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RUNWAY U'.AGE SHAPE AS A CUE FOR JUDGMENT OF APPROACH ANGLE 

CHAPTER I 

Introduction. 

i 
The dangerous tendency for pilots to fly too low during night approaches 

has long been attribu-ted, on an anecdotal basis, to visual illusions due to 
re<!uction 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 a[ high proportion of accidents in night approaches and 
landings that are not: associated with adverse weather conditions (16,20). 
Recent research provides empirical evidence that visual illusions occur in the 
night .:~pproacl~ situation which T11ay directly cause low approaches dU·ring actual 
attempts to land at nl.ght (20,26). A recent study in this laboratory found 
that pilots overestim!.t~d angles c f approach (glide path) simulated with a 
model runway hy a fac~or of 2 (26). This- overestinlation means that, under 
nighttime conditions ~hen only runway lights are visible, pilots may be at 
one-half the altitude \that they think .th~y are, and may be dang.erously low in 
~orne cases in spite o~ judging their altitude to b-e safe. In addition to 
qu~ntification of sue~ visual illusions which can occur at nigh~, it is 
desirai:>lc to understand what variables detet~ine judgments· of approach angle 
so that app't·oach nnd ~unway lighting can be designed most effectively and so 
that pilots ll!oy he tryn<od to judge approach angle more· accurately. 

Monocular visual c\ues are tr.e important dE>terminers of visual perception 
during the approach toi landing sirce binocular cues such as stereopsis and 
convergence cannot be Fffective at ~he relatively gr:eat _distances involved in 
all but the last few seconds of the:approach (27). The monocular cues that 
are generally considerCd important 4-re relative motion parclllax and size and 
shape cues in the runway image; the llatter may include perspective, height, or 
foreshortening of the runway image (15,16,28,31). Relative motion parallax is 
defined as a difference in rate of appar~nt movement of objects in the visual 
field. ln approaches to landing, al~ objects in the approach scene appear to 
move directly away from the aim point toward which the aircraft. is moving; 
this movement away from the aim point occurs in a complex pattern o·f apparent 
velocities which is a function of gl~de path angle and approach speed (11). 
l!m<ever, three experiments in our laboratory ( 25,26) have found· that relat:ive 
motion parallax had little or no effect on perceived orientation of a model 
runway under simulated nighttime conditions when only runway lights were 

·visible. No e~fect was observed at simulated distances as near as 1. 33 
nautical miles from runway threshold and at simulated speeds of approach up to 
140 knots. It was also found that the presence of a stable visual frame of.; 
reference cimulating the cockpit window frame did riot 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 occt1rred in spite of the presence of motion cues resulting 
from the 140-knot bpproach 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, doe~ not 
reflect on the utility of relative moti0n- 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 b11sed on the fact that the 
aim point on the ground toward which the aircraft is moving is stationary in 
the cockpit window during stable approaches. Points on the ground nearer 
than the aim point appear to rr.vve downward in the window and points on the 
ground beyond the aim point appear to move upward in the window. The 
"gunsight11 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 •table situation the pilot can align the intended touchdown point with the 
appropriate point on the window and fly at a conscant angle of approach 
towe.rd that point. Although stable approac):les can be flown with "remarkable 
accuracy" using this technique,. turbulence and winds hear ·can render it 
useless and unnoticed head movements, airspeed changes, or any vertical Speed 
changes can cause insidious ahd serious glide path. errors as described by 
Hasbrook. The "gunsight 11 technique is also basically a method of maintaining 
a constant angle of approach and does not give infcnnation regarding. magni
tude of approach angle. Although the utility of the "gunsight11 technique for 
stable approaches is w~ll established, other cues must serve for judgment of 
the magnitude of initial approach angles, and for judgments of approach angles 
during unstaQle approach conditions which occur because of unnoticee changes 
in aircraft attitude and speed, changes in !lead (eye) positioR, 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 presentations of size 
cues simply discuss the general relation of individual

1

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 
scene loo-k "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 cann.ot provi~e 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. Osualty pilvts must learn 
for themselves how to judge approach angles and how to generalize their 
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experience,: hasPd on self-assessmerit and/or on feedback from· instructor pilots 
during practice approaches. In some cases, Visual Approach Slope Indicators 
(VASI) alongside the runway or Instrument Landing System (ILS) instruments mar 
provide more precise feedback during learning about the relation between the 
visual scene view.ed during the approach and the position of th·e 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 approach angle is desirable f9r. 
educational purposes. A number of potential cues involving size and shape of 
the runway image wi 11 be discussed in this· paper regarding their relationship 
to approach; angle. All have been said to be of use in judging approach angles. 

I 
Linear perspective is one cue involving the apparent shape of the runway 

im&:se that ~s often mentioned as important in judging approach angle. It has 
been shown.~o determine perceived slant in laboratory experiments and it has 
also receive~ theoretical attention outside the aviation literatu-re (8,9}. 
Linear persp~ctive 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 persp_ective in the runway 
imag~ to approach angle for a particular runway size is nonlinear at a 
specific dilitance from the runway threshold and the functional relationship is 
different a't each distance. Use of perspective to visually ''m-:;oasure11 approach 
angle is, there fore, dependent on knowledge of o.n~: s distance to the. runway. 
It is most likely that linear perspective affects judgments .of approach a .gle 
through the unconscious procesr.es that affect perceived slant. The relation
ship of "apparent linear perspective" to app.roach angl~ at a conscious level 
has not been s-tudied hut it is likely to be very complex due to the complex 
function relating distance and approach angle to perspective in the retinal 
image. Researr.h is needed, however, to dete·nnine the importance of this cue· 
and how it is used in approach angle judgments. Judgments of distance to the 
runway should also be studied i.n this context in relation to judgments of 
approach angle and apparent linear perspective. 

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 i;, the 
visual field is linearly related to approach angle, whea measured· a~ a 
particular distanCe, for approach angles up to 10°. The function r~lating 
height to approach angle varies with distance, however, so utilization of this 
cue would be dependent on knowledge of runway distance, as was also the case 
with the linear perspective cue. In discussions of how cues such qs line~r 
perspective or image height are used, it is usually implicitly ass\imed that 
distance to the runway is perceived accurately. Pitts (27) has explicitly 
stated this assumption but its basis is unclear. The small amount of data 
which have heen presented concerning judgment& of distance it.l a simulated 
nighttiffie approach-to-landing situation show great variability and a tendency 
to underestim~te distances (26). 

It is possible, however, that some other chai-acteristics of image shapp. 
with a more simple relation to approach angle and distance may identify the 
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I 
·"correc;t" approa~h angle independent of the apparent slant of the runway 
surface. One such cue ta the angle (height) in the visual field between the 
aim poi.nt on thei runway surface and the horizon in the visUal field. If, for 
example, the desired aim point can be made to remain 30 belaY the horizon, the 
approach path will be a constant ·3o, 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 impor~ance. Its use is, however, limited to situations where the 
horizon is visible, and it may produce erroneous approach "ngles if terrain 
behind the runway is sloped upward (20). It would also seem to be less 
useful at night than in the daytime due to the difficulty of seeing the 
horizon and the &re.ater potential for erroneous location of the_ horizon due to 
terrain. However,- in the absence of a visible horizon at night, it is 
possible that th~ horizon position might be inferre~ from the apparent 
vanishing point Qf the sides of the rum..ray. Unfortunately, so far as we 
know, the abilitf to_judge the vanishing point location at night has not been 
studied experimentally. It is also known that judgments of the absolute size 
(e.g., height oft1the runway in the visual field) are extremely· variable. On 
the other hattd, elational size judgiDents are more precist! than absolute 
judgments (12). It is possible, therefore, that if height of the runway image 
relative to the horizon or apparent v·anishing point is an important cue, it 
would be judged fn relation to the frame of reference provided by the cockpit 
windshield anrl tt)e instrument panel. If so, flying an. aircraft with an 
unfamilia~t wind~hield size would be expected to disrupt judgments. While 
further study of ithe cUe ir.volving angular height of runway in the visual 
field relative t9 the horizon would be highly desirable, there is another 
potential cue involving runway shape whiCh seems more likely to be of value 
in judgments of ~pproach angle, especially at night when only runway I ights 
are visible. 1 

That other sJape cue in the runway image has been called perspective (22, 
31) and form rat~o (2), and is, of special interest because it has a very 
simple relation ~o approach angle, distance, runway sizy, and geogr8phic 
slant of the runway. Because the term·' 11perspectiv·e" is· fJ:equently used to 
represent the compound of all Possible cues in the runway image involving 
absolate size, relative size, and shape (27 ,28), the tilore specific term 11 form 
ratio11 will be us~d to refer tO the cue involving ratio of height to 
far-end-width in the runway image. Fo.nn ratio (pet·spective) can be defined. 
for the approach-to-landing siriuation as the ·ratio 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 Figure:]l. For a particular runway, fonn ratio is 
linearly related to angle of appro•ch (for angles up to 10°) and is independ
ent of di6tance, while values of linear perspective change with distance as 
shown in Figure 2. The form ratio cue is also not dependent upon the 
visibility of terrain features. such as the horizon, or upon relations 
between runway image and cockpit wil.dow. The best discussion of form ratio 
in the aviatic.n literature is by Langewiesche (22) who described it as ~e 
11 foreshortened Rppearance 11 of thP. runway which varies with approach angle. 
Langewiesche 1 s instruction to pilots for use of this cue went as foll-ows: 
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Fi£ure 1. Form ratio (FR) varies linearly with approach 
angle as shown for three approa-;:h angles., lj;, 1, 
and 2 times angle-magnitude e. Distance_is 
constant. 
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e 
FR I. 5 

DISTANCE= X 

e 
FR= 1.5 

DISTANCE= X /2 
' Figure 2. Form ratio (FR) is shown for a constant approach 

angle e at two distances from runway thresho1.d, X 
and ~X. Form ratio remains constant with vatiation 
in distance but linear perspective varies <s} ; s2). 

"· • • Thio 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 doWn 
the runway, it is sometimes the only clue, especially if thb 
field is far away from towns or.other lights and surrounded by 
darkness. 

"For the sake of simplicity, assume that the fieli is 
square. Then, if it appears •aa 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 s4uare 
field appears radically foreshortened,you know that it lies 
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I 
"in front" of yJu much more than 11 below" you; you are too low 
and probably can't reach it in a glide. If it loc>1cs "abo••• 
right," you knoJ vou can probably glide into it. 

"This is a fairly reliable clu(~. It will work from any 
alt~tu~·., regardless of the absoluLe height& and d;_stances 
involved; _you get the same degree of foreshortenirg of a 
square a a long As you view it from the· s.:-·'lle a',!b,l~ · whether 
you view it 5 miles away and 3,500 ft Jp, or 0.5 mile away 
and 350 ft Ul'• !Thus, for one given airpl.me (and d'.sregarding 
wind variationc) there is one and o'flly one ?erspecli\·-:.: of the 
field that is 11 ~ight ;'1 it depends of courge on the ship's 
gliding angle • !· . . A pilo!: r.cnn remett'ber,.,- t"e particular 
perspective ..:ha~ goes with his sid.p's partics1~.:tr ~liding 
angle."r(p. 2&2) · 

Although others uave briefl} mentionee'. 11 foreshortening 11 and 11r.erspecti.ve 11 

in the runway image as a r.ue (31), it 'las not be~n diact!sscd j., m"-rc depth 
than in the quOtAti n above. The simple gP.ometric .. l relation of form ratio tt• 
the runway vari.1ble that detenaine ~-t ne!>ds to be made more expl ~ ~~.t, t~e-..·e

fore, and the preciJion with which l'l1ots car, use direct es.t~ ~atcs ~~ fc-,-"'l 
ratio to gauge the ccur.1cy of their ap:Jroach angle needs to be a-sse·-,o;ed. 

Form ratio can le calculated for. a pen ticular ~'pproach angle and. r~nway 
with the equation: 

( 
L ' I F~ D tan 9 I,'} ( 1) 

where FR is form rat·~· 0 I tan a is the tangent o{" t.he wp:.roach angle' L i~ the 
physical length of t e run,.ay, and ·11 is the physical vidth '>f the ru.•way. 
Length and width of the =nway WOI.lld be ·iatermined at n: ;,at · ·• the edg~ a"d 
end lights. This fo1rmul.:- iR a vety close approxim~ttion to !'hP exact value of 
form ratio and will ~ypically no~t'be in error mor.e than~ c perc~nt at an 
approach angle of 3°1, 0.5 p~!"·~ent at an aprt"cach ane,~.c.· llf jno. or 1.5 percent 
at an approach angle; of 10.0°. es~ stimulu!: errors are very ~ma;l re!.:.tive 
to the magnitude of variability w<lich is typical in ?erccptual judgm<mts. 

. ,, 
Form ratio could' also be defi~ed as the rr .. io of height to near-end widt'1 

in the imag<. of the rum·ay. In t~is case, with a constant mgle of &pproact 
to the runway threshold, form "at~o would vary linearly with "?PCOach angl~ at 
a given distance. but would also v,ary with distance as would the linear 
perspective cue and the cue involving height of the runway in the visual fiel.t 
The form ratio cue so deflned woui'd, 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-ritio in terms of the h~ight to 
far-end-width ratio is likely to be llf greater utility .since the airc,aft must 
'iiiiid near the runway threshold. 

; 
To the extent that form ratio .(defined an the height to far-e:'ld-width 

ratio) might be estimated acrurately, it could serve to ~implify the judg~r•nt 
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of e.pprottch angle '>y makine more Cl')ncrete the r:orl.:ept of the .correct approach 
angle'a "appearance"--something that pilots are usually not able to 
verbalize. It might also be of special value in approaching an unfamiliar 
runway if the runway length- width, and geographical slant were known since 
the r.pprc _)riate fo\."1ll ratio could be easily calculat~d in advance. However, 
as m~r.tioned above, it is not known whether form ratio can be judg~a wi•n 
sufficient JJ,Ccuracy to serve as a substitute for the "apj;earance11 judgment of: 
approach angle. There are at leas~ t·.to theoretical reasons for exrecting 
~rrore in the perce?tion of forn. rati~.- These involve the fact that the 
observer d.Jes not have direct ar:cess co me-:tsureme.nts of the images on his 
r~tina. The ooseruer n;·1st rely on t':e perceived relative size of parts of 
the runway to det~r~ine perceived fcL~ t1t;o. f-erceptual errors in esti
matinv: this ratio might be expected as "he rcs1lt of the p~rceptual 
phe1'l'Jtne .• nn termed 11 sh.ape constancyu. (6t 7), and the vertical-horizontal illu
sion (13,~1). Shape constancy refers to the tendency for slanted surfaces to 
be ~erceived to have a shape which cor,eep mds to their physical (real) shape 
rather t-han to their retinal image shliP~ (t:.e slanted shape on the retinal 
image) to the extent that cues to their true 3hape are present. For example, 
f"iven the right cues, a slc~nte<:l sq~.:arc whj_ch has a trapezoidal retinal image 
shapt.. will still bP perceivP.'d as a square. To the extent th~t cues about 
re~l shape are absent, perc'!ived si•ape wi 11 tend to approach retinal image 
shape, ~nd shape constancy is ss.id to der. •easE'. · ·i'he monocular "depth11 cues 
c~~only thought to be important in judgi:g approach angle are known to affect 
shape con3tancy also. Shape constancy rright .affer.t form ratio, by increasing 
the rer:-:eiveJ hE;i.ght tt!rm in F;uation 1 to the e-xtent that observers confuJe 
image height with apparent ~nway length. Projective or-analytic inrtruc
tions o~~hic~ ask the· observet t'". ignore dtpth in the figure would be expected 
to counteract shape con•tancy to some ~xtent (6). 

Th-:: vP.-rtical-i"h.::.rizontal illusion .. ·cfe'-'s to the te1.1dency ior the size of 
vert1ca1 ubje~ts in the visual field to be overestimated relativ~ to the size 
of l\orizontally oricnt~_.J object!:' of t"he same proximal stimulus size. The 
vextical-horizontal illusion would, ~ik~ .ihape constancy, cause the height of 
the rur.way image t~ be overestimated rP.:lative to the horizontally oriented 
image of the far end. This eifect would, however, be expeC"ted to be less 
than 10 percent (21). Form r~tio m'.ght be used as a method of estimating 
approac\. angle ever.. if systerunti...:, but constant, errors occurred as long as 
\·ariability was not t·. u great. C•,tr:pensation for constant errors in a 
partictJl.CJ.r observer r.:m:l"' be accomplis bed by empirically measuring the 
pcrcE:ived form ratio a ->3ociated with the correct approach angle· for that 
individual rather d.an using the theoretically· computed value. This would be 
equivalen.r. to the process mentioned by Langewiesche of an individual pilot's 
remembering •• ••• r'le particular perspecl ive that goes with his ship's 
particular. gliding angle." 

Of additi<nnl interest is the possibility that the concept of form ratio 
may off~r a simple technique to the pilot for generalizin: his experie~ce 
from land'·•&• on ordinary level run•Aays to geographically sloped runways. 
Form ratio for a sloped runway would be calculated by adding the slope angl~ 
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I 

to the desired approach angle (9 in Equation 1) ·Jefore the calculation. In 
the case of an upsloped runw3y, the slo?e to ~e added would have a pdbitive 
value and in the case of a downs1oped runway, it would have a negative value. 

The geometric simplicity of fom ratio and its potential for integrating 
in format Lon regarding approach angle, distance from the runway, variation in· 
rur.way length ar.d width, and geographical slope make it desirable to explore 
the ability of pilots to estimate form ratio and the range of conrlitions in 
which such jud~ents might be useful. 

' 
I 

Altho~gh direct judgments of form ratio in the runway image have not h6;!en 
studied p'reviously, related judgments have been studied which involved the 
apparent 'shape of specblly designed runway -.arkings. Two field studies 
required·lpilots to f!y day approaches such that special markings painted on 
the runway appeared to have equal length and width. n.e markings used 
(diamonds, e 1 ipses, or rectangles) were designed tO have equa 1 height and 
width in the retinal image at specified :>pproach angles (3,10). Both experi
ments found approaches flown in the daytime were similar, with and without 
pilot estimates of fo~ ratio in the special runway markiqgs--with regard both 
to t}~e mean appr0ach angles generated and to variability. Since approach 
angles gt!nerated without fonn ratio estimates were very close to the desired 
valJes, these experiments did not provide an optimal test of t: z utility of 
fo~i rntio in correcting for con:;tant errors. 'The experiment by Browt' ef a!. 
did demouRtrate that form ratio estimates were ineffective in increasinn 
st:tbility of daytime approaches over terrain which provided a rich ·sourt:e of 
visLnl information in addition to the fonn ratio target. As these authOrs 
suggested, the crucial test should occur in a !:.ituation involving reduci>d 
visual cues such as in a;:.proaches over water, desert, or at niBht--situations 
whicit are associated with high accident ratE's and visual illusions. !lrown 
et al. also demonstrated that form ratio was overestimated in full cue 
approach situations in which observers were told to judge "length" of the 
markings relative to 11width." It is possible tl.at had pilots beE,!n instructed 
to jurlge 11height" in tt .. imat,e (projective instructionsJ 4,5) re1.ative to 
width, the overestimation might have been less than the 67 perc.eut which 
B~·own et al. reported. Zuriraskas (32) observe·d 31 percent overentimation of 
.a:onn ratio in diamond runway centerline markings und·er simulated r.ightti=-e 
conditions which did not include runway edge lighting. TI1e grea,ter overesti
mation in daytime conditions would pres11mably be the result of greater shape 
constancy in a full cue sit·uation due to greater visual information. It 
should be noted that, like Brown et a1., Zurinskas apparently qi.d not att~mpt 
to induc'e a projective set in his obs~rvers. The differenc~ irt form ratio 
judgments as a function of visual information does suggest th&t a form ratio 
criterion might not generalize to different situations in which the amount o( 

constancy would vary. However, it ohould be pointed out that as visual 
ion is reduced, shape constancy should decrease and the percepti,_,n of 
io should become more accurate. lt is under canditiona of redu~ed 

tha .. help in judging approach angle is most needed. Zurins'Kas' 
had pilots and nonpilots estimate form ratio in a diamond on a 

pTunway under nighttime conditions. The estimations pf pilots and 
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nonpilots did not differ. Although Zurinsl<.as concluded that variability 
between subjects observed in these estimations was too !".igh for form ratio 
judgments to be useful, he did not include a control condition in which 
pilots made judgment;s of approach angle using normal ni.ghttime cues. There-· 
fore, the utility of form ratio in reducing either constant or variable 
errors cannot be decided on the basis of his data. 

Two experiments are presented here to exp1.ore the ability of pilots to 
cake direct judgmmtts of fonn 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 11black hole. 11 

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 discrimina
tion of uimulated approach angles in the-' critical. nighttime appt"oach 
situation. 

10 
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CHAPTER II 

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 sta~ionary runway model 
to simulat~ a wide range of approach angles and form rat~os. Subjects made 
estimation~ of form ratio and category judgments of approach angle magnitude. 
The categofies of "taigh, 11 11 low," and "OK'' which the pilot uses ma!'y times 
during eacjl approach to landing were used for these judgments of angle 
magnitude.: 

Since -~l)e task of judging form ratio required subjects to look at the 
SCer..e as a ricture ("projective" Shape ins·t:ructions) it WaS hypotheRized that 
form ratio judgments might affect perceived· orientation of the runway 
(increasing apparent slant toward a vert,cal orientatior.) and thereby affect 
judgments of approach angle. To evaluate this possibilily, category judgments 
("high,1

," "low, 11 and "OK") of approach ang!e were made together with for;n 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 required to induce observers to look at 
the runway as a slanted surface in orr\er to ass-ess. possible effects of the 
"projective" set which might be carri-.:d over when prior trials involved 
judgments of form ratio (a sequence which occurred for half the subjects). 

Method. 

SuQ;j~!:· Sixteen pilots (13 males, 3 females) served as subjt!cts. Thei"r 
ages ranged from 21 to 44 years and all had at least 20/20 acuity ~·ith 
correction, if necessary. Their flying experience ranged from 170 to 9,000 
hours with a mean of 2,294 hours and a standard deviation jof 2,480 hours. 

Appar~. The apparatus has been described in detail previou<Jly (24) and 
is shown schematically in Figure 3. The runway model (R) was the· flame as that 
used in two previous studies (25,26). The mod•l simulated the lighting of a 
17Q- by 6,000-ft runway with centerline, touchdown zone, and ari ALSF·-2 approach 
lighting system without sequenced strobe lights. The center of tl-1e model (F) 
could be moved toward the observation point (O) along an apparent path (Q) · 
such that the center of the model was always at a constant viewing angle 
(S=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 (e) was varied by rotation 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 w~re measured 
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 diagra-m of apparatus (Al and A2, remov
able targets for aligning optical system; Bl and B2, 
baffles; C, cart; F, rotation axis; H, horizontal 
line of sight; Ml an·d M2, mirrors; O~eye position; 
Pl, P2, P3 ,. segments of the optical axis; ~, 
apparent axis o£ radial motion; R, ru~way mod~l; 
T, track; 6

1

, viewing angle; 9, model slant). 
I 

approach lights were visible in\ t}'\e scene. The: intensity of these lights was 
adjusted (and then set permanen'tly) to appear subjectively realistic to two 
highly experienced commercial pilots who did not otherwise participate in the 
experiment. Viewing was monocular throUgh a 12~ 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 headr~st were used to ~osition and steady the 
subject's head during observations. 

Experimental stimuli comprised ·a series of 36 values of simulated angles 
of approach to the center of the touchdown zone ranging f~om 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. 
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Procedure. 

Responses. Subjects made· three typ~s of responses: 

1. Estimations of Form Ratio. These judgments concerned the subject's 
perception of that aspect of runway image sha?e called form ratio, i.e., the 
ratio of height in th~ 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 h~ve to be multiplied in order to make it 
appear equal in size to the height of the runway. Estimates were written on 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. Instructions attempted to induce 11projective 11 or "analytic" 
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 in9truction: /"As you l_ook at the runway model, 
imagine that the field-of-view is a scene iri 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?u This instruction was 
adapted from Epstein, Bontrager, and Pat·k (7). For illustrative purposes, 
subjects were. asked to make oral judgments of form ratio in two photograph& of 
the runway model. Form ratios in those photographs were approximately 1:1 and 
3:1. No feedback was given to the S\lbject' s response~ either duri-ng the 
instruction period or during te.s.t trials·. 

2. Category Judgments of Approach Angle. These responses involved verbal 
judgmento of approach angle· in terms of the catego_rie:s 11 low, "· "01<'·1 (or 
acceptable), and "high. 11 The acceptable or "OKu category was defined by 
instructions as meaning that- the simulate j approach angle was within the range 
of approach angles acceptable to insure a safe "landing_. 11 n1e categories 
11high 11 and 11 lowu were defined as meaning that. an altitude correction was 
r•quired to get within the envel.ope of acceptable approach angles, DUring the 
formal experiment, category responses were Written on the .jresponse 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 fractjons of a degree as accurately as 
possible. Responses were written on the response sheet at the end of each 
trial. 

Experimental Conditions. Ea~h 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 v~lues of simulated approach angles in the stimulus series were p~esented 
once in random order. Both blocks of trials in one condition were given ~ 
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 judg_ed whether the simu
lated approach angle appea-red: to be "high," "low," or "OK" and also judged 
the (form) ratio of height to far-end width in t~e runway image on each 
trial. In the Angle Condition, subjects again made category judgments of 
approach angle, but then estimated magnitude of the simulated approach angle 
instead of the form ratio. The o~der in which these two conditions was 
presented was co~nterbalanced over ~ubjects. S~bjects were given a 5-min 
break between the two blocks of trials in each condition and a 10-min break 
between. conditions. Before test trials were begun in each condition, 15 
practi~e trials were given with stimuli randomly selected from the stimulus 
series i for ·each subject. 

A ~·rief 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 ~ights of the 
runwaY wodel came on and were visible for 10 seconds during which the subject 
judged 'lfhether the simulated app·ro.:ich angle was "high, 11 "low, 11 or "OK" and 
then estimated either form ratio in the runway image or the magnitude of the 
simulated approach angle in degrees. When the lights of the model went out 
after 10 seconds, the booth light came on and the subject had 20 seconds to 
wrj.te down his/her responses. During the 20-s-_-; response period between 
tr.ials 1' the simulated ·app·roach arigle was changed by the experimenter in 
p~eparation for the next tr_ial. 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. Approximat-ely 2 seconds aftei.: the noise ceased, the 
next trial was begun. Each block of 36 trials took approximately 18 min an_d 
the entire experimental session lasted about 2 h. 

Results. 

Fonn Ratio Estim~tions. 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 v~lue are. shown. The dashed line repre
se;.lts the function that would be obtained if perceived ratios were identical 
to .:>.ctual ratios. Means and medians of responses are in close agreement and 
indicate overestimation of stimulus fotm ratio throughout the stimulus range. 
The amount of. overestimation decreases relative to the stimulu~ value over · 
the range of stimuli presented. Variability in the range of responses 
(Figure 4) increases with stimulus magnitude. The high and lo•J values 
plotted in Figure 4 represent the highest and lowest estimatio~s produced by 
any subject at each stimulus value and, therefore, confound intrasubject and 
intersubject sources of variability. Thes~ two kinds of vari~hility are 
shown separately in Figure 5. Intrasubject -variability in re$ponses to each 
stimulus was measured by determining for a particular subject the difference 
between the two responses to each stimulus. The root mean squilre diffeJence 
for the 16 subjects was then calculated for each_stimulu~ value ~nd is shown 
fn Figure 5. Intersubject variability was measured by averaging the two form 
ratio responses of each subject to each stimulus and ~alculatirtg the standard 
deviation of these values over the 16 subjects.· 
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Figure 5. Intrasubject (root mean square) 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 plotcted as a ratio of the two 
(perceived and actual) ratios. The ratio of perceived form ratio to actual 
form ratio is a positively acc-elerated, 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 Sin Figure 2) is 
defined here as the angle in the retinal image between runway edge and near 
end lights. 

Catego~ Judswents of Approach Angle. The probability of responses in the 
catez:ories high, "oK," and 111ow11 as a function of actual (simulated) 
approach angles to runway threshold :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 threshold .for "high" was at 5. 0°. "OK" was the most frequently 
occurring response to simulated approach 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 approl!l'h 
angles as high as 5.35° and "high" responses occu'!'redat 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 i~ 
degrees to simulated approach angle as a functlon 
of linear perspective in the runway image. 

"naturalu to pilots, considerable variability is manifest. The mean stimulus 
value judged 110K11 was 3.4°; the median was 2-.85°.· This reflects the positive 
skew of the distribution of the 11 0K" category. 

Comp~rison of Fo~ Ratio and Approach Angle Responses. Comparisons can 
be made of form ratio estimates .ind category judgments of simulated 2.pproach 
angle by using a method operationally similar to the method of su~cessive 
categories (14,23). In this method data are plotted in terms of the ~ 
probability of responsP. as a function of stimulus magnitude. Proba\)ilit;y in 
this context refers to the relative frequency of a category ( "lo~," "OK, 11 or 
'nigh"), or 'J numeral in the cdse of form ratio estimates, equal to or greater 
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Figure 7. 

SIMULATED APPROACH ANGLE (DEGREES) 

Probability of responses in the categories "High," 
"OK, 11 and "Low" aS a function of simulated approach 
angle. 

i 
than a certain value. It should be noted that this method is usually applied 
to determine response thresholds' and response variability in the data of au 
individual observer in a psychophysical experiment; in the present applica
tion, group performance is measured by combining responses of all subjects 

·_and treating them in the same manner as data from a single su~ject. Indices 
·of thresholds and variability resulting from this analysis, therefore, refer 
to a;roup performance. In the rekulting psychometric functions, "threshold" 
for a response category is P(R)~0.5. The slope of the function or the rate 

which the probability of a response incr~ases with stimul-us magnitude is a 
of stimulus discrimination. The more rupidly the probability of a 

increases as a function. of ·an increase in stimulus magnitude, the 
acute discrimination is. These psychometric functions are shown for 

judgments of approach angle and estimates of form ratio in Figures 8 
, respectively. In general-psychometric functions for response eate-

of greater magnitude show a shallower slope. That is, in these 4 

as response magnitude increases, the discrimirtability of stimuli 
The difference between stimulus values assqciate·d with response 
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Figure 8. Probability of a category response equal to or 
greater than .. OK" 3S a function of simulated 
approach angle. 

'.probabilities of 0. 25 and 0. 75, or the interquartile range in each of the 
;psychometric functions in these figures, can be obtained as a measure of 

\1liscriminability. The psychometric functions for "high" responses and "OK" 
·".~ifesponses 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 
·-~·nd corresponding int~rquartile ranges were derived from the ·above functions 
./for the categor}es "OK" and 11high" 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 

and form ratio judgments in Figure 10. These graphs show that, for 
given threshold value, thP. lowest interquartile range values were obtained 

category judgments of approach angle; range values for· fonn ratio 
were slightly but· consistently higher. Category judgments of 

angle were, therefore, slightly less variable than estimates of fonn 
With both types of responses, the interquartile range increases.as a~ 

tion of the stimulus magnitude at response threshold. 
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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. 

Figure 11. Both the mean and median of estimated approacl> 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 l~t lower 
values of simulated approach angle, th ~ distributions of respc~nses to each 
stimulus tended to be positively skewed, with means becoming increasingly 
greater than median responses as stimulus magnitude increase~l. Both 
measures indicate lowest errors in the vicinity of the 3° acthal approach 
angle, overestimation at values less than 3°, and underestimation of the 
actual approach angle at stimulus vabes greater than approximately 3.5°. 
It should be noted in Figure 11 that actual approach angles as low as 0.90 
and as high as 10° produced a response o~~· Although constant errors are 
least at a stimulus value of 3°, the range of estimated approach angles•does 
not seem to be less at this stimulus value .. 

Indices of intrasubject and intersubject variability in estimates of 
approach angles were calculated in the same manner as in the case of form 
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Figure 12. Intrasubject (root mean sq·Jare) and. int<!rsubject 
{standa~d de~iation) variability in estimates of 
approa\-h angle in degrees as a function of simu~ 
lated approach angle. 

ratio estimates. IntrasuDject and int~rsubject variability of responses 
generally increases with magnitudE: of stimuli as shown in FigUre 12. Features 
of interest in these curves are the suggestion of 3 locat minimum"in the curve 
for intrasubject variability betwoen 2° and 3° actual approac:h angles, and 
the increase in slope of the intersubject variability function at about 4°. 
The positive identification of these fea.tures is complicatedi however, by the 
irregularit}" apparent in all parts of these curves. ' 

Probability of response functions similar to those prov~ded earlier for 
form ratio estimations were prepared for approach angle est~~D.ations but are 
not presented here for sake of brevity since angle estimatiohs are not of 
primary interest. In general, the discrimination of stimuli evident ;n angle 
estimate~ was ~<>ss. than with eithe~ category. j.udgments of approach a'}illes or 
form rat:J.O esttmatton as shown by 1.n.!:erquart1le ranges Of p•yehometrtc 
functions in Figure 10. 
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Figure 13. Estimates of approach angle in degrees as a 
function of estimated form ratio. 

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 a function of -mean estimated form 
ratio. Th.~ true relation of approach angle to form ratio is shown by the 
dashed line. lne observed relacion of estimated ~~preach angle. to estimated 
form ratio was approximately linear, but falls below the true relation. 
Variability in the relation inc-reases with response_ magnitude. 

Effect of Form Ratio Estimations on Category Judgments of Approac~1Angle. 
Tht question of whether the "prOjective" set for the form ratio estimations 
would cause .category judgments of approach angle to occur at: lowe·r actual 
angles of approach than in the angle estimation conditioa vas tested by 
comparing stimulus values of .actual approach· angles ...m.ich were j~.1dged 11 0K" in 
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the two conditions. CalculationS were mad.e of the mean, the median, the low, 
and the range of actual approach .mgles judged "accept~ble" by each subject 
ir. each of the two conditions. The average of each of these statistics is 
shown for both experil!l.ental conditions in Tab~e 1. 

TABLE 1. The Averages in Degrees of the Mean, Median, Low, and 

Range of Simulated Approach Angles Judged "OK" by an 

1 Individual Subject on Both Approach Angle E~tirnation 

I and Form Ratio Estimation Trials 

·I Angle Fonn Ratio 
I Estimation Estimation 
Statistic Trials Trials Difference 

Mean 3.56 3.43 0.13 

Median 3.49 3.36 0.13 

Low l. 56 1.66 -0.~0 

Range 4. 58 4.17 0.41 

The mean actual approach angle judged 110K" averaged 0.13° higher in ~he 
Angle Condition than in the Form Ratio Condition. This difference was not 
statistically significant, nor were the t!ledian,. lowest value, or 'range of 
stimuli judged "OK11 sig"nificantly di~ferent in the two con.ditions as deter
mined by independent t .tests. The 0.13° differenc~ in stimuli judged 

11
0K" in 

the two conditions is-extremely small relative to the mean range of. stimuli 
judged acceptable by individual subjects and is on the prder of m~gnitude of 
e.rror inherent in the apparatus for measuring simulated approach ~ngle (0.1°). 
Estimations of form ratio, therefore, h.id no effect on ~ategory j,(dgments 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 th~ present 
study were analogous, therefore, to judg'llents of an unfamiliar rllnway as 
would be tte case the first time a pilot landed at a strange airport. The 
most important finding was that such judgments of approach ang!e were 
extremely variable. Simulated app~oach ar.gles from 0.9° to 10.00 elicited at 
least one 110K" response in the group of subjects and ·the ave·rage range of 
angles judged "OK" by an individual was greater than 4°. These finding; 
suggest that ability to judge approach angle is limited when the ortly cues 
available are size cues and shape cues in the iunwS.y image. This finding of 
great v.1riability both between subjects and within the perfonnance of an 
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individual indi~ates the need ·for further study of the generalization of 
visual experien~e from one approach-to-landing situatio_n to unfamiliar runway 
situations, esp~cially when the unfamiliar runway involves the nighttime 
11black hole" situation. 

1Estimations of form ratio as well as category judgments of approach angle 
exhibited considerable variability, both within the responses of an individual 
and between subjects. Category judgmentscshowed 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 ;for judgments of approach angle, in agreement with the 
findings of Browp et al. (3) as previously discussed. It should be noted, 
however, that ob:servers in the present study had no ·prescribed training_ in 
estimating form f.atios. Such training might reduce both intra~ubject and 
intersubject var~ability. While intersubject variability mighl be reduced by 
training, it cou~d also be compensated for by utilizing knowledge of · 
idiosyncracies ih psychophysical functions relating perceived form ratios to 
actual approach rngleo. Separately determining for each subject the form • 
ratio value assopiated with the desired approach angle for a particular 
runway is such al compensation technique and it is identical to the procedure 
which Langewiesche (22) and Wul feck et al. (31) described for adjustment to a 
new runway. Although ·the present data do not support the utility of form 
ratio estilnates fs a suppleme-nt to approach an:gl-e judgments, they do 
demonstrate that1estimates of form ratio do not affect judgments of approach 
angle made at the same time. lt is important that this_ be the case if form 
ratio estimates +re to have any value. Category judgments of approach angle 
in terms of "higl)," "OK," or "low," ·the conventional pilot's judgment would, 
therefore, be available as a check on approach angle judgments based on form 
ratio estimates. I 

OverestimatiJn of both perbeived form ratio and approach angle (in 
degrees) was a linear function[ of linear persp-ective in the runway image such 
that overestimation increased as simulated approach arigle decreased. As the 
above relations require, estimated approach angle was a linear function of 
estimated form ra

1
tio. 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 det~rmination 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 ex.periment, but future research-should attempt to 
determine the importance of both stimulLq form ratio in the runway image and 
apparent form ratio as determinants of approach ang~e judgments. The present 
findings indicate that direct estimates of form ratio cannot supplem~t judg
ments of approach angle, but if apparent form ratio is· a cue for judging 
approach angle, variability in approach anga.e judgments may be "explained" as 
du~ to variability in perce~tion 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° approc.ch angle, their aver2ge respons.e would. 
result in a 2.6° approach angle to threshold. This contrasts with data of a 
previous experiment (26) involving a task in which pilot- attempted to adjust 
the mode·J. 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, wc:s 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 exp~riment reexamines 
responses of pilots in a dynamic task requiring thern to produce a 30 
approac)l angle. 
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CHAPTER III 

EXPERIMENT II 

Introduction. 

The previous experiment examined constant an_d variable errors in e3tima
tions of fonn r&tio and category judgments of approach angle at one simulated 
distance from ruitway threshold. This present experiment was desi5ned 
primarily to investieate how those functions would vary with distance f-r-om 
threshold. It also sought to cl"mpare verbal estimati:m responses in the 
static (stationar-y) condition with 11pi-oduction" responses made under more 
reali::::t~c· dynamic conditions in which the model was moving and observers 
contrclled the slant of the model ( i) to produce particular values ·Of forn1 
ratio (1.0, 2.0, and 3.0), or (ii) to produce a 3° approach angle. F~r a 
~unway Jith the dimensions of the present model, tte form ratio of 2.0, if 
produced' p.ccurately, would give a 'generated app:r\,ach angle of 3. 24°, 
Performance in 30 approach an,gle and 2.0 form rat.io pro"duction tasks were 
compared _regarding constant and variable errors. 

;Estimates ~f approach angle in degrees obtained in Experiment I would 
pre9ict that, if asked to produce a 3° approach angle, pilots would actually 
produce a 2.6° simulated app~oach angle on the average. As mentioned above, 
that prediction conflicts with findings of a prPvious study (26) in whjch 
pilots produced a simulated approach angle to threshold of approximately 1.7° 
when instructed to produce a 3° approach angle. This difference might be. 
attributed to the fact that piiots 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 horizcntal, i.e., parallel to the ground. The mo-<lel 
ll:ppeared hor1.zor.tal, on the average, at a simulated approach angle of 
approximately 1° and pilots typically never saw the model at a simt,~lated . 
approach angle higher than 3°. ·rt is possible that prl!ot' exposure to a small 
range of low simulated approach angles affected the criterion of piLots in 
·the subsequent trials of the 3° production task in that pre'(ious study (26). 
A possible mechanism for such an effe_ct is suggested by adaptatiqn level 
theory (18). 11te perceptual magnitude Of any stimulus, e.g., a ])articular 
angle of approa.ch, is detennined 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. If the criterion l:or a 
desl.rable approach angle was near the adaptation ~eve!, respohsf;p in the 3° 
production task wonld be lowered following the horizontal adjusti11ent tric!l s 
in the e&rlier experiment. To test this possibility, half the Shbject:s of 
the p·rese:1t experiment made 3° production 1.-esponses without priOr performance 
of any task and the other half made 3° proquction responses foliowing trials 
on which fonn ratio was estimate<l over a wide range of _--simulated appro.a·ca 
angles. It was predicted that, when 3° production responses were obtained 
first, the average generated approach angle would be (i) greater than that 
observed in the previous experiment but (ii) less than in the condition· in 
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which the moCel w~s seen over a wide range of simulated approach angies as 
high as 7° prior to the 3° production task. 

Method. 

Subjects. Twenty male pilots served as subjects. Their ages ranged from 
26 to 58&years and all had at least 20/20 acuity with correccion, if 
nece&sary. 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 pilots had 
an instrwnent rati':ng. 

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

Procedure d ..... ~_.. 

Static Trials. On all static trials, subjects ag3in tnade category judg
ment.-of-;ctual approach angles to the model runway and estimated form ratios. 
Estimations of ,qppi-oach angle in degree-!! were nqt made at any time during 
static trials of this experiment. The procedure for static trials was 
identical to that. in Exp~riment I with the exceptions that observations were 
made at two simulat,ed distances from threshold, 8,000 ft and 26,000 ft, and 
an abbreviated set !of ep]>roach angles .was used. 

At both 8,000 Jt and 26,000 ft simulated distan·ces, approach angles to the 
middle of the touc~down zone varied from 0. 5° to 6. 0° in steps of 0. 5°. At 
the near distan;;e t~is corre·sponded to 12 approach angli!S. to ~hreshold. from 
0.59° to 7.12° >n e·qual steps of 0.594°. Actual form ratws .>n the st>mulus 
seriE·s 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 farm ratios in the stimulus series for the far 
distance ranged from 0.33 to 3.9d. Simulated distance was varied in five 
blocks cf trials in: two orders, AA.BBA and BBAAB. Order of distance presenta
tion was counterbalanced by rando'mly assigning each of the two orders to half 
the subjects. Each block of trials 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 ~lock of trials- was- f.or practice purposes 
and t!l.e.se data were not analyzed.·: 

Pynamic Trials. On dynamic trials, the subject controlled the angle of 
approach to make the farm 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 d· 
Experiment I. Each ratio wris produced· three "timeS, each time with. the model 
at a different slant at the start of the trial. The starting ar.gles· used 
with each ratio criterion were -1.0°, 0.0°, and 1.0° froM the simulated 
approach angle producing the stimulus form ratio specified by the response 
criterion. Two practice trials preceded test trials in the dynamic cond~tion. 
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The nine combinations of three starting slants and three ratio criteria were 
presented in random order. 

3° Approach Angle Production rask. Subjects were given six trials on 
which they were asked to contrc?l the model " .. ,. in order to make the runway 
look like a runway does on a 3° glide path dur~ng art approach to landing." 
On 3° criterion trials, two starting· approach angles were used, 0.5° and 3.oo, 
in order to make this condition comparable to that of ·eR earlier study (26). It 
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 
~en the same Psychophysical method us~d in the present experiment was 
involved. Starting angle was counterbalanced over subjects by assi·gning 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 of trials were presented in two orders: The first order 
presented to half the subjects was (i) 3° Production, (ii) Form Batio 
Production, and (iii) Static Trials: The other order wa·s (i) Static Trials, 
(ii) Form Ratio Production, and (iii) 3° Production. On dynamic trials in 
both the Form Ratio Production and the 30 Production conditions, the model 
was alJays visible as it apprOached 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 modified method ·of adjustmen.t. The 
model was constantly rotating in the vertic11l plane . .:1s i.t .approached the 
subject ~ur1ng experimental trials. The subject's task was to control the 
direction of rotation either to make the model look like a run\o1ay does on a 
30 approach or to produce a p-articular fori!l ratio on the run-way image. Each 
time the model appeared to be rotating away from the deSired response 
criterion the subject was instructed to reverse the direction of rotation to 
make the model rotate back toward the orientation at whfch it appea.red to 
match the perceptual criterion. During adjustments in both static and 
dynamic conditions, the model rotated in 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 rum<ay 
threshold is shown in Figures 14 and 15, respectively. The functions relating 
mean and median response.s to actual form ratio are in close agreeritent as in 
the data of Experiment I. OveLestimation is slightly less, howeve~, over the 
entire range of stimulus values at the farther simulated distance. Inter
subject variability measured in terms of the standard deviation of indiv~ual 
means is shown as a ftinetion of actual (stimulus) form rat"io for both simu
lated distances in Figure l6. Intersubject variability was only slightly 
higher at the near distance. Intrasubject variability~ shown in Figure 17, 
was measured in terms of the ·root mean 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 ft) distance. 
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responses by each Sllbject to each stimu.Ius. No conSistent ~ffects of 
distance are notable with the exception that the increase in intrasubject with 
actual form ratio is somewhat more erratic at the nearj distance. 

The probability. of category· judgment responses in· the categot.'ies uhigh,~'· 
"low," and "OK" for the combined responses of the group is shown as a function 
of approach angles for both simulated distances in Fig'tres 18 and 19. The 
threshold ( p=O; 5) for "OK" was at an approa.ch angle of about 1. 8'' and the 
threshold for "high" was about 4.0° at both near and far distancf•· At both 
distances, one "OK" response each occurred at the lowest approae~ angle, 
0. 59° at the near distance and 0. 52° at the far distance. Note that a "high" 
response occurred at an appro,!l.ch angle of 1.2° at the near di.st~hce. The mean 
approach angle judged "OK" was 3.21° at the neal' distance and 2.95° at 'the far 
distance. Medians were 2.94° and. 2.64° fdr the near and far diStances, 
respectively, reflecting the positive skew of the distributions for the "OK11 

category shown in Figures 18 and 19. The mean of the lowest stimulus va<lue 
judged "OK" by each subject in the group was 1.96° at the near ciistance and 
1.80° at the far distance. 
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Figure 23. Intert}uartile rang'e as a function of req>onse thre.shold for 

categr-y judgments of approach angle and form ratic;> judgments. 

As in Experim~nt I, form ra~io estimates and category judgments of sim~
lated approach angle are comparrd by plotting relativ~ frequency of a cate
gory ("low," "OK," or "high"), P"=" a numeral equal' to or greater than a certain 
value in the case 'of fonn ·catioi judgments, as a function of approach angles. 
Psychometric func~ions are shoW for "high" and "OKn responses in Figures 18, 
19, and 20. Psycljometric functions for form ratio responses ~.0 through 5 .. 0 
are shown in Figures 21 and 22 .. , Thresholds and interquartile ranges were 
derived from the above fu~ction' {i) for the categories "OK" and "high" and · 
(ii) for the responses 2.0 and 3.0 from form ratio data. The interquartila 
ranges are plotted as a function of response threshold in Figure 23. There · 
is a tendency for response variabi~ity, as Keasured'by_ the.interquartile 
range, to increase as response threshold increases, With the exception of form 
ratio responses at the :tar distance. RespOnse variability is also lowe·r for 
a given magnitude of response threshold in form ratio estimates th4n in 
category judgments of approach angle, in contrast to. the finding of ~ 
Experiment I. 

Dyndmi.c Condition. Responses for al! tasks of the dynamic c·onditTo-n",ere 
measured oontinuously in terms of the generated approach angle to threshold 
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Figure 24. Generated approach an~le in ·the dynamic condition as 
a f·.z.nction of distance for the three form ratio 
production tasks and the 3° approach angle 
production task. 

throughout each simulated approach as in Experiment I. Generated approach 
angles over the distance ra!lge of 20,000 fc to 8,000 ft from thre•hold 
~ere analyzed. Mean generated approach ·angle ts shown as a functio~ 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 10°) by the samo 
linear function at all distances, c.:>rresponding values of form ratio genercited. 
in these responses can he read on the ordinate at the right side of F.igure 24. 
In the 3° Production responses, gene!.'at".ed approach ang~es averaged over all 

41 



' 

I 

subjects inccease steadily from 1.93° to 2.54° as distance from threshold 
decreases. No such effect ·of distance is observed in Fonn R.a~i'O Production 
responses; both approach angle and form ratio were overestimat-e": in all cases. 
In the 3° P~oduction task, approach angle was overestimated by approximately 
33 pe:r:ccnt. In producing the form ratios of 1.0, 2.0, arid 3~0, over.estima.
tion of actt1al form ratio was approximately 54 percent, 2) percent, and 13· 
perc.ent, respectively. ln the Form Ratio Production task, responses were 
consistently about 0.6 ratl.o unit. less than the .task criterion, so overesti
mation (taken as the ratio of task criterion to response ~~gnitudz) decreased 
as criterion magnitude incro2ased. Constant errors, averaged over distance, 
indicaf.e slightly less deviation from a -3° generated approach angle with the 
2.0 fofm ratio criterion than· when Subjects actually tried to produce a 3° 
approa~h angle. 

Fot an in_dex of inte·rsubject variability, the standard deviation of 
subject means in each task is shown in Figure 25 as a function of distail.ce. 
Intersubject variability increases with magnitude of the criterion in Form 
Ratio Production tasks, and iS 'considerably grea-ter in the 3° Production task 
than in the ?..0 Form Ratio Production task. .Intersubject va-riability in the 
3° Production task is almost as great as in the 3.0 Foron Rat:io ta.sk. 

! ' . Intrasubject variability for the dynami:c condition was measured by ca-lCu-· 
l~ting' the standard deviation in. a subject's responses fo-r a ·given task over 
ail ti:-ials in each task. The average intrasub.ject standard deviation is 
shown in Figure 26 as a function of distance. In Fonn Ratio Produc~ion tasks, 
intrasubject variability increases with form ratio criterion tr~agnitude, but 
ihtrasuhject variability with the 2.0 Form Ratio criterion was less than iri 
the 3° Production task only at simulated distances of 11,000 to 2,000 ft 
from threshold. 

For comparisons of responses in the static condition wi.th tesponses in 
the dynamic condition, the approach angles corresponding tQ estimated form 
ratio values of 1.0, 2.0, and 3.0 were obtained for both distar~ce"s in the 
static condition from Figures lt. ... and 15, and plotted 3s a function of 
distance in Figure 27 along with the average value of approach angles judged 
"OK" at each distance. Overesti'llB.tioq 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 $tatic condition 
which were associated with estimated form ratios of 1.0. 2.0, ~nd 3.0 predict 
the responses of the dynamic condition fairly well wi..th the e~ception of the 
distance effect that occurred in the static conditi-on. The a-\ferage approach 
angle judged "OK11 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 sirnu.lated approach angle- judged "OK" w.'!S 

higher at the near distance than at the far distance, in agret~ment with 3° 
Production responses. ' 

Of particular interest is the comparison of. 3° Production resp'Jnses and 
the 2.0 Form Ratio Production responses, since the latter would yield a 
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Figure 26. Intrasubject V-ariability (standard deviation) in the 
dynamic condition as a function of distance for form 
ratio production tasks and the 3° approach angle 
production ta.sk. 

similar approac!1 angle (3. 24°) if responses were accurate. In Figures 28 
and 29, means and medians are presented for both responses as. well as t-he 
highest and lowest generated approach angle produced by any subject at each 
distance. Although intersubject variability in the 2.0 Form Ratio · 
Production tas~ was reduced by 40 percent and intrasubject variability by 
27 percent at the distance of 8,000 ft, the lowest generated approach angle 
by any subject a• 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 ie 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 angles ifl the 2.0 Fonn Ratio Pt:"oduct-ion taak and 
the 3° Production task at the 8,000, 11,000, 14,000, 17,000, and 20,000 ft 
distances were compared in a split-plot facrorial 'analysi~ of variance. 
Order oi task presentation (3° first vs. 2.0 first) was the between-groups 
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Figure 27. Mean simulated approach· angles· in the 
stiltic 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 
aignificant effect was the main effect of distance (.P_ < • Ol). Individual 

··I:CII!II''ax·uons of cell means in that interaction revealed that generated 
were significantly higher in. the 2.0 Fo= Ratio l'roduc~ion 

' .• illll~llltood dbtances of 14,000 ft and greater; The main iJffect of 
to be significant only in the 3° Production t#sk. 

englea tended to be higher in the su~jects given 
· . the effec.t of order was not signifid1lnt (. 05 < .P. 

·co1~C!e•r on 30 Pto4uct~on responses will be further 

toaponsea over repetitions for ~ 
-~----•.o ae an index of intrasubject . 

analyzed in a split-plot analysis 
presentation, task, and dist.aoc·e. 
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Figure 29. Mean, median, and range of responses in t~e 3° 
approach angle production task. 

No significant effects were observed in this analysis. Although intrasubject 
variability was lowest B.t 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 Wa·,s also . 
examined using the range of a subject's responses over repetitiOns in the twc 
tasks. Again, ANOVA revealed no statistically significant effects _of task, 
distance, or order, although the intrasubje~t range-of responses tended to be 
less in the 2.0 Form Ratio Production task than in the 3° Production task as 
shown in Table 2. 

Intersubject variability, as mentioned above, was co~sistently 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 amo~g individual~. 
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TABLE 2. Intrasubject Ra.nge of Generated Approach Angles 

i.n Degrees as a Function of Dista~cd in the 2.0 

Form Ratio and 3° Production Tasks 

Distance (.feet) 

Task 8,000 11,000 1.4 ,ooo 17,000 20,000 
I 

I 30 .915 .875 .805 .800 .830 

·I 
2.0 . 6~5 .635 . 735 • 770 .715 

TABLE 3. Intersubject Variability as Heasured by the Variances of 

Responses at Five Distances from Threshold in che 

2. 0 F"orm 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 .401 .741 
2.0 .401 .289 .286 .273 .2Ti .305 
Ratio 2.756 3.149 2.598 1. 989 1.455 2.430 

subjects of mean generaLed approach <Ingle in the two tasks at ·.a.ch of five 
distances. In both tasks intersub.ject variability increaJ!1ed a~ simulated 
distance from threshold decreased. Variability of response wafl consistently 
higher in the 3° Production tank and the average ratio of variltnce in that 
task to ·.-;>riance in the 2. 0 Form Ratio Production task is 2.43. Differences 
in the magnitude of variances in the two tasks cannot be evalu~ted by the 
conventional F-ratio due to lack of independence of scores in the two tasks. 
Statistical comparison of intersubject variability on the 2.0 Form Ratio and 
3° Production tasks was, therefore, perfonne.d by converting the mean, .generated 
approach angle for a given subject to an absolute deviation from the group 
mean at each of the following simulated distances from threshold: 8,000, 
11,000, 14,000, 17,000, and 20,000 ft. 

<I 
A split-plot analys;.s of variance was used to examine the effects of task 

order, task, and distance on this ~easure of intersubject vartability. ·The 
only significant effects were the main effect of distance (E ~ .001) and the 
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interaction of task with distance(£< .025). As shown in ~able 4, 
absolute deviati¢ns of individual means from the groUp mean for a particular 
task and distance were 60 percent larger, on ~he average, in the case of 
the 30 Production task. This effect of task on intersubject variability 
incrE::ased as distance from thre_shold decreased. Comparisons of individual' 
means in the interaction of task with distance indicate ·that intersubject 
variability was ~ignificantly less in the 2.0 Form Ratio task at the 8,000 
ft and 11,000 ft: distances. 

I 

I 
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 

I 
Distance (Thousands of feet) I 

I 
8 11 14 20 Task 17 Mean 

' 
I 2.,0 .44 ,37 .35 ,37 ,41) . 39 

39 • 75 • 7') .63 .54 ,l .. fj .63 
I 

I 
I . 

As d{scussed above, the ~0, Production task was administered in the 
present experime~t (i) following fonn ratio judgments in·j st~tic and 
dyna:nic trials with half th" subjects, and (ii) prior to those form 
ratio trials witq the other half of subje_cts. In a previou& study (~6), 
30 Production responses "''ere oPtained following .a series of dynamic trials 
on which pilots adjusted the mbdel to appear horizontal (parallel to the 
floor). These three treamcnts.

1 

were evaluated regarding effec··:s on 
generated approach angles in the 3° Production task. Data from the 
earlier study (26) were rP.:port~d in tenns of generated approach angles to 
the midpoint of the touchdown ?.orie. Generated approach angles to threshold 
were calculated from those data for comparison with data of the present 
experiment. Tite mean generated approach an6ies to tht'eshold are shown in 
Table 5 as a function of prior experience and di_stan-ce. Responses 
were averaged over each of the two 1-Qile segments of simulated 
approaches between 20,000 and 8,000 ft from threshold for. this analysis.~ 
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Generated appro<lch angles were highest (2.57°) in the group which had Form 
Ratio Production first, next highest (1.99°) in the group which h~d the 3° 
Production task prior· to any <>i.her task, and lowest (1. 72°) in the group ·from 
the earlie.r experiment which h8d horizontal adjustment trials firs·'· The 
responses of the three grou.ps were compared atatistically in a split-plot 
analysis of· 7ariance with prior task as the between-groupg variable aqd 
distance as the within-group variable. The main effect of prior task was 
significant (E < .05) 1swas the main effect of distance (E_ < .• 01). The 
interaction of ·the two variables was not significant. Individual comparisons 
of meafis at each distance interval indicated that the mean genera~ed approach 
~ ngle in the "form ratio firRt 11 group· was significantly higher than the me-an 
generated approach angle in the 11horizontal first" group at·-.both the near (~ 
< .01) and far (E_ < .05) distanc~ intervals. The mean &enerate-d appro.cch angle 
in the group given the 3° PrOduction t~~:Sk first was intennediate, but was not 
significanLly different from the mean~ of· either the 11 form ratio first" group 
or the "horizontal first" group. · 

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

Task as a Function of Task Order and Distance 

Task Order 

Form Ratio )0 Horizo~tal 
Distance First First First 

------~------------------~------~-------

Discussion. 

8,000-14,000 ft 
14,000-20,000 ft 
MEAN 

2.76 
2.38 
2.57 

2.12 1.71 
1. 85 1. 72 
l.H 1.72 

~proach Angle Responses. The great variability in judgments of approach 
angle in both dynamic and static conditions was the principal finding, as iR 
Experiment I. Of particular importance is the fact that simulated approacR 
angles as low as 0. 5° 1Nere judged acceptable for approach to landing in static 
tria:c and angles as low as 0.8° were produced in the 3° task of the dynamic 
condition. The importance in the avia~ion situation of the ocCasional 
acceptance of such extremely low a~prc 1:h angles as safe· is clear.,: A pilot 
only has to crash short of the runway once in his career to destroy his and 
hio passengers' lives! This acceptance-of dangerously low approach angles in 
both static and dynariic cases reinforces previous warnings of limited ability 
to judge approach angle accurately in the nighttime "black hole" situation (26). 

<I 
Although variability of ~espons~s was perhaps the most important finding, 

constant errors in- the dynamic 3° Production task corrobo-rate previous 
findings (26) that angles of approach are overestimated in nighttime 
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approaches. The. present s 11dy extends this finding to show that the magnitude 
of overe~t~t!lation is :influenced by prior extlerience in vis11al tasks performed 
with the runway mod.::d. aad t"hat overestimation in.:rP~ses with distance. The 
comparison of rest:.onces in the 3° P;~:oduction task .as a funcLion of prior task 
performanct showed that generated approach angles tended to be about o.so 
higher when they follow~d fonn ratio estimations than '"hen the 3° Production 
task was gi~en first. In cuntras=, prior par~icipation in the horizontal 
adjustment task of the earlier experiment (26) lot-:Lred responses about 0. 25° 
rela~ive to the "no prior task 11 cond1tion. Two possible CC:4"·Sts of such effects 
of ptiot· tasks ar.e suggested. Adapt&tion level theory would predict that the 
rang¢ of stimuli shown prior· to the 3° Production task would aff2ct S1Jbse
q1.''2:n~ judgments in t'.1e 3° task by its effe::t on adar>tati..on level ~s discussed 
abov~. Simply Ree~ng the wide range of angles in the form ratio tasks would 
elevjlte adaptation level, and cxpclsure to consister.tly lo~ angles of approach 
in th'f horizo'"ltal orientation task (26) would lower e:tdaptation level. 
Appar~nt magnitude of approa.;h angle would Le judged relative to adaptation 
l~vel and, therefore, wo\".ld shift with adaptation 1evel. These effects oi 
prior tasks should be rf·.-:..c.amined. If adaptation level theory doe.<; apply to 
the process of j1.1dging approaeh an~les, the phenomecon o!: a shift in 

.1aJaptntion level might provide> a useful technique for ~valuat:ing the 
importance of ·~he possible· cues for judging an ·approach ang.le. Cues such as 
lin1~a-:- perspec: ive and form ratio could be varied independently in trials on 
which subjects ~imply observed =nodels at selected values of ai.mulated app1:oach 
angle. The magnitude of the effects of their prio-r experience on res·ponses 
in a subsequE-nt 3° Production tttsk would indicate the r'la!:ive Importance· of 
the particular cue ,,.aried it;l "adaptation11 trials. 

A second possible mechanism fot' effects C"f prior tasks t\pon subsequent" 
perfonnance in the 3° Prouuct ion task is respon;;e· bias. Response bias might 
involve a sequence effect similar to t11at described by Baird and Norna (1) and 
others (19,29) :in which a response tends t.o be assimilated toward the value of 
the immediately prior re$ponse \-tithout awareness o~ the observer. Future 
res~arch sho1t"~d attempt to determine if the effect of pt"ior task~ it valid 
antJ, if so, wheth~r stimulus effectR on adaptation level or rE::sponse effects 
are involved. If effects of prior experien..:e exist based 01 simple exrosure 
to the run\o.,ay without feedback, they would suggest an i~portant interaction 
between successive approaches. For example, a low approach would b~ 
predicted following a prc·Jious low approach if negative fe£-l.)back was not 
obtained. 

Form Ratio Estimates. Actual form ratio in sta:ic and dynamic trial8 was 
overestimated on the average, with the ratio of estimated 4:,.., act1lal fonn ratio 
decreasing s~~stematically as actual form rat.iC' increased. This decre:1se in 
relative magnitude of constant errors with increasing stif11Ulus magnitude is 
most likely due to decr~asing shape constancy aS a re~ult of ·-=-l~ang-es in l.:_ne!lr 
pet"spective in the runway image as diRcussed in Experiment I. The ~ffect of 
distance on form catio estimates, slightiy less overestimation a~ the farther 
distance, is al~o probably due to &hape c0nstancy. For a givLn simulated 
angle, linear ~erspective inc~easeJ ·with dist2nce·causing a decrease in shape 
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constancy.. The slight decrease a~ the far distance in static trials in the 
mean simulated approach angle judg~d 110K11 might also be related to changes in 
linear pers~e·ctive as a fUnction of distance. This woul<l be expected if 
pilots used a constant criterion of linea-r perspectiv-e 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 or judgments in terms of interquartile ranges of 
psychometric functions indicated slightly lower·variability, and therefore, 
mo~e p~ecise dis~rimination of simulated approach angles when form r1tio was 
being judged. This effect was not large, however. Considering the contrary 
finding of Experiment I and the variabili-ty of form ratio .astintates, it mus-t 
be concluded that responses in the uta.tic co~adition do not suppo.rt the 
hypothesis that estimates of form ratio can supplement judgments of approach 
angle. · 

Comparison cf 2.0 Form Ratio and 3° Production Tasks. The comparison of 
perfonLtBnce in the 3° Production task and the 2.0 Fonn Ratio task is of 
particular interest since accur~te performance in both tasks would have 
produced an approach angle of close- to 3°. ~e.garding 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 les·s in the Form Ratio task, intersubject 
variability was significantly less at nearer distances, fro.m 11,000 to 8,000 
ft from threshold.. These findings suggest a small advantage for font! ratio 
judgments, in terms of both constant and variable errors, although a much 
greater reduction Of errors in generate~ approach anglP. is needed, from the 
point-<'f-view of aviation safety. In general, the above findings corroborate 
the earli~r conclusion that the utility of fG>rm ratio judgments as a 
supplem~nt for approach angle· judgments is doubtful. 
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CHAPTER IV 

OVERVIEH 

The most important fine! ":1g of the two present experiments is that judg
ments of approa.-:h angle were· extremely variable in the nighttime approach 
situation when the only sources of visual informatiQn for vertical guidance 
were the cues in the runway image. Of particular significance is the fact 
that siu>.ul

1
ated approach angles as low as 0. 5° were judged acceptable for 

approach t,o landing and angles as low as 0.6° were generated on occasion when 
pil0ts wetje attempting to produce a 3° approach ang~_e. 'These low responses 
represent jdangerously low angleS of B?proach which could be catastrophic in 
actual apProach situations. The lability of the perceptual process involved 
is furthetl illustrated by the sensitivity of th•.t process to the range of 
simulated ,approach angles seen in other tasks prior to the 3° Production 
tasks. St~cing lew 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 in~reased th~ angle perceived to be 3°. In addition 
to the extremely low responses, the present findings also corroborate previous 
results in, this laboratory (26) regarding a tendency to overestimate angles 
of apP-roac;:h less than 3°. Although it is son". times stated that cues in the 
runw'ly ill'.age 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. 

~e present experirnen~al tasks did not involve feedba~k and, therefore, 
simula-ted the case of judging approach angle at an unfamil.iar airport. 
Hasbrook, Rasmussen, Willis, and Connor~ (17) studied actual night .and da:r 
visual approaches made by highly experienced professional pilots ~<ithout the 
aid of an altimeter or any landing aid. All approaches ·were made to the ssme 
large, familiar, well-lighted airport located on the edge of a large city. 
Night approaches averaged about lQO ft lower than day approaches, but the 
most pronounced difference between the distributions of day and night 
approaches was that the extremely low approaches were much lqwer nt night. 
Hasbrook et al. reported flight path dat~ in terms of altitude as a function 
of time before t:eaching the middle market. Calculations of gener;Lted approach 
angles, for distances of 8,000 and 20,000 ft from threshold for thl!se data are 
tased on an assumed airspeed of 112.5 knots (which was the ave-rag,~ in 
Hasbrook's study) and indicate· extremely low approach angles of 1.60 and 1.4o, 
respectively, at those distances. These ar~ at best approxioatidns based on 
measurements from graphs, but they indicate that ~.ven witl. a familiar runway 
undesirably low approach angles can occur at night 'without the pHo·i:'s 
awareness. The present study indicates that even lower and more dangerous 
angles of approach can occur when descending toward ~n unfamiliar runway. 

The fOrm ratio cue discusaed abov:e. cc;mld_, theoretically, provide a 
for assessing approa~h angle based on the: simple ratio of two angles 
subtendcd in the retinal image, the runway height and widt.h of the far 
Responses involving apparent form ratio, however, did rrot indicate 
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significantly bqtter identification or discrimination of simulated approach 
angles than did jrcsponses involvit~g ap·pa~·ent magnitUde of the approach angle. 
The presC'nt findings, especially that of similar intrasubject variability in 
for-!11 ratio and appr-oach angle responses) do not support previous suggestions 
in the literature (22,31) that direct attention to form ratio can supplement 
or improve judgments of approach angle. The present findings do n~t eliminate 
the possibility;that form ratio may operate as a cue a~ an unconscious level 
in the dctermin8.tion· of perceived angle of approach. In sa~port of this is the 
fac.t that, on the average, estimated approach ar.gle varied as a linear function 
of estimated form ratio. If it is a cueJ it is ineffective in reducing varia
bility of approach angle judgments to an acceptable level. The possibilily 
disc-.J.ssed above l (that form ratio judgments may be used to compensate. f<'r 
cor,stant approadh angle errors in a par.ticul.:ir pilot by empirically measuring 
the perceived fqrm ratio associated with thE"- correct app:-oach angl.e fOr a 
particular runw~y) should be tested •. The present findings suggest that such a 
p1·ocedure might jbe helpful since individual differences in responses were 
subs tant ia:l. l 

I 
Linear persPective was shown to be a cue of importance since it ~.ras 

directly associJted with er:ors in jUdgments. of app:"" .. ach angle an? form ra~io 
and, lherefore, !should rece~ve future attent~on. S1nce the fonct1on relat~ng 
linear perspective to approach angle varies with distar.ce, future research 
should study ho~ the ap•>arent magnitude of linear perspective and apparent 
distanc.:e are related to judgments b-f approach angle. 

The present study reinforces previous warnings of the danger in night 
visual approach s and gives evidence of even greater danger in the case of an 
unfarr.iliar runwJ.y. The occurrence of undo;:tected extremely low appro3ches at 
night indicates I a need for improved training for night approach.es with · 
emphasis on thejgeneralization of experience to unfamiliar airports. There is 
also great need for night landing aids such as Instrument Landing Systems (ILS) 
and Visual Appr<;>ach Slope Ind~cator (VASI) systems at all airports «here, 
otherwise, lack :of surrounding ground lights may forCe reliance upon the 
ineffective visual cues in thle runway image for visual approaches. 

I 

Althou~h th~ pro~ess a£ perceiving approach angle at night remains obscure, 
the present findings as well ~s others (30) point to the importance of lin~ar 
perspective as a significant ~eterminant in the nighttime approach situation. 
The importance of tPe form ra'~io cue is unclear, although conscious ci"ttention 
to this cue is of questionabl'e value based on present findings. In any event, 
the evidence concerning respo~se.variab~lity poi~s to the danger of reliance 
ou visual information i.n the nighttime approach situation commonly called the 
"bla.ck hole" where only runway lights on the ground are visible. The daytime 
approach situation is, in coJ'.trast, thought to be r-elatively safe and as 
mel1tioned above, Hasbrook et a1-,. (17) have shown that extreme d~viations below 
the desired glide path are reduced in the daytime. ~ 

_:luggestions f,,r Future Rese·arch. The pres€nt findings suggest that the 
important diff~rence betw~en visual information in .day and night situations 
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lies in the lack of visual detail in the scene in addition to the runway image. 
Ia order to determine the cues necessary for reliable visual judgments of . 
A.iJproach angle ::1t night, future research should manlpulate tbose extra-runway 
oues. Kraft (20) has shown the importance of lights of a simulated city on 
sloping terrain behind a runway in causing app-roach angle errors. Fu.ture 
research should vary visual detail in the nighttime Beene in front of the 
runway, i.e. details or lights on the ground along and to the side of the 
appro,.ch p;nh to the runway. Approach lights i'! front of the runway in the 
pr-esent simuLation did not prevent illusions from occurring at simulated 
distances from threshold of 8,000 ft and gr,eater. The effects of position 
and quantity of Objects a.nd 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·b~ 
~tudied. Although th: problem of v~~yin~ the amount of infor~ation in the 
scene may be most easily performed i,1'l the laboratory or by using a moderil 
computer-cont-roll~.d aircraft simulator with a visual display, there remains 
the need for oj>erlitional study of the distributions of generated flight paths 
in both day and night visuel approaches as a function of a variety of 
environmental and atmospheric fa.~tors 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 app-ro:ach angles .i.n night v-isu.al approaches should also 
include both stable nn:d Unstable (turbulence) conditions and give specific 
attention to the util,ity, or lack of utility, of the "gunsight" techniqu~ 
discussed above. 

Since most night visual approaches are performed safely, pilots must 
either successfully correct for visual illusions or visual illusions do not 
normallv completely erase _the margin for error that usually exists. However, 
3pproach angle errors of the 1nagnitude observed in the present experiments car 
drastically red~ce the altitude safety margin and iflcreas~ dangers posed by 
other- problt:ms, such as downdrafts, windshears, power failures, etc., by 
reducing the amount of altitude and,- hence·; time available for recovery. 
Therefor:c, the perceptual process 'by which pilots fly night approaches should 
be further studied. so that we may (i) unders!:and 'my this process occasionally 
but tragically fails, and (ii) find means of preventing such failures in the 
future. 
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CHAPTER V 

Sunnnary. 

Landing an ai-rcraft at night when only runway lights are visible, an 
environment often Called the "black hole," is one of the most dangerous phases 
of flight. Dt.e visual cues found in the nighttime runway image are conunonly 
listed as size and shape cues, relative motiori parallax, and image intensity 
gradients. Previous experiments in this labo~atory have shown that relative 
motion parallax is ineffective as a cue for judgment of approach angle. The 
pres~nt study exS.lnined another potential shape cue in the runway image, called 
formjratio, which has received little attention in the literature:. Form ratio 
has also been called perspective (not to be confused with linear perspective) 
and is defined as the ratio of vertical height of the runway to width of the 
far ·Jnd of the runW,~y in the retinal image. The form ratio associated with a 
giverl ,approach angle is cOnstant over di'stance and varies only as a linear 
function of a·ctual runway length-width ratio. The form ratio cue could, 
theoretically, provide a basis for assessing approach angles based on percep
tion of the simple ratio of size in two parts of the runway image. The 
?bility to judge form ratios was examined and compared with the ability to 
judge· approach angles in the nighttime "black hole"· situation in two 
expetiments. 

'High response variability was found both in verbal judgments of approach 
angles and ir. productions of the 3° approach. angle-, along with a gei;le-ral 
tendency to overestimate tl:·~ magnit:ude 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. 

Estimation and production. of form ratios in the runway image were also 
quite variable and indicated consistent overestimation of for'm ratio magnitude. 
Intersubject and intrasubj'ect varia,bility of form ratio and approach angle 
responses was compar·able. The present findings do not support the utility of 
form ratio judgments as an aid in selecting approach angle. 

The pre·sent findings provide empirical evide·nce of ·:isuai illusions and 
the danger of reliance on visual information for judgments of: approach angle 
in the nighttime "black hole" situation where only runway li~;hts are visible 
on the ground. They also suggest that the important visual fleficit at night 
lies in lack of visual detail in the scene outside the runwS:f image. Future 
research should focus on the effects of position, quantity, ltind of objects, 
and extra-runway lights in the night visual approach scene on judgments of 
approach angle and attempt to validate laboratory findings ih operational 
studies of actual approaches to landing. 
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