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OF THE VISUAL PERCEPTION OF A RUNWAY MODEL IN
AND NONPILOTS DURING SIMULATED NIGHT LANDING APPROACHES
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tendencv of pilots to flr too low during night visual

has long been recegnized as an important problem (21),
has been concerned with identifying the Ilmportant visual
oach angle {17,30). In this context, relative motion
I cues most frequently suggested as contributing
pproach (7,11,13,14,15,24,28,29). Relative
ifference 1in rate of apparent movement of

In approaches to landing, all objects in
pear teo move directly away From the aim point
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A chin rest and head rest were used to position and steady the subject's head
during observations.

Procedure. The subjects adjusted the model to appear horizental using
sdjustment. When the subject pushed a toggle awav from
odel rotated away from him (far end downward), and when he
gle toward himself, the model rotated toward him {(near end
¢ model rotated as long as the toggle was actuated and stopped
iateiy when the toggle was reteased. Eight of the pilots and

e nonpilots adjusted the model to appear horizontal with the 3°
le. The cther halL of the p1‘o* and nonpillof groups adiusted the
pear horizontal with a 129 viewing angle. All subjects made

n both static and dvaamic observation conditions. In the
ton, the model was visible as it moved toward the observer at a
ted speed of 140 Knots over a range of simulated distances
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nautical miles from runway thresheold. During slant
both staric and dvnamic conditions, the model rotated in the
ane at a constant rate of 10°% per minute. At the beginning of
and srtatic trials, the orisntation of the model was slanted with
e observer’s line-of-sight to the wmcdel's center (and axis of
bv either 0.25%9 or 3°. The center of the model <orresponded to a
red distance of 1,300 ft from thresheld and was located at the middle
i te ,uuCHCOW“ zone lighting svsiem. It was determined prior to
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een 3° and €.25%. The order of starting angles was reversed
e tlowing practice in the static conditiom, two

ach of the two starting slants at each =f the three

¢ test trials we2re given each subject in blocks of
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for the remalning subjiects.

When pilots had finished all adjustments fo the horizontal orientation
in static and dvnamic comnditions, the model was set at the 1.33-nautical-mile
distance and at the 39 starting angle. The lights of the model wers then
turned on and the pilots were asked to adjust the wodel to appear horizontal.
Next, thev were asked to make several verbal judgments concerning
charactaristics of the simulated runway . These included (i} the simulated
approach angle, i.e., the magnitude in degrees of the angle between the
Tine—-oZ-sight to the rumnway threshold and the plane of the runwav. (ii) the
simulated distance to ruaway thresholu in feet or miles, {1ii) the altitude
above the ground plane in feet, and (iv) the simulated runway length in fest.
These instructions may be characterized as 'objective' inst.ructions, as
Aiscussed by Carlson (1). DNonpilots did not make verbal judgments.

4



Resulrs.

Adiusiments to Horizontal Orientation. The adiusred stany of the model
the axis of radial metion tangle 6 in Figure 1) when the

mrdel appeared to be horizontal wa

L]

the dependent vartable and will be
reiforred o a® genvrated approa agle (30}, For purpeses of analysis.

Seneratyd ap?rhach angle measurements were obtained from chart records of
‘or the specific simulated distances of 1.33 and 2.33
fr

,.
T

5

-
rautical mules om threshold for comparison vith static §udgmen $ at rthe
game Jistances Nata for the 3.33-nautical-mile distance position were not
analvzed since on manv trials of the dynamic con GILIO“, the model had not vet
heen adlusted to zhe apparent horizontal orientation by the time it had
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TOSEDONSY Va ow the wvalues that would have indicated acrurate perception.
Values of 8 used as starting angles (0.239 and 39) are identified in
Figure 0 in terms of the error magnitudes thev represented.  Ar the 30
J.25° and 3° srarting angles represent corrors of 2.759 und
espoctiveliv. At the 12¢ viewing angle, the corvespmnding errors are
© plit-plot facvorial analysis of variance was used to
5 the eflects of flving experience, viewlng angl

viewing angle, the

e, distance, presenta-—
cthod {(dynamic wvs. static), and starring angle. The effects of these
. whl‘“ Kad tittie offect, are i1llustrated in
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0 1.33 nautical
rrors decreased by
2f this interaction,
be of practical

The only significant (p < .03) effect involving distance was the small
nrevacrisn of viewing angl wlth distance. At the 3Y viewing angle, mean
ors sed 10370 r 4 3




sigaltivance. The main otffect of disrarce was small and insignificaunt.
venerated appreach angle errors were 0.029 less at 2.33 nautical miles than at
1.33 nautical miles from thresholid.

L

Yer‘al Judgments of Ruaway Characteristics. On one {final trial given
ots, verbal judgments of the runway were made after they adjusted
r horizontal. Means, medians, and standard deviations are given
< fer the approach angles to threshold that pilots gernerated in the
t djustments, for verbal judgments of rhe magnitude of those

ed appreach angles, and for error scores obtained by subtracting the

ttude of the generated approach angle produced by 2ach pllot from his

pal judgment of magnitude of that angle.

TABLE 1. Geunsrated Approach angles and Corresponding vVerbal
Judgments of Angle of Approach to Runway Threshold

as a Functien of Viewiag Angle

Viewing Generated Verbal
Angle Approach Angle (4) Judgment (B) Error (B~
¥ Mean 1.17° 2.720 1.559
= 0.74C 1.63°
Median g.719 2.500 79°
129 Mean 1.99° 3.65° 1.66°

T 699 2.769
Median 1.96° 2.75°9 0.79°

)

In horizontal orientation adjustments, it was shown above that errors
were much greater at the 129 viewing angle. Mean judgments of approach angle
as indicaced by verbal responses show no significant increase in errors at the
129 viewing angle, and median values show a decrease. This finding

iilustra*es the independence of errors in adjustments to horizontal
orientaiion and judgments of approach angle. Verbal judgments also
consistently overestimated the physical magnitude of generated approach angles.

Judgmencs of simulated altitude, distance, and runway length are
sumparized in Table 2 and are presented along with a summary of the actual
simulated values of altitude that were produced when observers adjusted the
medel to appear horizontal on the same trial. In agrcement with judgments of
cn angle, judgments of altitude overestimated the simulated values thart

duced when pilots adjusted the model to appear horizontal. Errors in
s of altitude were greater at the 3Y viewing angle, as was the case
tans of verbal judgments of apprcach angle. Variability of responses

-
/



TABLT 2. Verbal Judgments of Distance From Threshold, Altitude Above
Ground, and Runwav Length as a Function of Simulated Values

Altitude(feet) Distance(feet) Length{feet)
Viewing Generated Verbal Simulated Verbal Simulated Verbal
Angile Alritude Judgment Distance Judgment Length  Judgment
3© Mean 163 275 8,000 3,660 6.000 €,250
o 103 85 1,320 1,773
Median 153 300 3,000 6,000
129 Mean 275 325 3,000 7,560 6,000 5,500
5 95 210 7,320 1,414
Median 272 ZZ 5,340 6,000
was also greater at the 120 viewing angle in both altitude judgments and
iudgments of approach angle. Judged distance of the runway threshold from
the pllof was greatly underestimated at the 392 viewing angle. Although
judgments of distance were considerably closer to the simulated value at the
120 viewing angle, responses were more variable. Judgments of runway length
appear to be more z-:cuate and less variable than other verbal judgments, and
variability 1is not increased at the higher viewing angle.

+-4
(Kl

[F]
G
i+

H
W

the present experiment confirm previous findings in this
iat relative motion parallax in the runway 1mage has little
e perception of orientation of the runway model at simu-
near as 1.33 milles from runway thresheld and ar simulated
te 140 knots. It was further determined that the flying
dces not enhance their sensitivity to relative mction
ots did, however, have significantly fewer errors than
in both the static and dynamic conditions, it must be concluded
flving experience did have an effect on use of some cther cue in
scene. Other cues that might be involved are size cues, including
pe and lipear perspective, and the intensity gradient in the image
unway and approach lighting. Runway image shape has been shown to be
in a study by Wulfeck et al. (30). The importance of intensity
Tunwav lmage has been demonstrated by Kratft (18).
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The relatively small effect of variation in viewing angle from 3° to 120
on generated appreach angles and consequent large increase in errors at 12°
suggest that direction of the runway in the visual field is not perceived
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aecurately pn the present viewing conditions in which no e ki ca runway
. such as the horizon, were simulated.  The fact that
vorbal judgments of approach angle on the final zrial show no increase in

.y Iy n
veapraphre reforeaoew

errars with increasing viewing angle alsc suggests that the increase in error
oY horizontal orientation 3d}m~tants was due mainlv to increased error in
perceived position of the model in the visual field. Just how variatien in
viewing angie and optical slant of the stimulus affect the perceived

g1 12t of the horizon and

o
whether variation in perceivad direction of the
s of approach angle should be examined further.
n the prosent oxporimens, error in judgments of approach angle was
7 ™

fhe relatively con nitude of perceived approach angle errors,
z12d overest { approach angle by an approximate factor of
rv oserious 2 in the context of tlhe aircraft landing
togtian Over ion of optical slant of the runway might occur
nce ot oa p organizing process called the equidistance
3 The eg ance tendencv has been shewn to make objects
same dist o the extent that effective visual cues

ating 2 diiference in distance are absent. Gogel (8) has cited several
examples of reduction in apparent slant of stimuli with respect to a vertical
reference plane a3 a function of cue reduction Such effects are in the same
Jirection as overesrimatian of slant with respewt to a horizontal referemce
plano Future research should measure the percerved direction of the runway
relative to rhe appavent direction of the horizon and apparent magnitude of
che genevated approach augle in order to discriminate between overestimation
of appreoach angle due to the eguidistance tendency and errors due to misjudg-
ment of visusl dirvection. E. R. Wist {(persconal communication) has suggested
that the hvpothesized operation ¢f the equidlstanbe tendency in the night
appreoach situation would be sipported if errcrs in approach angle judgments
increased with viewing time as has been found to be the case in errors due to
rhe eguidistance tendency in the perceptlon of depth inm a slanted line (23)
or betwesn cbiects (8).

The significant effect of starting angle on generated approach angle was
present in the responses of both pilots and nonpilots, but was greater in
pilots and with the 129 approach angle. Starting angle had no significant
effect in a previous experiment (21) im which the perceived horizontal
orientation of rhe runway was measured by a modified method of limits rather
rhan the method of adjustment. A possible relation of the effect of starting
angle fo pervceptual events in the situation is suggested by the comments of
some subiects during debriefing that the apparent neight of the mocel in the
visual fleld appeared to decrease as they decreased its optical slant. It is
sossible that the optical slant of the modei perceived initially on a given
trial determined the perceived direction of the model in the visuzl field.
Since the model would be seen as lower in the visual field with the 3°
starting angle, 1t would be adjusted to g greater value of optical slant by
the cbserver in order to make it appear horizontal. This possibility could
be checked by measuring both the perceived peosition of the model in the visual

9



eid and direct iudgments of approach angle in the two viewing angle
nditions. Whv the effect of starting angle should be greater in pilots is
unexplained. Perhaps the errors of pilets in perceilving direction in the
visual fielld were smaller than those of nonpilots.

alternative possible "explanation” of the effect of starting angle 1s
of adaptation-level theory. The effect of starting zngle seems
d o the stimulus series order effect in the perception of a slanted
d Smith (2?). He observed that apparent slant with respect to
vertical) plane was significantly greater when the stimulus
ented in order of increasing slant with respect to the
en the stimulus series was presented in order of
mith interprered this findisg in terms of the repellant
t extremes of the stimulus series. Anchoring effect
hift in adaptation levei caused by extreme stimuli, which in
eriment would correspond to the starting angle {(optical slants
}. The greater affect of starting angle in pilots as
onpillcts might be explained by adaptation-level theory through
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acts of past flying experience on adaptation level. Although
fferent task when trving to generate the ideal approach

ual experience with runwavs, especially in night approaches,
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ect on adaptation lewvel that would generalize to the present

1 by virtue of the similarity of stimall produced in real and
unwavs The pilot's past experience would most probably have been
ted appr ach angles close to 3% on the average due to greater

, inciuding sources other than natural cues in the visual scene in
e real approach situation. This would increase their adaptation level,
using their generated approach angles to be greater than those of

he nonm lots who had no such prior experience. Furthermore, the effect would
e greatest at the 3° starting angle because of its closer proximity to the
adapration level.
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A third possible "explarvation' of the starting angle effect might be in
eguidistance tendency, mentioned above, operating in conjunctien
nercepiual organizing process called the adjacency principle (8).
ding to the adjacency prlnClple the equidistance tendency opsrating

an eajects such a5 near and far ends of the runwav would vary iunversaly
rh their directional separation in the visual field. The result in the
sent situation would be an increase in apparent {optical)} slant of the

1 with respect to the line~of-sight due to the equidistance tendency

ch would be greater with the 0.25° than with the 3% starting angle. This
erpretation assumes that strength of reiative silze cues would mot change
nificantly with chdngc in starting angle.
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The greater accuracy and lower variability in vevbal judgments of
runwav length suggests that these Judcrents were relational judgments
involving known size as well as relative size cues in the image. The known
standard size of approach zone and touchdown zone lighting could have been
used in conjunction with the relative image size of the runway edge lig-ting

10



relationat

L]

Lt @

Lo
oo
I

,
o .
[l

)«I

4]
-5

2]
IRl
G a0 W

[CEI i

F
T 0 ke

=

a 10w

£ &

[
#
o
7]
ot
W]

o}

I

2!

(s}

wn

r

"

]

o )
Bonoo0
rroforg
SO I I B |
T

6]

rt

Py

e

b
)

L
|
1
o]
it

3w

£
e

1

]

b

i~

54

Cla

41

r"J

"3 g

]
MO

fa

2 2 3
S
]
wn O
w

0 L
oL
rt
2!

443
-

o
[t}
ST
5 IV

g}
[

-t
-
r1
o

o S
w
H U

ped e (0
13
SV
e g
D

P s pas

3T
]
%]

r{ 0

QTN
"3 Q
(L]
'
rt &t
*
OF & o» o,
&0
o

peh 14

¥}
30 Q w
G (n g
[l (I
]
rt
R TR O T o
Com
Pty £
9]
™
i
L3
2
e
e
]

W
L
P
3
[
0
o)
b
o
#]
X

]
e}
1M
B
o

The second experiment
the cockpit window, on the
task of zdjusting the runw
osqervtx. It was thought
the stable window migh
runway image more salient
thresholds for perception
absolute motion {10,123,
reexamined with regard to
visual frame. Two psvchopl
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diustment ¢
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W groups of ﬂonailnaq. Vit 2roup given
couchduwn zone Tighting svestem and the
informacion.  Judgments of rumeny length would be
ccurate and less variabloe in the group given size
1ighly experienced pilots flow

as behind the runway during
ing as the resulr of pilots’

eight in the retinal image of
a r findings suggest another
@ tad a3 shown that the geographlc
not perceived accuratelyv. Pilots may learn to
o angle in nighttime approaches, therefore, by
h v her than geographlc slant. Since

aus2 a problem until a geocraoﬁwcaily
vaed. Then a pilet urfamiliar with sloped runways
ame optlcal—-slant te

rien used previously with

z hical slant accurately. That
unway or a high approach with a

L reports ia the literature {(24).

b(ja

ith an upsloped

ment with anecadota

ading of the present experiment was that verbal

e and altitude as well as horizontal orientation

eptual overesrimation of position relative to the

That finding reinforces the s;ggestLon that there

15 for the documented teﬂdhugy of pilots to fly
Additional responses involving adiustment of the

oach angle also indicated overestimation of approach

eriment

examined the effeat

affectiveness of
2y model fo
1V

of a visual frame, simulating
ive motion parallax in the
zontal as it approached the
that rela etween lights of the runway
it make relative motions between points within the
nd thereby enhance the motion parallax cue, since
relative motion are smaller than thresheclds for
n gddition, the effect of flying experierce was
1ts possible interaction with the presence of a
nysical methods were slsc compared. One was the
used in an earlier experiment {21) 2nd the other was
hat was used in Experiment I. This variahle was

e
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adde.d to the present experiment te permit turther study of the significant
interaction of starting angle with psvchophysical method that occurred in the
above experiments.

In Experiment I, pilotrs’ verbal juugments of approach angle greatly
overestimated the angle of approach. An additional task was added in the
present experiment for pilots in order to reexamine this finding in a task
hat would be more "natural." Pilots were asked to adjust the model to
appear ''like a runwayv does when on a 3° glide path durimg an approach to
landing.' Since pilots learn to identify acceptable angles of approach and
3% is a common glide path setting for Visual Approach Slope Indicators, it
was reascned that this instruction would have similar meaning to different
pllots and would assess errors at that point on the continuum of perceived
approach angle where judgments should be most accurate. Any large illusions
observed with this instrvuction would reinforce the previous suggestions that
perceptual errors may cause low approaches at night when vertical guidance
is entirelv under wvisual control.

Mathod.

Subjects. Twelve male pilots anc twzlve male nonpilots served as
subjects and had at least 20/20 acuity, with correction if necessary. The
nonpilots were paid an hourly wage. The pilots were all professional pilets
in the employ of the F3A and participated during duty hours. Their total
hours of flying experience ranged from 1,350 to 13,750 hours of flying time,
with & mean of 9,360 hours and a standard deviation of 3,416 hours. The
ages of nonpilots ranged from 19 to 29 vears. The ages of pilots ranged from
3% years to an estimated maximum of about 60 years.

Apparatus. The apparatus was identical to that used in Experiment I with

rhe excepticns that mirror ML was replaced with a mirror having 70-percent

eflectance and l0-percent transmittance, and a light box was placed at the
position of baffle Bl to produce a luminous square frame with a dark area in
the center of which the model was seen during experimental trials. The
center of the runway model appeared 3° below the center of the square. The
center of the square window was in the straight—-ahead direction from the
observation point. The height and width of the dark area in the center of
the frame was 18°. The distance of the frame from the obse:ver's eve was

61 cm.

Procedure.

a. Judgments of Horizontal Orientation. In both psychophysical
methods, subjects controlled the model to make it always appear horizontal as
the model approached the observation point. The method of adjustment was
identical to that of Experiment I. The procedure for the method of limits
was identical to the procedure used by Mertens (21). In the latter procedure,
the model was constantly rotating in the vertical plane as it approached the
observation point. The sublect's task was to control the direction of

iz



ake it appear horizontal by reversing the direction of rotation
pushbutton everv time the model appeared to be rotating away f{rom the
t ientation in either direction. The model was again visible as
roached from a simulated distance of 4.33 to 1.33 nautical miles {rom
old at the same approach speed and vate of rotation that were used In
iment I. all trials with a particutar psychophysical method were given
2 trials with the other method were begun. The order in which the two
weve given was reversed for half the subjects. With both psycho-
~hods, two practice trials were given and followed by four test
E' her the first two test trials or the last two test trials were
h the visval frame of reference present. The order of trials in
sme was present was the same for both psychophysical methods in a
1f rhe subjects had the frame present on the first two test
vchophvsical method and the other half of the subjebts had

¥
e
rr
—
o

i :J‘r‘
o
[
™
r:

s IR )
o

v
Lo}

try e
A

o
P

2]
oMo
J
ML I I ¢ VR )

i)
DR A o
w o=
= G
w0
oW
o

rt
H
[
1Y)
3 e

o1V

o

L]
j
£
i
1
i)

s
on the last two test trials. For the two trials in a given
hophysical method and visual frame, one trial was given with
e and one trial was given with a u._50 starting angle.
ing angles were alternated from trial to trial throughout the
experimsnt. Viewing was monocular with the right eye.

=
i
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gl Afrer all judgmeunts of horizontal
ompLeted, the pillots were asked to adjust the model as
on two trials so that it looked "like a runway does when
during an approach to landing.” This instructlon was
the learned perceptual criterion that a pilot uses in
pproaches. The 3° value seemed appropriate fou chis group cof
the Visual Approach Slope Indicaror and the Instrument Landing
the base airport for rhese pilots were seb to define 39 and 2.99
approacsh paths, respectively.
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Results

As in Experiment I, the adjusted slant of the model with respec: to the
approach path, angle £, was the dependent variable and was measured
continuously as a function of distance over the range of simulated distances
from 4.33 toe 1.33 nautical miles. Since no static condlition was invelved in
thig experiment, rather than measuring generated approach angle at fwo
specific distances, the mean generatad approach angle values were averaged
over both l-nautical-mile segments between 3.33 and 1.33 nautical miles from
threshold to increase the reliability of measurements. The method of scoring
chart records has been described previouslv {21). The mean of the two values
for an individual i1n each experimental condition was subtracted from 3° to
obtain an evror scor2 for each distance segment. A response of 3° would have
indicated accurate perception in both judgment of horizontal orientation and
Sudgment of the 3% approach angle.

Adjustments to Horizontal Orientation. A split-plot factorial amalysis
of wvariance was used to assess the effects of flying experience (pilots vs.
nonpilots), visual reference condition (frame vs. no frame), psychophysical

13
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limit

{ s ve. adjustment?, model slant a: the start of a trial {(starting
errors of U
S}

T TG

slant Woay 2.75%0), and distance interval (1.33-2.33 nautical miles
and 2.33-3.353 nautical miles). All generated approach angles were less than

39 when the model was adjusted to appear horizontal. The visual frame had no
sigalf

the
ant effect and did not interact with other variables as can be seen
3 The mean generated appreoach angle errors for pilots and

£
Ooe—t OOLWI-—L—

rome No frame Frome No Frame

VISUAL REFERENCE CONDITION

NONPILOTS PILOTS
PSYCHOPHYSICAL
3er 3.0r ME THOD
ooz =20
25k 2.5k
_ LIMITS
cergr Qb siort o
— 2.0F 9e 2oF 178
o L -~-275e
s 1 1
5 oo : Gol—L 1
e} Frome No Frame Frame No Frame
fomn]
-
< R - pe —
= NONPILOTS PILOTS
- S P 30~
=z
L - =
= 25~ 2.5+
; o--- -  ADJUSTMENT
2.0~ 2.0
i
: |
1

FIGURE 3. Errors in judgments of horizontal orienta-
tion as a functionm of flying experience, wvisual
reference condition, psychophysical method, and
starting angle,.

nonpilots were 2.06% and 2.56°, respectively. This 0.600 difference in
generated approach angle errors between pilots and nonpilots was statistically
significant (p < .C1). The only other statistically significant (p < .01)
main effect was due to starting angle. Generated apprecach angle errors were
on the average 0.14° greater when the starting angle was 0.25° rather than
30, Several interactions of starting slant with other variables were
significant. These included the first order interactlons of starting slant
with flyviag experience (p < .05), with psychophysical method (p < .01), and
with distance (p < .01). Second order interactions involving starting slant
were its interaction with flying experience and psychophysical method

(p < .05) and its interaction with flying experience and distance (p < .05).
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s wntioncld eftects with the oxception of the two levolviung distance
arte s s llustrated in Figere . The first order interactions of starting
S and pavot \vAV31cal method with flving experience refiect the nmuch

wreater effost of starting angle in pilets and the greater effcect of starting
angle 1 the method of adiustment. The significant second order interaction
S ostarting slaut with pevehopaysical methed and flving experience reflects
the fact that by far the greatest effcct of starting angle occurred in piliots
wio were rvspendisg with the method of adjustment. There was no significant
maln v Tlect of distance, but the three significant interactions involving
distance are itlustrated in Figure 4.
NONPILOTS PILOTS
3.0 10r PSYCHOPHYSICAL
i METHOD
2.5~ 2.5
I
2ok 20+ & LIMITS
— Ecrer & stert
@ L . L
Do 0 .9
— -
& - 2.5 i;
£
: i i i
£ oo 1.33-2.33 2.:3-3.33 0.9 1.33-2.33 233333
T
o NONPILOTS PiLOTS
& 3.0 1.0+
!
= ————
< &\_. !
ut . e
z 2.5 2.5
PRp——]
2.0 2.0+ — ADJUSTMENT
L8 LS
f i
ol i o. i [
1L33-2.03 233-305 £33-2.37 233313
DISTANCE INTERVAL (NAUTICAL MILES)
FIGURE 4. Ervors in judgments of horiwcntal
orientation as a function of flving experience,
distance, psyvchophvsical method, and starting angle.
The interaction of psvchophysical methed with distance is statistically
3 Pay Y
significart {p < .05) although small. The significant {(p < .01) interaction
g o 2
of distance with starcting angle raflects a greater effect of starting angle at
tne farther distance. The significant (p < .05) interaction of distance and
starting angle with flying experience reflects the fact that the interaction
o7 distance with starting angle 1s larger in pilcts. As can be seen in
Figure %4, the significant interactions inveolving distance are of small
magnitude and probably not of practical significance.




Croduction o oo QRgrnach Angioes. Fﬁror svores of pi}oté ior the 39
TL1ION werye \‘\‘?’.‘{th‘t‘\"x Wirh orror sSoores tor d he tast two horitzontal
et oorials siven amder the same comditions. The vartable congerning
Dheovisual frame was lonored for thisg anaivsis sicce preliminary analvsis
revealed that it had e effeco. 4 split-pior analvsis o1 variance was used
with nsvehophvaical method as ¢ delween-groups varigble and three within~
sroups variables:  tvpe of response V00 approach angie adlustments vs.
horicontar orientation adjustwments!. Jistance interval, and starting slant
Tror hese Jdata are Lliustrated in Flgure =
EN HORIZONTAL
JUGGMENTS NDGMENTS
2.8 25 PSYCHOPHYSICAL
f 3 METHOD
! f o=
2.0k 20t T
: 3
: i
; !
LS - -0 L5 - LIMITS
! -l :
i o="—"" :
: l Errer at star?
-~ } ; o
E Lo+ MOF o o
¥
&
5 1 |
a OOZ’—-—-L'———-‘*—-—‘ 2.0
— * 1.35-2 55 £.55-3.3% §.55-2.3% 133-3.33
g 3 HORIZONTAL
& JUDGMENTS JUDGMENTS
& 251 2.5
ui ] :
z ! PC—— s
2 ;
S 201 z.0r
; .-G i
e ;
1.5k &— L5 - ADJUSTMENT
! {
i
#
! i
LO- 0
| N S N i
AT T E TP YRR O manean
DISTANCE INTERVAL !NAUTICAL MILES)
FIGURE 5. Errors in judgments of pilots of both 3°
approach angle and horizontal crientaticn as =z
function of psvchophvsical method, distince, and
starriog angle.

Errors in 3° approach angle adjustments were significantly {p © .05) less
than errovrs 1n horizontal adiustmwents. The mean error in the 39 task was
1.30% and in herizontal adjustments was 2.09°. e only other significant
effect was the interaction of starting angle with distance. The effect of
starting angle was significant in the distance interval between 3.33 and 2.33
nautical miles, butr not in the nearer interval.
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e mest o important finding of Experiment i1 concerning the relative

matior parailax in the runwav image was that the presence of & stable visual
trame did not enbance relative motion parallax as a cue (00 perception of
ranwav ovivntation.  That result adds to the ovidence of previous cxperiments

fect on pevception of vertical position relative to the

h in night approaches when only runway llghts are visible.
situation is commonly referred to as the "black hole' in
re, and has long been considered the most dangerous

18
nding situatlion.
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of Experiment 1I was that pilots attempting to
approach angles under "objective” instructions
approach angles by a factor of 2. That
the tendency toward low approaches at night is
mation at the perceptual level in judgments of
retafion assumes that the simulated approach scene
essentialliv the sawe visual information thar
range in the ''real world"” when only runway and
This assumption should be testec¢ by direct
ments of approach angle under the same instructions
situations with similar lighting configurations.
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ting the model to appear horizontal were lower in pilots
Experiment II, corroborating a similar finding in
lifference between responses of pilots and nonpilots,
fhperlﬂe 11 as compared to 0.3° in Experiment I. This
ving experience in Experiment II is possibly associated
e total nours of flyving experience In the pilots who
1I. The average total number of hours was approximately
I as compared with 2,000 in Experiment I. This finding
ects of flyving experience on judgments of approach angle
more systematically with regard to the possible different
ormation as a function of experience.
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ct of starting angle and the interactions of this variable with
1ence, psychophyvsical method, and distance were generally similar
results. The greatest effect of starting angle was again in
the method of adjustment. The speculation given above concerning
on of starting angle eifects in terms of adaptation—level theory
zent with the finding in Experiment II of a smaller effect of
e in the method of limits than i1n the method of adjustment. 1In
tmits, the task required the subject to alternatzly adjust the
8*101 to De above and below that orientation which appeared
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, 2, be more likelv to see orlentations tarther {rom
e stariing pesition when using the meichod of limits and the starting
position would have less influence on the adaptation level as a result.

2 angle effect was smaller in the 39 adjustments _

fhe Yact thar startin
29 than in horizental adjustments (0.279) In Experiment I further
supporcs the laterpretation of starting angle effects (at least partially) in
! I b4 4 r 3

_ a ,
{iects on perceived direction, since perception of direction in the
1d would not be expected to affect judgments of optical slant (3°

~

visual fie
judgments! as much as judgments of geographical slant (horizontal judgments).

=
'](UP’DUQ

s corrcborate earlier findings that relative motion
¢t on the perception of the orientation of the

d distances as near as 1.33 nautical miles from
aulated speeds of appreoach up to 140 knots, and with =z
1ce present which agorresponds to the cockpit window.
shown that the flving experience of pilots does not

to moflion parallax in this situation. Further research
motion parallax should dirsct attention to the

her values of relative motion parallax than achieved in

v exceed thresholds for effectiveness of this cue.

v at distances of less than 1.33 nautical miles from
esence of extra lights ia the nighttime scene
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The most important finding of this series of experiments is that pilots

rceived both the geographical and the optical slant of the model runway.
judgments of approach angle were overestimated by a fdactor of 2 on the

e. This demonstrates the presence of large visual illusions in night

ck conditions that do not involve reduced visibility due to

heric conditions. Reduced visibility could be expected to affect

f approach angle even more sericusly. The inability to judge the
orientation of a runway corroborates warnings in the literature

he tendency to fly low on approaches to upsloped runways and high

s to downsloped runways. Installation of Visual Approach Slope

£ runways with significant gecgraphic slope would seem especially
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