater than "OK" as a function of simulated
approach angle.

probabilities of 0.25 and 0.753, or the interquartile range in each of the
psychometric functions in these figures, can be obtained as a measure of
discriminability. The psychometric functions for "high" responses and "OK"
responses are rhown in Figures 7 and 8, respectively. Psychometric functions
for form ratio responses 1.0 through 6.0 are shown in Figure.9. Thresholds
and corresponding interquartile ranges were derived from the above functions
for the categories '"OK" and "high" and the form ratio responses 2.0, 3.0, 4.0,
nd 5.0, Interquartile range is plotted as a function of threshold for both
pategory and form ratio judgments in Figure 10. These graphs show that, for
@ given threshold value, the lowest interquartile range values were obtained
pith category judgments of approach angle; range values for form ratio
‘gstimates were sliphtly but consistently higher. Category judgments of

proach angle were, therefore, slightly less variable than estimates of form
atio. With both types of responses, the interquartile range increases as a,
function of the stimulus magnitude at response threshoeld.

Magnitude Estimations of Approach Angle. The relation of estimates of
#pproach angle in degrees to actual (simulated) approach angle is shown in
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Figure 9. "Probability of a form ratio response equal to or
greater than numerical values from 1 to 6 as a function
of simulated approach angle.

i

Figure 11. Both the mean and median of estimated approach angles are
plotted as a function of actual approach angle along with the extreme
responses (highest and lowest) that occurred at each stimulus magnitude.
Although the means and medians are in fairly close agreement at lower
values of simulated approach angle, the distributions of responses to each
stimulus tended to be positively skewed, with means becoming increasingly
greater than median responses as stimulus magnitude increased. Both
measures indicate lowest errors in the vicinity of the 3% actual approach
angle, overestimation at values less than 3%, and underestimation of the
actual approach angle at stimulus values greater than approximately 3.5°.
It should be noted in Figure 1l that actual approach angles as low as 0.9°
and as high as 10° produced a response of 39, Although constant errors are
least at a stimulus value of 30, the range of estimated approach angles does
not seem to be less at this stimulus value..

Indices of intrasubject and intersubject variability in estiviates of
approach angles were calculated in the same manner as in the case of form
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Figure 12. Intrasubject (root medn square) and intersubject
(standard desiation) variability in estimates of
approach angle in degrees as a function of simu-
lated approach angle.

'
ratioc estimates. Intrasubject and intersubject variability of responses
gunerally increases with magnitude of stimuli as shown in Figure 12, Features
of interest in these curves are the suggestion of a locsl minimum 'in the curve
for intrasubject variability betwoen 2° and 3° actual approach angles, and
the increase in slope of the intersubject variability function at about 4°,
The positive identification of these features is compllcated however, by the
irregularity apparent in all parts of these curves.

Probability of response functions similar to those provided earlier for
form ratio estimations were prepared for approach angle estimations but are
not presented here for sake of brevity since angle estimatiohs are not of
primary interest. In general, the discrimination of stimuli evident in angle
estimates was loss than with either category judgments of approach angles or
form ratio estimation as shown by 1n'erquart11e ranges of plychometrlc

functions in Figure 10.
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0.

The relation of estimates of approach angle in degrees to estimates of
form ratio is shown in Figure 13. For each value of simulated approach angle,
mean estimated approach angle is plotted as & function of mean estimated form
ratio. Thz true relation of approach angle to form ratio is shown by the
dashed line. The observed relacion of estimated =pproach angle to estimated
form ratio was approximately linear, but falls below the true relatiom.
Variability in the relation increases with response magnitude.

Effect of Form Ratioc Estimations on Catepgory Judgments of Approach,Angle.
The gquestion of whether the "projective" set for the form ratio estimations
would cause category judgments of approach angle to occur at lower actual
angles ¢f approach than in the angle estimation condition was tested by
comparing stimulus values of actual approach angles which were judged “OK" in
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|
the two conditions. Calculations were made of the mean, the median, the low,

and the range of actual approach angles judged "acceptable” by each subject
in each of the two conditions. The average of each of these statistics is
shown for both experimental conditions in Table 1.
TABLE 1. The Averages in Degrees of the Mean, Median, Low, and
Range of Simulated Approach Angles Judged "OK" by an

Individual Subject on Both Approach Angle Estimation

|

[

r: and Form Ratio Estimation Trials
|

\

; Angle ' Form Ratio
] Estimation Estimation
L étatistic Trials Trials Difference
= Mean 3.56 3.43 0.13
2K i iMedian 3.49 3.36 0.12
3 Low 1.56 _ 1.66 ~0.10
Range 4.58 L 4,17 0.41

;

The mean actual approach angle judged "OK" averaged 0.13° higher in the
Angle Condition than in the Form Ratio Condifrion. This difference was not
statistically significant, nor were the median, lowest value, or range of
E.- stimuli judged "OK" significantly different in the two conditions as deter-

E . mined by independent t tests. The 0.13° difference in stimuli judged "OK" in
the two conditions is extremely smail relative to the mean range cf stimuli
judged acceptable by individual subjects and is on the order of m%gnitude of
error inherent in the apparatus for measuring simulated approach dngle (0.19).
Estimations of form ratio, therefore, had no effect on category jddgments of
approach angle made on the same trials.

Discussion.

The present experiment did not provide feedback to pilots concerning the
accuracy of their responses. The approach angle judgments in'thd present
study were analogous, therefore, to judgments of an unfamiliar runway as
would be the case the first time a pilot landed at a strange airport. The
most important finding was that such judgments of approach angle were
extremely variable. Simulated approach angles from 0.9° to 10.09 elicited at
least one "OK" response in the group of subjects and the average range of
angles judged "OK" by an individual was greater than 4°. These findings*
suggest that ability to judge approach angle is limited when the only cues
available are size cues and shape cues in the runway image. This finding of
great variability both between subjects and within the performance of an
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individual indigates the need for further study of the generalization of
visual experienée from one approach-to-landing situation to unfamiliar runway
situations, espécially when the unfamiliar runway involves the nighttime

“black hole" situation.

Estimations of form ratio as well as category judgments of approach angle
exhibited considerable variability, botn within the responses of an individual
and between subjects. Category judgments:showed slightly less variability
and, consequently, somewhat more precise discrimination of approach angles
than did form ratio estimations, as indicated by a comparison of these two
types of judgments in terms of interquartile range in the psychometric
functions relating probability of response greater than or equal to particular
values. This finding does not support the utility of estimates of form ratio
as a supplement ifor judgments of approach angle, in agreement with the
findings of Brown et al. (3) as previously discussed. It should be noted,
however, that observers in the present study had no prescribed training in
estimating form ratios. Such training might reduce both intrasubject and
intersubject variability. While intersubject variability might be reduced by
training, it could also be compensated for by utilizing knowledge of
idiosyncracies in psychophysical functions relating perceived form ratios to
actual approach kngles. Separately determining for each subject the form
ratio value assopiated with the desired approach angle for a particular

runway is such alcompensation technique and it is identical to the procedure
which Langewiesche (22) and Wulfeck et al. (31) deacribed for adjustment to a.
nev runway. Although ‘the present data do not support the utility of form
ratio estimates g8 @ supplement to approach angle judgments, they do
demonstrate that estimates of form ratio do not affect judgments of approach
angle made at the same time. It is important that this be the case if form
ratio estimates #re to have any value. Category judgments of approach angle
in terms of "high,” "OK," or "low,'" the conventional pilet's judgment would,
therefore, be available as a check on approach angle judgments based on form
ratio estimates, L .

Overestimation of both perLeived form ratio and approach angle (in
degrees) was a linear function!of linear perspective in the runway image such
that overestimation increased as simulated approach angle decreased. As the
above relations require, estimated approach angle was a linear function of
estimated form ratio. Although this does not imply a causal relation between
these attributes, it does indidate that possibility and that they are a
function of similar variables.’ Linear perspective in particular is indicated
as an important cue in the determination of both responses. The possibility
that form ratio is used unconsciously as a cue for judgment of approach was
not at issue in the present experiment, but future research should attempt to
determine the importance of both stimulis form ratio in the runway image and
apparent form ratio as determinants of approach angle judgments. The preseat
findings indicate chat direct estimates of form ratio cannot supplemsmt judg-
ments of approach angle, but if apparent form ratio is a cue for judging
approach angle, variability in approach angle judgments may be "explained" as
due to variability in percertion of form ratio. :
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From the data shown in Figure 11, it would be predicted that, if pilots
were asked to produce a 3° approach angle, their average respomse would
result in a 2.6° approach angle to threshold. This contrasts with data of a
previous experiment (26) involving & task in which pilot- attempted to adjust
the modei runway to produce a 3° approach angle. In that earlier experiment,
a simulated approach angle of 1.5% measured to the center of the touchdown
zone, wes judged to be 3° on the average. That corresponds to an angle to
threshold of approximately 1.7° which is substantially less than the above
prediction based on present data. Thus, the following experiment reexamines

responses of pilots in a dynamic task requiring them to produce a 30
approach angle. '
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CHAPTER III

EXPERIMENT IT

Introduction.

The previous experiment examined constant and variable errors in estima-
tions of form ratic and category judgments of approach angle at one simulated
distance from ruiway threshold. This present experiment was designed
primarily to investipgate how those functions would vary with distance from
threshold. It also sought to compare verbal estimation responses in the
static (stationary) condition with "production"” responses made under more
realistic dynamic conditions in which the model was moving and observers
contrclled the slant of the model (i) to produce particular values of form
ratio (1.0, 2.0, and 3.0), or (ii) to produce a 3° approach angle. For a.
Tunway With the dimensions of the present model, tte form ratio of 2.0, if
produced accurately, would give a generated approach angle of 3.249,
Pexrformance in 39 approach angle and 2.0 form r2uio production tasks were
compared regarding constant and variable errcrs.

Estimates of approach angle in degrees obtained in Experiment I would
predict that, if asked to produce a 3° approach angle, pilots would actually
produce a 2.6° simulated appiréach angle on the average. As mentioned above,
that prediction conflicts with findings of a previous study (26) in which
pilots produced a simulated approach anglé to threshold of approximately 1.7
when instructed to produce a 3° appraach angle. This difference might be
gttributed to the fact that pilots in that earlier experiment had partici-
pated in another task prior to trials on which they adjusted the model to
produce a 3% approach angle. That earlier study (26) involved adjusting the
model runway to appear horizental, i.e., parallel to the ground. The model
appeared horizontal, or the average, at a simulated approach angle of
approximately 1° and pilots typically never saw the model at a simulated .
approach angle higher than 3°. 1t is possible that prior exposure to a small
range of low simulated approach sngles affected the criterion of pilots in
the subsequent trials of the 3° production task in that previous study (26).
A possible mechanism for such an effect is suggested by adaptation level
theory (18). 7The perceptual magnitude 6f any stimulus, e.g., a particular
angle of approach, is determined by its relation to the adaptation level,
which is a weighted average of all previous stimuli experienced. Viewing low
approach angles would lower adaptation level. 1If the criterion for a
desirable approach angle was near the adaptation level, responses in the 3°
production task would be lowered foliowing the horizontal adjustment trials
in the earlier experiment. To test this possibility, half the siibjecus of
the present experiment made 3° production responses without prior performance
of any task and the other half made 3° production responses following trials
on which form ratio was estimated over a wide range of -simulated approach
angles. It was predicted that, when 3° production responses wers obtained
first, the average generated approach angle would be (i) greater than that
observed in the previous experiment but (ii) less than ip the condition in
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which the model was seen over a wide range of simulated approach angles as
high as 7° prior to the 3° production task. ’

Method.
sdethoo .
Subjects. Twenty male pilots served as subjects. Their ages ranged from
26 to 585years and all had at least 20/20 acuity with correction, if
necessary. Their .flying experience ranged from 305 to 10,000 hours with a
mean of 2,774 hours and a standard deviation of 2,177 hours. All pilote had
an instrument rating. :

Apparatus. The model and apparatus were identical to that used in
Experiment I. ‘

Proceduredy o

Static Trials.| On all static trials, subjects again made category judg-
ments of actual approach angles to the model runway and estimated form ratios.
Estimations of approach angle in degrees were not made at any time during
static trials of this experiment. The procedure for static trials was
identical to that.in Experiment I with the exceptions that observations were
made at two simulaﬁed distances from threshold, 8,000 ft and 26,000 ft,and

an abbreviated set lof zpproach angles was used,

At both 8,000 At and 26,000 ft simulated distances, approach angles to the
middle of the touchdown zone varied from €.5° to 6.0° in steps of 0.5°. At
the near distance this corresponded to 12 approach angles to threshold from
0.59° to 7.12° in equal steps of 0.594%. Actual form ratios in the stimulus
geries for the near| distance ranged from 0.37 to 4.38. At the far distance
the corresponding approach angles to threshold ranged from 0,53° to 6.35° in
equal steps of 0.529”. Actual form ratios in the stimulus series for the far
distance ranged from 0.33 to 3.9q. Simulated distance ﬁgs varied in five
blocks of trials in: two orders, AABBA and BBAAB, Order of distance presenta-
tion was counterbalanced by randomly assigning each of the two orders to half
the subjects. Each block of triale consisted of 12 trials in which each of
the 12 approach angles appropriate for the particular distance was presented .
once in random order. The first ﬁlock of trials was for practice purposes

and these Jdata were not analyzed.'

Dynamic Trials. On dynamic tiials, the subject controlled the angle of
approach to make the form ratio of the model runway appear to be either 1.0,
2.0, or 3.0, i.e., to make the apparent height in the image either equal to,

2 times, or 3 times the apparent width of the image of the far end of the
runway. Instructions used the same definition of form.ratio given in
Experiment I. Each ratio was produced three times, each time with theé model
at a different slant at the start of the trial. The starting argles used

with each ratio criterion were -1.09, 0.0°, and 1.0°9 from the simulated
approach angle producing the stimulus form ratio specified by the response
criterion. Two practice trials preceded test trials in the dynamic condition.
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The nine combinations of three starting slants and three ratio criteria were
presented in random order.

3° Approach Angle Production Task. Subjects were given six trials on
which they were asked to control the model '. . . in order to make the runway
look like a runway does on a 3° glide path during aw approach to landing."
On 3° criterion trials, two starting approach angles were used, 0.59 and 3.0°,
in order to make this condition comparable to that of an earlier study (26).
should be noted that, in 'the dynamic condition of that earlier study (26),
there was no significant effect of starting angle on the 3° Production task
when the same psychophysical method used in the present experiment was
involved. Starting angle was counterbalanced over subjects by assigning each
of the orders ABBAAB and BAABBA to half the subjects. The first two trials
were practice and those data were not used in the analysis.

The three types cof trials were presented in two orders: The first order
presented to half the subjects was (i) 3° Production, (ii) Form Ratio
Production, and (iii) Static Trials. The other order was (i) Static Trials,

. (ii) Form Ratio Production, and (iii) 3° Production. On dynamic trials in
both the Form Ratio Production and the 30 Production cenditions, the model
was alrsays visible as it apprbached over the range of simulated distances
from 26,000 ft to 8,000 ft from threshold. The simulated approach speed in
all dynamic trials was 125 knots. The subject controlled either the apparent

approach angle or apparent form ratio by a medified method of adjustment, The

model was constantly rotating in the vertical plane as it approached the
subject Auring experimental trials. The subject's task was to control the
direction of rotation either to make the model look like a yumway does on a
30 approach or to produce a particular form ratio on the rumway image. Each
time the model appeared to be rotating away from the desired response
criterion the subject was instructed to reverse the dLrectlon of rotation to
meke the model rotate back toward the orientation at which it appeared to
match the perceptual criterion. During adjustmentg in both static and
dynamic conditions, the model rotated 1n the vertical plane at a rate of
10°/minute.

Results,

Static Condition. The relation of perceived form ratio to actual form
ratio at the simulated distances of 8,000 ft and 26,000 €t from runway
threshold is shown in Figures 14 and 15, respectively., The functions relating
mean and median responses to actual form ratio are in c¢lose agreement as in
the data of Experiment I. Overestimation is slightly less, however, over the
entire range of stimulus values at the farther simulated distance. Inter—
subject variability measured in terms of the standard deviation of indivilual
means is shown as a function of actual (stimulus) form ratio for both simu-
lated distances in Figure 16. Intersubject variability was only slightly
higher at the near distance. Intrasubject variability, shown in Figure 17,
was measured in terms of the root mesn square difference between the two
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Figure 14. Estimates of form ratio in static trials as a
function of stimulus form ratio at the near
(8,000 ftr) distance. I
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Figure 17. Intrasubject (root mean square) variability in estimates of form
ratio in static trials as a function of stimulus foim ratio at
both near (8,000 £t) and far (26,000 ft) distances.

responses by each subject to each -stimulus. No consistent effects of
distance are notable with the exception that the increase im 1ntrasub3ect wlth
actual form ratio is somewhat more erratic at the near: distance.

The probability of category judgment responses in- the categories '"high,"
"low," and "OK" for the combined responses of the group is shown as a function
of approach angles for both simulated distances in Figures 18 and 19. The
threshold (p=0.5) for "OK" was at an approach angle of about 1.87 and the
threshold for "high" was about 4.0% at both near and far distances. At both
distances, one "OK" response each occurred at the lowest approach angle,
0.59° at the near distance and 0.52° at the far distance. HNote that a "high"
response occurred at an approach angle of 1. 2° at the near distance. The mean
approach angle judged "OK" was 3.21° at the near distance and 2.95% at the far
distance. Medians were 2.94° and 2.64° for the near and far distances,
respectively, reflecting the positive skew of the distributions for the "OK"
category shown in Figures 18 and 19. The mean of the lowest stimulus value

judged "OK" by each subject in the group was 1,96° at the near distance and
1.80°% at the far distance. . :
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Figure 18. Probability of response in the categories "High,"
"oK," and "Low" as a function of simulated approach
angle at the near (8,000 fr) distance.
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Probability of a form ratio response equal to or

greater than numerical values 1 through 5 as a
function of simulated approach angle at the near
(8,000 ft) distance.
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Figure 22. Probability of a form ratio response equal to or
greater than numerical values 1 through 5 as a
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Figure 23. Interquartile range as a function of response threshold for
category judgments of approach angle and form ratig judgments.

INTERQUARTILE RANGE

As in Experimént I, form ratlo estimates and category judgments of simu-
lated approach angle are compar d by plotting relatlve frequency of a cate-—
gory ("low," "OK," or "high"), pr a numeral equal’ to or greater than a certain
value in the case of form fat1o!Judgments, as a function of approach angles.
Psychometric functions are shown for "high" and "OK" responsesg in Figures 18,
19, and 20. Psyc“ometrlc functions for form ratio responses 1. .0 through 5.0
are shown in Figuree 21 and 22.;, Thresholds and interquartile ranges were
derived from the above funct:on$ (i) for the categories "0K" and "high" and
(ii) for the responses 2.0 and 3.0 from form ratio data. The 1nterquartlle
ranges are plotted as a functxon of response threshold in Figure 23. There
is a tendency for response variability, as measured by. the interquartile
range, Lo increase as response threshold increases, with the exception of form
ratio responses at the far distance. Response variability is also lower for
a given magnitude of response threshold in form ratio estimates than in
category judgments of approach angle, in contrast to the f1nd1ng of "
Experiment I. !

|
r

Dynamic Condition. Responses for all tasks of the dynamic:ébndiffdﬁ“were
measured -~ontinuously in terms of the generated approach angle to threshold
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Figure 24. Generated approach angle in the dynamic condition as
a function of distance for the three form ratic
production tasks and the 39 approach angle
production task.

throughout each simulated approach as in Experiment I. Generated approach
angles over the distance range of 20,000 fc to 8,000 ft from threshold

were analyzed. Mean genérated approach -angle is shown as a function of
distance for each task in Figure 24 for the specific distances of 8,000,
11,000, 14,000, 17,000, and 20,000 ft from threshold. Since actual form ratio
is related to generated approach angle (for angles up to 109) by the same o
F linear function at all distances, corresponding values of form ratio generated -
3 in these responses can be read on the ordinate at the right side of Figure 24.
. In the 3° Production responses, generated approach angles averaged over all

i
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subjects increase steadily from 1.93° to 2.54% as discance from threshold
decreases. No such effect of distance is observed in Form Ratic Production
responses; both approach angle and form ratio were overestimated in all cases.
In the 3% Productiosn task, approach angle was overestimated by approximately
33 percent. In producing the form ratios of 1.0, 2.0, and 3.0, overestima-
tion of actwval form ratio was approximately 54 percent, 25 percent, and 1%
percent, respectively. TIn the Form Ratio Production task, responses were
consistently about 0.6 ratio unit less than the task criteriom, so overesti-
mation (taken as the ratio of task critevrion to response magnituds) decreased
as criterion magnitude increased. Constant errors, averaged cver distance,
indicate slightly less deviation from a 3° generated approach angle with the
2.0 fo ratio criterion than when subjects actually tried to produce a 3°
approalﬂ angle.

Fot an index of intersubject variability, the standard deviation of
subject means in each task is shown in Figure 25 as a function of distance.
Intersubject variability incrcases with magnitude of the criterion in Form
Ratio Production tasks, and is considerably greater in the 3% Production task
than in the 7.0 Form Ratio Production task. .Intersubject variability in the
3° Production task is almost as great as in the 3.0 Form Ratio task.

!

InﬁraSUOJect variability for the dynamlc condition was measured by caléu-
lating the standard deviation in a subject's responses for a given task over
all trials in each task. The average intrasubject standard deviation is
shown in Figure 26 as a function of distance. In Form Ratio Production tasks,
intrasubject variability increases with form ratio criterion magnitude, but
1ﬁtrasuh3ect variability with the 2.0 Form Ratio criterion was less than in
the 3° Production task only at simulated distances of 11,000 to 8,000 ft

from threshold.

For comparisons of responses in the static condition with fesponses in
the dynamic condition, the approach angles corresponding to estimated form
ratio values of 1.0, 2.0, and 3.0 were obtained for both distances in the
static condition from Figures ls and 15, and plotted as a functien of
distance in Figure 27 along with the average value of approach angles judged
"OK" at each distance. Overestimation of form ratio in these plots of static
data was slightly, but consistently.greater a. the near distance, contrary to
the dynamic condition. However, those approach angles in the gtatic condition
which were associated with estimated form ratios of 1.0, 2.0, and 3.0 predict
the responses of the dynamic condition fairly well with the exception of the
distance effect that occurred in the static condition. The agerage.approach
angle judged "OK" in the static condition is consistently higher by almost 1
than the average approach angle generated in the, dynamic 3% Production task.
In the static situation, the mean simulated approach angle judged “OK" was
higher at the near distance than at the far distance, in agreement with 30
Production responses.

&

Of particular interest is the comparison of-3° Production responses and

the 2.0 Form Ratio Production responses, since the latter would yield a
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Figure 25.
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Intersubject variability (standard deviation) in
the dynamic condition as a function of distance
for the three form ratio production tasks and the
3° approach angle production task.
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Figure 26. Intrasubject variability (standard deviation) in the
dynamic condition as a function of distance for form
ratio production tasks and the 3% approach angle
production task.

similar approach angle (3.24°) if responses were accurate. In Figures 28
and 29, means and medians are presented for both responses as well as the
highest and lowest generated approach angle produced by any subject at each
distance. Although intersubject variability in the. 2.0 Form Ratio
Production task was reduced by 40 percent and intrasubject variability by
27 percent at the distance of 8,000 fr, the lowest generated approach angle
by any subject as shown in Figures 28 and 29 did not differ greatly in 3°
Production and 2.0 Form Ratio tasks. The lower variability in the form
ratio responses ip associated with reduced extreme deviations above the mean
at all distances and smaller extreme deviations below the mean at distances
greater than 11,000 ft from threshold.

Mean generated approach amngles in the 2.0 Form Ratio Production task and
the 3% Production task at the 8,000, 11,000, 14,000, 17,000, and 20,000 ft
distances ware compared in a spllt—plot facrorlal analy31$ of variance,

Order of task presentation (3% first vs. 2.0 first) was the between-groups
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Figure 27. Mean simulated approach angles in the
static condition eliciting form ratio
judgments of 1.0, 2.0, and 3.0 and
the "OK" category of estimated approach
angle. ;

variable; task and distance were the within-group variables. The only

- significant effect was  the main effect of distance (p < .0l). Individual
icemparanns of cell means in that: interaction revealed that generated
 angles were significantly higher in the 2.0 Form Ratio Froduction
imulated distances of 14,000 ft and greater. The main dffect of
found to be'signifICant only in the 3° Production task.
 ‘approach anglea tended to be higher in the su jects given
iret, the effect of order was not s1gn1fzdunt (.05 <p
' :on 3 Pnuduct;on responses will be further

) sub ct s r!lponses over repetitions for g,
uwséd as an indéx of intrasubject
#bility wae analyzed in a .eplit-plot analys1s
»der of task presentation, task, and distance.
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Figure 28.
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Figure 29. Mean, median, and range of responses in the 30
approach angle productlon task.

No significant effects were observed in this analysis. Although intrasubject
variability was lowest at near distances in the 2.0 Form Ratio Production
task, as shown in Figure 26, the effect of task wa: not significant nor was.
the interaction of task with distance. Intrasubject variability was also -

examined using the range of a subject's responses over repetitions in the two - .
g g J P p

tasks. Again, ANOVA revealed no statistically significant effects of task,
d1stance, or order, although the intrasubject range ‘of responses tended to be
less in the 2.0 Form Ratio Production task than in the 3 Product1on task as
shown in Table 2. 4
Intersubiect variability, as mentioned above, was consistently less in the
2.0 Form Ratio Production task than in the 3° Production task. Intersubject
variability is compared in Table 3 in terms of the variance among individual
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TABLE 2. Intrasubject Range of Generated Approach Angles
* in Degrees hs a Function of Distance in the 2.0

Form Ratio and 3° Production Tasks

.

Distance (feet)

Task 8,000 11,000 14,000 17,000 20,000

|
|
[: 10 .95 .875 . 805 . 800 830
l 2.0 .65 . 635 .735 770 ,715

'TABLE 3. Intersubject Variability as Measured by the Variances of
Responses at Five Distances from Threshold in the

2.0 Form Ratio and 3° Production Tasks

Distance {feet)

Task 8,000 11,000 14,000 17,000 20,000 Mean

30 1.105 910 743 .543 403 761
2.0 401 .289 286 .273 277 .305
Ratio  2.756  3.149 2,598 1.989  1.455  2.430

subjects of mean generated approach dngle in the two tasks at each of five
distances. In both tasks intersubject variability increaged as simulated
distance from threshold decreased. Variability of response was consistently
higher in the 3° Production task and the average ratio of variance in that
task to —ariance in the 2,0 Form Ratio Production task is 2.43. Differences
in the magnitude of variances in the two tasks cannot be evaluated by the
conventional F-ratio due to lack of independence of scores in khe tvio tasks.
Statistical comparison of intersubject variability on the 2.0 Form Ratio and
39 Production tasks was, therefore, performed by converting the mean generated
approach angle for a given subject to an absolute deviation fiom the group
mean at each of the following simulated distances from threshold' 8,000,
11,000, 14,000, 17,000, and 20,000 ft. '

s -
A split-plot analysis of variance was used to examine the effects of task
order, task, and distance on this measure of intersubject variability. The

only significant effects were the main effect of distance (p %« .001) and the
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interaction of task with distance (p < .025). As shown in Table 4,

absolute devxat1$ns of individual means from the group mean for a partxcular
task and distance were 60 percent larger, on the average, in the case of

the 3° Production task. This effect of task on intersubject variability
incréased as distance from threshold decreased. Comparisons of individual
means in the interaction of task with distance indicate that intersubject
variability was 51gnlflcant1y less in the 2.0 Form Ratio task at the £,000
ft and 11,000 ft distances.

TABLE 4. AbJolute Deviations in Degrees of Individual Means From the
Group Mean as a Function of Distance in the

2.0 Form Ratio and 3° Production Tasks

Distance (Thousands of feet)
Task -- & 11 .14 17 20 Mean
2o 46 37 .35 .37 40 .39
39 .75 .73 .B3 .54 LA .63

As discussed: above, the 2© Production task was administered in the
present experiment (i) following form ratio Judgments in static and
dynamic trials with half the subjects, and (ii) prior to those form
ratio trials with the other half of subjects. In a previous study (26),
3¢ Production responses were obtained following a series of dynamic trials
on which pilots adjusted the odel to appedy horizontal (parsllel to the
floor). These three treaments, were evaluated regarding effec:s on
generated approach angles in the 3° Production task. Data from the
earlier study (26) were reported in terms of generated approach angles to
the midpoint of the touchdown zone. Generated approach angles to threshold
were calculated from those data for comparison with data of the present
experiment. The mean generated approach angies to threshold are shown 1n
Table 5 as a function of prior experience and distance. Responses
were averaged over each of the two l-mile segments of simulated .
approaches between 20,000 and 8,000 ft from threshold fot this analysis.d
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Generated approzch angles were highest (2.57°)} in the group which had Form
Ratio Production first, next bighest (1.99°) in the group which had the 3°
Production task prior to any oiher task, and lowest (1.72°) in the group from
the earlier experiment which had horizontal adjustment trials firsc. The
regsponses of the three groups were compared statistically in a split-plot
analysis of variance with prior task as the between-groups variable and
distance as the within-group variable. The main effect of prior task was
significant (p < .05) 1s was the main effect of distance (p < .01). The
interacticn of the two variables was not significant. Individual comparisons
of meadns at each distance interval indicated that the mean generaied approach
rngle in the "form ratio first" group was significantly higher than the mean
gencrated approach angle in the "horizontal first" group at both the near (p

< .01) and far (p < .05) distance intervalas. The mean generated appro~ch angle
in the group given the 3° Production task first was intermediate, but was not
significan.ly different from the means of either the "form ratio first" group
or the "horizontal firsc" group. ) '

TABLE 5. Generated Approach Angle in Degrees in the 3° Production

Tesk as a Fufiction of Task Order and Distance

Task Order

. : Form Ratio 3o Horizontal
Distance First Firet Fivst
8,000-14,000 ft 2.76 2,12 1.7L
14,000-20,000 ft 2.38 1.85 1.72

MEAN | - 2,57 1.%9 1.72

Digcussion. ' ‘

. Appreoach Angle Responses. The great variability in judgments of approach
angle in both dynamic and static conditions was the principal finding, as in
Experiment I. Of particular importarnce is the fact that simulated approach
angles as low as 0.5° were judged acceptable for approach to landing in static
trials and angles as low as 0.8° were produced in the 3% task of the dynamic
condition. The importance in the aviation situation of the octasional
acceptance of such extremely low apprc. ~h angles as safe is clear.’ A pilot
only has to crash short of the runway once in his career teo destroy his and
his passengers' lives! This acceptance of dangerously low approach angles in
both static and dynanic cases reinforces previous warnings of limited ability

to judpe approach angle accurately in the nighttime "black hole" situation(?é);'

A

@ o
Although variability of responses was perhaps the most important finding,
constant errors in the dynamic 3° Production task corroborate preévious
findings (26) that angles of approach are overestimated in nighttime
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approaches. - The present study extends this finding to show that the magnitude
of overestimation ig influenced by prior experience in visual tasks performed
with the runway model aad that overestimation increases with distance. The
comparison of responces in the 3% Production task as a function of prior task
performance showed that generated approach zngles tended to be about 0.5°
higher when they followed form ratio estimations than when the 3° Production
task was given first. In contiras:, prior participation in the horizontal
adjustment task of the earlier experiment (26) lowered responses about 0.25°
relaplve to the '"no prior task" condition. Two possible camses of such effects
of prior tasks are suggested Adaptation level theory would predict that the
range of stimuli shown prior to the 3° Production task would affact subse-
quent judgments in the 3° task by its effect on aduntation level as discussed
above. Simply seeing the wide range of angles in the form ratio tasks would
elevphte adaptation level, and exposure to consisterntly low angles of approach
in the horizontal orientation task (26) would lower adaptation level.

Appargnt magnitude of appreach angle would Le judged relative to adaptation
level and, therefore, would shift wich adaptation level. These effects of
prior tasks should be rezzamined., If adaptation level thecory does apply te
the process of judging approach angles, the phenomeron of a shift in
ladaptation level might provide a useful technique for avaluating the
importance of *he possible cues for judging an -approach angle. Cuee such as
linear perspec:ive and form ratic could be varied independently in trials on
which subjects simply observed models at selected values of simulated approach
angle. The magnitude of the effects of their priov experience on responses

in a subsequent 3° Production tusk would indicate the r2lative importance of
the particular cue varied in "adaptation" trials.

A second possible mechanism for effects of prior tasks upon subsecquent
performance in the 3° Production task is responge bias. Response bias might
involve a sequence effect similar to that described by Baird and Noma (1) and
others (19,29} in which a response tends to be assimilated toward the value of
the immediately priov response without awareness of the observer Future
reszarch should attempt to determine it the effect ‘of prior tasks is valid
and, if so, whetker stimuluz effects on adaptation level or response effects
are involved, If effects of prior experience exist based o1 simple exposure
to the runway without feedback, they would suggest an important interaction
between successive approaches. TFor example, a low approach would be
predicted following a previous low approach if negative feedback was not
obtained.

Form Ratio Estimates. Actual form ratio in static and dynamic triale was
overestimated on the average, with the ratio of estimated %n actnal form ratio
decreasing svstematically as actual form ratic increased. This decrease in
relative magnitude of constant errors with increasing stimulus magnitude is
most likely due to decre351ng shape constancy as a result of changes in Jinear
perspective in the runway image as discussed in Experiment I. The #ffect of
distance on form catio estimates, slightiy léss overestimation at the farther
distance, is also prcbably dve to shape constancy. For a given simulated
angle, linear perspective increased with distence- causing a decrease in shape

-
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constancy. The slight decrease at the far distance in static trials in the
mean simulated approach angle judgad "OK" mipght also be related to changes in
linear perssective as a function of distance. This would be expected if
pilots used a c¢onstant criterion of linear perspective in the image.

Verbal estimates of form ratio and category judgments of approach angle
both exhibited considerable variability in the static condition. The compari-
son of these two types of judgments in terms of interquartile ranges of
psychomettic functions indicated slightly lower variability, and therefore,
more precise diserimination of simulated approach angles when form ratio was
being judged. This effect was not large, however. Considering the contrary
finding of Experiment I and the variability of form ratio estimates, it must.
be concluded that responses in the static coudition do not support the
hypothesis that estimates of form ratio can supplement judgments of approach
angle, ’ :

Comparison of 2.0 Form Ratio and 3° Production Tasks. The comparison of
performance in the 3¥ Production task and the 2.0 Form Ratio task is of
particular interest since accurate performance in both tasks would have
produced an approach angle of close to 3°, Regarding constant deviation
errors from the desired 3° approach angle, performance in the 2.0 Form Ratio
task was superior at all distances but 8,000 ft. Although intrasubject
variability was only slightly less in the Form Ratio task, intersubject
variability was significantly less at nearer distances, from 11,000 to 2,000
ft from threshold.. These findings suggest a small advantage for form ratio
judgments, in terms of both constant and variable errors, although a much
greater reduction of errors in generated approach angle is needed, from the
point-af-view of aviation safety. In general, the above findings corroborate
the earlier conclusion that the utility of form ratio judgments as a
supplement for approach angle’ judgments is doubtful.
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‘CHAPTER IV

- OVERVIEW

The most important find ag of the two present experiments is that judg-
ments of appreach angle were extremely variable in the nighttime approach
situation when the only sources of visual information for vertical guidance
were the cues in the runway image. Of partlcular significance is the fact
that 51mulated approach angles as low as 0.5° were judged acceptable for
approach to landing and angles as low as 0.6° were gencrated on occasion when
pilots were attempting te produce a 3% approach angle. These low Tesponses
representJdangerously low angles of approach wtiich could be catastrophic in
actual approach situations. The lability of the perceptual process involved
is furtheg illustrated by the sen51t1v1ty of that process to the range of
simulated approach angles seen in other tasks prior to the 3% production :
taske. Seeing low angles in the prior Horizontal Production task lowered the
simulated approach angle perceived to be 3% and seeing a wide range of angles
in the Form Ratio tasks increased the angle perceived to be 3°. In addition
to the extremely low responses, the present findings also corroborate previous
results in/ this laboratory (26) regard1ng a tendenCy to overestimate angles
of approa;h less than 3°. Although it is son. times stated that cues in the
runway image formed by boundary-marking {edge) lights represent -the minimum
cues that a pilot needs for landing (31), the present findings suggest that
these cues may often be insufficient for a safe approach to landing.

#he present experimental tasks did not involve feedback and, therefore,
simulated the case of judging approach angle at an unfamiliar airport.
Hasbrook, Rasmussen, Willis, and Connors (17) studied actual night and day
visual approaches made by highly experienced professional pilots without the
aid of an altimeter or any landing aid. All approaches were made to the same
large, familiar, well-lighted airport located on the edge of a large city.
Night approaches averaged about 100 ft lower than day approaches, but the
most pronounced difference between the distributioms of day and night
approaches was that the extremely low approaches were much lower at night.
Hasbrook et al. reported flight path data in terms of altitude as a functien
of time before reaching the middle marker. Calculations of generated approach
angles  for distances of 8,000 and 20,000 ftr from threshold for these data are
tased on an assumed airspeed of 112. 5 knots (which was the average in
Hasbrook's study) and indicate extremely low appreoach angles of 1 69 and 1.4°,
respectively, at those distances. These are at best approx1mat1ons based on
measurements from graphs, but they indicate that even with a familiar runway
undesirably low approach angles can occur at night without the pilot's
awareness. The present study indicates that even lower and more dangercus
angles of approach can occur when descending toward an unfamiliar runway.

1 The form ratio cue discussed above could, theoretically, provide a bagis
for assessing approagh angle based on the simple ratio of two anﬁles
subtended in the retinal image, the runway height and width of the far end.
Responses involving apparent form ratio, however, did not indicate

53

e gl Ty e Al W A B, R M a3 TAR S U S T T ST T T : - T e
R R
P T A R e




significantly batter identification or discrimination of simulated. approach
angles than dxdjresponsaa involving appavent magnitude of the approach angle,
The prescnt findings, especially that of similar lntrasubject variability in
form ratic and approach angle responses, do not support previous suggestions
in the literacure (22,31) that direct attention te form ratio can supplement
or improve judgments oif approach angle, The present findings do pot eliminate
the possibility 'that form ratio may operate as a cue at an unconscious level
in the determination-of perceived angle of approach, In support of this is the
fact that, on che average, estimated approach angle varied as a linear functionm
of estimated form ratio. If it is a cue, it is ineffective in reducing varia-
bility of approarh angle judgments to an acceptable level. The possibility
discussed above%(that form ratio judgments may be used to compensate for
constant approach angle errors in a particular pilot by empirically meaaurlng
the perceived form ratio associated with the correct approach angle for a
particular runwjy) should be tested. The present f1nd1ngs suggest that such a
procedure might be helpful since individual differences in responses were
substantial.

Linsar persgective was shown to be a cue of importance since it was
directly associdted with errors in judgments of appreach angle and form ratio
and, therefore, (should receive future attention. Since the fuaction relating
linear perspective to approach angle varies with distance, future research
should study how the aprarent magnitude of linear perspective and apparent
distance are related toc judgments of approach angle,

.The present/study reinforces previous warnings of the danger in night
visual approachés and gives evidence of even greater danger in the case of an
unfamiliar runway. The occurrence of undetected extremely low approaches at
night indicates|a need for improved training for night apprcaches with -
emphasis on the|generalization of experience to unfamiliar airperts, There is
also preat need|for night landing aids such as Instrument Landing Systems (ILS)
and Visual Approach Slope Indicator {(VASI) systems at all airports where,
otherwise, lack:of surrcundlng ground lights may force reliance upon the
ineffective visual cues in the runway image for visual approaches,

Although the progess of perceiving approach angle at night remains obscure,
the present findings as well as others (30) point to the importance of linear
perSpecLLve as a significant hetermlnaut in the nighttime approach situation,
The 1mportance of the form ratlo cue is unclear, although conscious attention
to this cue is of questlonable value based on present findings. In any event,
the evidence concernlng response .variability points to the danger of reliance
on visual information in the nighttime approach situation commonly called the
"black hole" where only runway lights on the ground are visible. The daytime
approach situation is, in cortrast, thought to be relatively safe and as
mentioned above, Hasbrook et al, (17) have shown that extreme deviations below
the desired glide path are reduced in the daytime, ' 4

Suggestions for Future Research. The present findings suggest that the
important difference between visual information in day and night situations
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lies in the lack of wvisual detail in the 'scene in addition to the runway image.
In order to determine the cues necessary for reliable wvisual judgments of

approach angle at night, future research shculd manipulate those extra-runway

zues. Kraft (20) has shown the importance of lights of a simulated city on

sloping terrain behind a vunway in causing approach angle errors. Future

research should vary visual detail in the nighttime stene in front of the
runway, i.e. details.or lights on the ground along and to the side of the
approach path to the runway. Approach lights in front of the runway in the
present simulation did not prevent illusions from occcurring at simulated -
distances from threshold of 8,000 ft and greater, The effects of position
and quantity of objects and lights on the ground both at greater distances in
front of the runway and closer to the simulated aircraft position should be
studied. The effect of adding familiar objects to the scene should also be-
studied. Although the problem of varying the amount of information in the
scene may be most easily performed 1p the laboratory or by using a modern
computer—controlled aircrafrc simulafor with a visual display, there remains
the need for operational study of the distributions of generated flight paths
in both day and night visuzl approaches as a function of a variety of
environmental and atmospheric fdctors to determine the validity of simulation

studies. The present findings suggest a special need to extend the Hasbrook
et al. study (17) of day and night approaches to the case of an unfamiliar
airport and to the "black hole" condition in the nighttime case. Future
studies of generated approach angles in night visual approaches should also
include both stable amd anstable (turbulence) conditions and give specific
attention to the utility, or lack of utility, of the "gunsight" technique
discussed above, '

Since most night visusl approaches are performed safely, pilots must
either successfully correct for visual illusions or visual illusiens do not
ncrmally completely erase the margin for error that usually exists. However,
approach angle errors of the magnitude observed in the present experiments car
drastically reduce the altitude safety margin and increase dangers posed by
other problems, such as downdrafts, windshears, power failures, etc., by
reducing the amount of altitude and, hence; time available for recovery.
Thereforc, the perceptual process by which pilets fly night approaches should
be further studied so that we may (i) understand wny this process 6ccasiona11y
but tragically fails, and {ii} find means of preventing such faxlures in the
future,

®
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CHAPTER V. '

Summarz.

Landing an aircraft at night when only runway lights are visible, an
environment often called the "black hole," is one of the most dangérous phases
of flight. ' The visual cues found in the nighttime runway image are commonly
listed as size and shape cues, relative motion parallax, and image intensity -
gradients. Previous experiments in this laboratory have shown that relative
motion parallax is ineffective as a cue for Judgment of approach angle. The
prpsent study examlned another potential shape cue in the runway image, called
Eorm]ratlo, which has received little attemtion in the literature. Form ratio
has also been called perspectlve {not to be confused with linear perspective)
and is defined as the ratio of vertical height of the runway to width of the
far end of the runway in the retinal image.. The form ratio associated with a

gived approach angle is constant over distance and varies only as a linear
functlon of actual runway length~width ratio. The form ratio cue could,
theoretically, provide & basis for assessing approach angles based on percep-
tion of the simple ratio of size in two parts of the runway image. The '
bility te judge form ratios was examined and compared with the ability to
?udge approach angles in the nighttime '"black hole' situation in two
expefriments.

’High response variability was found both in verbal judgments of approach
angles and ir productions of the 3° approach angle, along with a general
tendency to overestimate th> magnitude of approach angles less than 3°, These
response tendencies frequently led to acceptance of angles of less than 1.0° as
"OK'" which in actual approaches would have a high probability of resulting in
crashes short of the runway.

Estzmat1on and production. of form ratics in the runway Lmage were also
quite variable and indicated consistent overestimation of form ratio magnitude.
Intersubject and intrasubject variagbility of form ratio and approach angle
responses was comparable. The present findings do not support the utility of
form ratio judgments as an aid in selecting approach angle.

The present findings provide empirical evidence of "1suai illusions and
the danger of reliance on visual information for judgments oi approach angle
in the nighittime "black hole'" situation where only runway llphts are visible
on the ground, They also suggest that the important visual def1c1t at night
lies in lack of visual detail in the scene cutside the runway image., Future
research should focus on the effects of position, quantity, kind of objects,
and extra-runway lights in the night visual approach scene on Judgments of
approach angle and attempt to validate laboratory fxndlngs in operational
studies of actual approaches to landing.

&

56

e R e
.. : woro % L .-



10.

11.

12.

13.

14,

R . AN e AR ARE NI, R S R e Tt e 47

s

REFERENCES _

Baird, J. C.}, and E. Noma: .Fundamentals of Scaling and Psychophysics,
New York: Wiley, 1978,

Braunstein, ﬂ. L.: Depth Perception Through Motion, New York:. Academic
Press, i.9'l'6.,l o

Brown, G. S.a D. Eldredge, and R. L. Sulzer: TFlight Test of Diamond and
Other Proportioned Runway Paint Markings for Glideslope Guidance. WNAFEC,
Systems Researth and Development Service, Federal Aviation Admlnlstratlon,
Washington, ? C., Report No. FAA-RD-74-166, November 1974.

Carvlson, V. R Overestimation in Size Constangy Judgments AMERICAN
JOURNAL OF PSYCHOLOGY 73:199-213, 1960.

Carlson, V. %.: Instructions and Perceptual Constancy Judgments. 1In W.
Epstein- (Ed. )}, Stability and Constancy in Visual Perception, New York:
Wiley, 1977. ' '

Epstein, W., jand J. N. Park: Shabe Constancy: Functional Relationships
and Theoretical Formuletions. PSYCHOLOGICAL TULLETIN, 60:265-288, 1963,

Epstein, W., H. Bontrager, and J. Park: The Induction of Nonveridical
Slant and the{ Perception of Shape JOURNAL OF EXPERIMENTAL PSYCHOLOGY,
63:472-479, 1B62.

Flock, H. R.:| Some Conditions Sufficient for Accurate Monocular Percep-
tions of Moving Surface Slants. PSYCHOLOGICAL REVIEW, 72:505-5314, 1965.

L : ;
Freeman, R. B} Jr. Function of Cues in the Perceptual Learning of
Vigual Slant:| An Experlmental and Theoretical Analysis. PSYCHOLOGICAL
MONOGRAPHS, 8( (No 2, Wholf No €10):1-29, 1967. .

Gee, S. W., and R. C. McCracken: Preliminary Flight Evaluation of a
Painted Diamond on a Runway for Visual Indication of Glide Slope. WNASA
Flight Research Center, Moffett Field, California, Report No. NASA TM X-
2849, August 1973 :M ’

i -
Gibson, J. J. The 0pt1ca1‘Expan91on*Pattern in Aerial Locomotion. ) e
AMERICAN JOURNAL oF PSYFHOLDGY 68:480-484, 1955.

Gogel, W. C.: The Metr1c of Visual Space. In . Epste1n (Ed ) Stability

and Constancy in Visual Perception, New York: Wiley, 1977.

Graham, C. H.: Visuil Form Perception. Irn C. H. Graham (E4.), Vlskon and
Visual Perception, New York{ Wiley, 1965,

Guilford, J. P.: Psychometric Methods, New York: McGraw?Hill, 1954,

57

. v AR " e SR B 4



18.

i9.

20,

21.

22.

23,

24,

25,

26,

27.

Hasbrook, A. H.: Anatomy of a Landing Cue by Cue. BUSINESS AND
COMMERCTAL AVIATION, 29:54-60, 1971, . '

Hasbrook, A. H.: The Approach énd.Landing: Cueg and Clues to a Safe-
Touchdown. BUSINESS AND COMMERCIAL AVIATION, 32:39-43,-1975.

Hasbrook, A. H., P. G. Rasmussen, D. M. Willis, and M. M. Connors: Pilot
Performance and Stress Response During Day and Night Visual Landing
Approaches. Unpublished paper presented at the 1975 Amnual Scientific
Meeting of the Aerospace Medical Association, San Franmcisco, California,
April 28-May 1, 1975. ' : ’ o

Helson, H.: Adaptation-Level Theory: An Experimental and Systematic
Approach to Behavior, New York: Harper, 1964,

Jesteadt, W., R. D. Luce, and D. M, Green:"Sequential Effects in
Judgments of Loudness. JOURNAL OF EXPERIMENTAL PSYCHOLOGY: HUMAN
PERCEPTION AND PERFORMANCE, 3:92-104, 1977. -

Kraft, C. L.: Measurement of Height and Distance Information Provided
Pilots by the Extra-Cockpit Visual Scene. . In Visual Factors in. Trans—
portation Systems: Proceedings of Spring Meeting, Committee on Vision,
National Academy of Sciences--National Research Council, Washington, D.C.;
1969, . : '

Kunnapas, T. M.: An Analysis of the "Vertical-Horizomtal" Illusioen.
JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 49:139-140, 1955.

Langewiesche, W.: Stick and Rudder, New York: McGraw—-Hill, 1944,

lewis, M. F.: Category Judgments as Functions of Flash Luminance and
Duration. JOURNAL OF THE OPTICAL SOCIETY OF AMERICA, 55:1655-1660, 1955,

Mertens, H. W,:; Laboratory Apparatus for Studying'Visual Space Percep—
tion of the Pilot in Simulated Wight Approaches to Landing. PERCEPTUAL
AND MOTOR SKILLS, 45:1331-1336, 1977.

Mertens, H. W.: Perceived Orientation of a Runway Model in Nonpilots
During Simulated Night Approaches to Landing. AVIATION, SPACE, AND
ENVIRONMENTAY, MEDICINE, 49:457-450, 1978,  (a)

Mertens, H. W.: Comparison of the Visual Perception of the Runway Model
in Pilats and Nonpilots During Simulated Night Approaches, AVIATION,
SPACE, AND ENVIRONMENTAL MEDICINE, 49:1043-1055, 1978. (b)

Pitts, D. G.: Visual Illusions and Aircraft Accidents. USAF School of
Aerospace Medicine Division (AFSC), Brooks AFB, Texas, Report’ko.
SAM-TR-67-28, 1967.

T T LT T e R MR DAY STl i e 5 e g
4 e - R CRTCEEN
3 N <



28.

29.

30,

3.

32,

/

!

Riordan, R. H.:- Monocular Visual Cues and Space-Pefceptibn'buring-the
Approach to Landing. AEROSPACE MEDICINE, 45:766-771, 1974.

Ward, L. M.: Repeated Magnitude Estimations With & Variable Standard:
Sequential Effects and Other Properties. PERCEPTION AND PSYCHOPHYSICS,
13:193-200, 1973. ' = o 'f

Wulfeck, J., J. E. Queen, and W. M. Kitz: The Effect ~f Lighted Decl
Shape on Night Carrier Landing. Dunlap and Assoc1ates, Ine., Inglewood
Californxa, Report No. 196-115, 1974,

Wulfeck J. W., A. Weisz, and M. W. Raben: Vision in Military Aviation.-
Wright Air Development Center, Air Research and Development-  Command,
Hright-Patteraon AFB, 0h1o, WADC Technical Report 58*399 1958

Zuixnakas, T. E.: 8imulation Study of Diamond Runway Marks for Alrcraft
Approach Guidance. NAFEC, Systems Research and Development- Servxce,
Federal Aviation Adm1n15trat10n, Wash1ngton D. C,, Report No. . .
FAA-RD~72~57, June 1972,

!

U 5. QOVEFSMERT PRINTING OFFICE : 198G 0-307-621

s -

b dapaseT



