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NATIONAL RESEARCH COUNCIL

2101 Constitution Avenue, Washington, D. C.
Division of Anthropology and ?sychology

Comnittee on Selection and Training of Aircraft Pilots

February 17, 1943

Dr. Dean R. Brimhall

Director of Research '
Civil Aeronautics Administration
Washington, D. C.

Dear Dr. Brimhall:

In & study sponsored by the Committee on Selection and
Training of Aircraft Pilots, Dr. Joseph Tiffin and Dr. John Bromer, of
Purdue University, have compared the eye movements of experienced and
inexperienced pilots. The results of their investigation are presented
in the attached report, entitled Analysis of Eve Fixations and Patterns of
Eye Movemen% in Lending & Piper Cub J-3 Airplene. This is submitted by the
Committee on Selection and Training of Alreraft Pilots with the recommenda-
tion that it be included in the series of technical reports published by the
Division of Research, Civil Aeronautics Administration.

The authors edapted techniques of motion-picture photography
of eye movements to the specific conditions of the Piper Cub J-3 airplane, and
introduced an ingenious device for indicating on the film the height of the
plene during the last few seconds before tanding.

In spite of the fact that this is an exploratory investiga-
tion, certain general trends are to be observed in the findings. For exesmple,
while individusl pilots exhibited & fair degree of consistency in visuel hab-
its, no single pattern was discovered which invariebly differentiates exper-
ienced and inexperienced pilots. Moreover, the authors &lso noted that
"experienced pilots who insisted thet there was a proper plece to look in the
lendings were likely to deviste from thls suggested pattern in their own land-
ings." This finding hes & particularly intsresting bearing on treining prac-
tices. '

Although such findings snd conclusions are reported, it must
nevertheless be stressed that this represents only an exploratory study. In
an extension of the investigation, records covering longer periods of time
would be desireble. Thne visual field might well be divided into smsller sec~
tors than those considered in the study. Verticel &s well as leterzl displace-
ments could profitably be mnalyzed. The number of cuses and conditions of the
experiment should be adgquate to provide evidence on the relisblility of both
the sampling end the technigue of reading end interpreting the records. It
would &lso be desirable to isolate eye movements from hesd movements, especlal-
ly in view of differsnces of opinion with respect to the <. isability of using
primarily eye movements or combined hesd s-d eye movements in landing a plane.



Techniques for messuring interpupillery distences in successive frames,
to estimante the distence of co:jeets fixeted in the visuwel field, might
&lso be used. .

, The present study has produced such outcomes &s might
reasonebly be anticipeted from a preliminsry investigation. It also reveals
avenues of resesrch which czn be profitebly followed with & view of gather-
ing conelusive facts that cen be exiremely useful in & Hrecticsl program of
pilot treining.

Very truly yours,

/ A
'/ f.-‘v.f,., J A e

Morrls 5. Viteles, Chairman

Comnittee on Selection end

Training of Aircraft Pilots
MSV:rm Netional Resserch Council



Editorial Foreword

It is commonly recognized thet lending is one of the critical
meneuvers in the safe operztion of a plsne. A guestion of extreme
importcnce, in considering eccuracy end safety in lending, is the
nature of the eye movements which tzke plece in eporoéching the field
und in landing.

The importance of this problem wus recognized by the Division of
Heseerch of the Civil Aeronsutics Administrstion end the Netional Re-
setrch Council Committee on Sclection wnd Training of Aircraft Pilots.
As early zs 1939, studies of eye movements in landing were undertsken
by Dr. Brien O'Brien, of the University of Rochester, and in 1940 Dr.
Carl Pfaffmann, of Brown University, initiated a study in the same
field, vitn the zid of funds zllotted by tine Committee on Selection
&nd Treining of Alrereft Pilots. Dr. Pfaffmenn's investigetion includ-
ed an introgpective study of visual cues employed in lending & plane.
He alsc gathered statements from instructors and introspective reports
by psychologists who hed received flying treining.

On the busis of his own introspections, sumserized in a Supple-
ment to the sttached report, Dr. Pfaffmenn reeched the conclusion thet
it is not possitle to emphtsize too nuch the importence of momentary
fixations &long the ground, to the side of the pline, during the last
part of the landing meneuver. On the besis of his inveatigations he
also felt free to predict ithut "I should expect photographs of heead
and eye movements tuken durlng the landings to show a series of eye
fixations with the angle of gaze directed slightly to one side
downward.® .

The results of studies mude by Dr. O'Brien are not yet ready
for publicetion., Unfortunstely, Dr. Pfaffmann weas unable to complste
the work sponsored by ihe Cormittee and discussed in the Progress Re-
ports embodied in the Suoplement. In the meentime, Dr. Jogeph Tiffin
and Dr. John Bromer undertook am explorstory investlgetion of eye
fixations end patterns of eye movement during lznding & Piper Cub J-3
airplane. The results of this study are embodied in the attached
report. It is of interest to note that these verify, to some extent,
the prediction mede by Dr. Pfaffmsnn, on the basls of his preliminary
Investigetions, and indicate, as well, possitble directions for further
resesreh.

!
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4FA YSIE OF ETE FIXATIONS AND PATTEHNS OF EYE MOVEMENT
IN LAKDING A PIPER CUB J-3 AIRPLANE

Sunmary

Motion pictures of the eye-movement setterns of pilots during the
last 5-10 seconds before landing were enalyzed to determine whether cer-
tain of them were characteristic of the skilful pilot.

Photogrephs were tuken of the pilot's eyes at the raete of 16 frames
per second with a capera specially mounted in & Piper Cub J-3. Three
flashlight bulbs on the pilot's headgear were metivated in turn by a de-
vice which measured the distence from the ground and indicated the exact
time at which the wheels first touched. '

The pictures were studied first in normsl projection and lster by a
detajiled frame-by-frame anelysis. Grephs of the eye movements of 33 pilots
were mede for a totel of 177 landings. These grephs show the movements in
7 differ 1t visusl fields &s deternined by the windows of the plene. The
graphs are separated into four groups according to the flight experience

of the pilot.

|
! Analysia of the datsa reveals thut the experienced pilots exhibit no

single gener&sl pattern of eye movement. On the other hand, individusl
pilots show a certain smount of consistency in their own psatterns of move-
ments while landing. Another tendency reveeled by tne grephs is the ten-
dency of meny pilots to spend & certein portion of the lest five seconds
in looking directly towerd the front of the ship.

It is concluded thet there are no cleer-cut differences between the
eye-movement petterns of the experienced znd inexperienced pilots. Exper-
ienced pilots, however, show back-end-forth excursions until the last five
seconds before lending. Inexperienced men do not &ll show these. Some of
the experienced pilots continue excursive movements during the lest five
se~onds before landing, while other experienced pilots tend to settle down
to one area, looking to tne right or left, but not elternately between right
znd left. The settling occurs elther in the forwsrd aree, representing 12°
of vision, or in the adjoining large areas representing 54°. Either one of
these two aresas on either side of the plone seems about equally likely to
serve the pilot's visual purposes. Settled fixetion just before landing
seems never to occur at right engles toc the axis of the ship.

|
It is recommended thet instructors do not insist that students lesrn
to look &t & ceriein specified pleace, and nowhere else, while the airplane
1s being lended.
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Analysis of Eye Fixetions &nd Patterns of Eye Movement
in Lending & Piper Cub J-3 Airpleane

The present resesrch hes been done in order to study the different types of
eye fixetions wnd eye-movement patterns thet occur during the landing of e&n airplene
by pilots with verying degrees of skill. The scope hes been thet of e preliminery
investigetion.

P

PROCEDURE

Throughout this study all observetions have been made in & single type of
irplene —- the Piper Cub J-3. The heud and eyes of the pilot heve been photo-
raphed with & motion-picture camera throughout the last 5 to 10 seconds before
he lending. The landing has been defined zs the moment at which any part of
he sirplane touches the ground. The pilot wes slweys in the rear seat of the
lene, which has & tandem wurrengement. The czaere, an S-mm, Cine-Kodek, was

pounted sbove the instrument penel on & suppoct attached to the front braces of
he cebin. (See Figure l1.) It was airectly in front of the pilot e&nd sliightly
bove the level of his head. An observer, who rode in the front seet of the

plane, operated the camera,

| In order to determine roughly the sltitude of the plene during the lest few

#econds before landing, & piece of Tishing pole about 8 feet long was attached

o the center of the wheel assembly of the plene. {See Figure 2.) When the

lane was in flight, this rod wus kept almost vertical by a spring and a plece

f metal plute attached to the butt of the pole, which served to counter-balance
he wind resistance exerted on the long end of the lever. As the plane descended
lose to the ground the pole was bent backwards at en angle making contact
uccesslively with 3 copper points. These contact points closed the circuit between
peir of flashlight betteries and 3 fleshlight bulbs which were mounted on &
pecial plete attached to the pilot's headgeer and worn on his forehead. The

ole vea eimost verticel during normal flight, but in the glide, because of the

ogs of blast on the belence glate from the »ropeller, the pole was tilted back-
ards at an angle of about 30° and contact wes thus mede &t the first point.

Contect at the second point occurred when the wheels of the plene were about

4 feat from the ground, snd the third light went on within one second of the

time thet the wheels actuelly touched the ground. On the film, the sctusl time

9f landing was determined by reference to these lights znd s&lso to the blur which

inveriably occcurred at the landing because of the jarring of the airplene end the

¢emers.

The moving pictures were tuken at 16 frumes per second. These pictures made
w083ibly sn analysis of the seguence of visual fixations of the pilot during the

ine the cuamere wes In operetion. Since the lights controlled by the fishing pole
were located on the forehead of the pilot, the sequence of visual fixetions could
be related approximstely to the &ltitude of the airplene.

rF_ o W

Each sequence of picture records wes studied csrefully; first, by motion-
picture projection end, second, by slow end ceteiled frame-by-freme projection.
The normel motion-picture projection guve a better integrazted representation of
the visual pettern; the freme-by-frame enelysis made it possible to detect glences
df short durstion &nd to clessify the seyuence of fixetions.




' The reliability and validity of this method cf studying visusl “i{xations
have been investigeted by Karslake, :nd the method has been used by !icN:mara®
in an investigation of eye-movement behavior in looking et sdvertisements.

Karsleke found the technique to yleld esisentially the sume results with
regard to sequence of glences when differen. film readers interpreted the films.
The correlations between different film-readers in tiheir readings of sequences
of glances varied from .96 te .99. Inasmucn es5 the angular varietions in glences
were smeller for the subjJects looking et advertisements who were studied by
Karsleke thun for the pilots who were studied ip the oresent investigation, it
is recsonable Lo conclude that the present use of the method has at leest as
hizh & relisbility ss thet reos-rted by Karslske.

In zeking the frume-by-frame snelysiz the direction of every ; lsnce was
Iecorded on & Speclally oreperec cnertt on ralch The avellable visusl eres to tae
pilot wes broken down inte 7 aress. {See Fi ure 3.) The angulur erea subtended
Dy etes of the seven visuzl arsas 1s indicated in the -scale drewing shown in

Fi,ure Lo . :

In tne Piper J-3 airplene there are three window sectioms to the left and
toree to tae rigat of the pilot in the rear seat. These are used vith slight
modification as sub-srsss of vision; the seventh incluaes the entire space of
the windshield. This definition of the visusl ares was in terms of horizontal
arees only. No attempt to anelyze tne vertical direction of the glances was
maede for tne followlng ressonsg:

1. Because the sttitude of the airplane cannot be detected by the method
used in the investigetion, an analysis of the vertical direction of
the visual axis in terms of the pert of the window looked through was
not very mesningful.

2. 1In the Piper Cub there is & limited vertiecal range of vision.

3. An sanalysis of the results shows that a consistent relationship exlsted
between the leteral direction of zlences znd the distence from the plane
the pilot was looking. Then the camere was first turned on, the plazne
was usuelly still in its normel glide; thus, glances through tihe wind-
shield afford & view of the ground. As the plane .levels out, however,
the pllot is uneble to see the ground st £ll through the windshield
end beczuse of the construction of the windows the distince wnich the
pilet can look &t the ground ehesd of him is limited by the window
section tnrough vhich he looks. As he looks out through the front
section of either siue his eyes of necessity sweep some distence ehead
of the plene. To observe the ground nearby, he must rotute his eyés
further to the side &s well &s downwerd. Therefore during tne last
5 seconds before the lanoing, the distance the pileot is looking can
be estimated by tae window sectlon through vhich he is loocking. {The
lower nelf of ithe window sections, it follows, -ere the effective portio
auring lenaing.)}

17. 5. Xerslaie. The Surdue Eye;Camera: A Practicel Apparatus for Studying
the Altention Velue of Acvertisenents, Journel of Applied Psychoiogy, XXIV {1640
PP. 4l7-440.

23, J. McNenare. 4 New lethsd for 1resbing Advertising Fffectivensss througt
Eye-Movement Photoursphy, Psycholosical Hecord, IY (1941), pp. 399-460.
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Figure 1. Camera Mounting Used In Pilot Eye Pattern Investigation.



Figure 2.

Fishing Pole Arrangement Which Indicates Altitude

Landing Plane.

of



et v oA ow [T o Loes o oty [T e = . CE i Beageslan o0 o I e d e e

5 - *gdutpusT JO

- SPI0Ded JLoUSACW-5A9 U pelaudlusd Seodd TuNSTA TAADS

of BUL.LCYS ‘y-f q0Y J80T; JO wOLA JOT42qUl o *F1d
gd0og 301Td

‘oN Bulpueq

AOPULa
fp%mﬂ jc
UOT3098

auod

\

T1

]

WOLUTw uydla 4o
UoT}oex

'.aoputa %481 JO
\uot10as a8quUa)

_ g \\\\‘ f

defuo,,

AODUTM
1de1 Jo
U0T109s
TUCT g

QoL
[F S S ]

o d

pleTusput.

/N




|

ks

L2
51,°

fig. 4 ‘Top view ol Plper J=3 cabin,

shoving angles of diflerert vievs used in

study of eye-movenents atvl patterns of

movertent used in landing.

ocale: L/ actual size



Fig. 5. Illustrations of the views of a pilot's face
and eyes as he is looking in each of the seven areas
designated in Figs. 3 and 4.



Fig. 6. Enlargements from movie film taken during a landing.
In "A" the pilot is looking out the front of the cabin ( F in Fig. 3);

in "B" the pilot is looking out the area to the left of front ( L 3
in Fig. 3).
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An illustretion of the view of the pilot's face as photographed when he is =
looking in each of the seven fixation ereass is shown in Figure 5. These pictures
were teken ag "stills® while the subject photogrephed wes looking in sach of the
sreas indliceted on Figure 4.

Enlargements of two fremes from en actusl film made during the study ere
shown in Figure 6. In "AM the pilot is looking front - "F" - cnd in "B" he 1is
looking in the area "L-3" {see Figure 4).

After the complete frame-by-frame records of thne direction of the eyes had .
been made for each lending, the dete for each landing were transferred to a tinme
record showing the sequence of glasnces in each of the seven visusl sreas. This LA
gave & graphical represeniation of the temporsl pattern of glances. |

The graphlcel representation of ome of these time records is illustrated
below:

Ly Lokl F RsRaR,
10
TN _-
8 \;L
éi 7 o~ -
-
TR
b
g 3 Y|
S 4
=]
» '%13 :
g 2 =
4]
r%l —~
Q 2T51==r=r=1
1l
L. Aretz l )
TRl
25,000 hours

The seconds before the lending sre indiceted by the horizontel lines above
the double line. The double line indicates the moment of the landing, md the
single horizontal line below the double line indicates the second of time imme-
diastely following the lending. The leteral mecsurements indicete the poasition
of the eyes at various points before, during, snd for one second after the
landing. The positions st the top of "the drewing {Ly, L, L3, F, R3, Ry, end Ry)
correspond to the window and angular eress designated with corresponding symbols
on Figures 3 and 4. Graphlc plots of &1l landings studied were made end are
attached to the present report. These records were enalyzed to determine vhether
there was any consistent pattern smong experlenced pilots, whether there were
falrly consistent differences between experienced snd inexperienced pllots, end
rhether there were differences with the stme pilot for good snd poor lendings.
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Pictures were teken of 177 lendings made by 33 pilots. The pilots used in
the investigation were classified as fellowst Ceven were in the elementary stage
of dual instruction, i.s., before the solo; five hed soloed but had not obteined
the privete certificate; eight had secured their private licénses but had flown
less than 200 hours; &nd 13 hed 200 hours or more of flying experience. From
one to eight lendings were photographed for each pllot, except for two pilots
with a few solo hours at the beginning of the experiment who were followed
through about five hours of landing prectice.

RESULTS

As mentioned previously, the lancings were divided for study according to
the flying hours of experience of the pilots. The division of pilots according
to hours of flying is based on the &ssuuption that such a division will result
in en at least approximate clessification according to skilll in landing.

It is possible (or even probuble) that a better criterion would have been
eveilable if it hed been possible to grade each landing objectively, regerdless
of the flying hours of the pilot who meade it. An attempt was mede to so classify
or grade ezch landing (and these ratings, when avallable, are indicated under
each of the grephie records included at the end of this report), but for several
reescns these ratings were found to be of limited wvelue. Some pilots regard a
lending mede "3 feet in the air" as a very bad landing. Others, who heve been
treined in & different school,; regerd such & landing as even better than one in
which the sirplane stalls just as it touches the ground. Also the lendings were
nede under quite vuried weather conditions. ™Good landings® in & steady 10-mile
wind were somewhat more frequent then "good landings™ in gusty weather or in an
18-mile gele, even when mede by pilots of presumably squal skill, or even by the
sume pilot. The soundest procedure therefore seemed to be & classification of
the landings according to the experience of the pllots, rather than on an indi-
viduel reting of each landing. .

Frame-by-frame analysis of the records. Figure 7 shows 15 illustrative
graphic records of eye fixations during lEndlan (five for euch of three exper-
ienced pilots) znd Figure 8 shows 8 additional records for two inexperienced pilot
(5 for one end 3 for another). These griphs may be interpreted as previously
described. Thus the first lending graphed for J. Stair, Sr. shows thet in the
temporal interval between 3 seconds and 4.5 seconds preceding the lending, two
visual excursions were msde between areas Ly and R3, while the remcinder of the
time before (end at leust until one second after) the landing wes spent looking
in area R3.

Perhups the most obvious conclusion suggested by the results shown grephicall
in the set of cherts such as sre illustrated in Figures 7 end 8 is thet there is
no single genersl pettern of eye movement which holds for zll or even most exper-
ienced (znd presumably skilled} pilots. There is &lso no consistent tendency to
use fewer movements, or more moveuzents, &s flying experience increzses. An ob-
server who did not lmow the pilots used in this study vould have trouble in
differentiating between pre-solo students snd pilots with 5000 hours of flying
time on the basis of eye-pattern records. :

However, in spite of the lack of consistency among pilots, & certain amount
of consistency for each individuel pilot is reveszled by the graphs. The upper
row of Figure 7 shows graphs of 5 lendings mede by J. Stair, Sr., a pilot with
4500 hours of flying time., The five grephs &re typical of the visual pattern whic
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chinszoterized neerly oll of thé lendings photogvaphed for this pilot. Until EER
within approzimately 5 seconds of the actual landing, visuel excursions between
1eft and right are msde. During the lest five seconds of flight, the fixation
1s fized feirly rigildly ip erea R3, the ares lmmediztely to the right of Front.
J. Steir, Jr., hewever, who &lso showed & pattern of excursions between right
end left until the last five seconds, tends to fixets in arez Lp, the second
eroa to the left of center, for the lest five seconds of flight. J. Kitto, for
whom 5 lendings are shown in the bottom row of Tigure 7, tends to continue the
patiern of sxcursions between right end left up to the instant of the actual
landing. It should be smphaslized that 11 three pilots whose lendings ere
gregned in Figure 7 ars seasoned flyers.

The pilots whose lendings are graphed in Figure 8 were both in the pre-solo
stage of instrueciion. Westl shows a lzck of one festure that cherccterizad neerly
all of the records of experienced piloius, narsly, {airly wide wvisusl excurslons
at lecst up to the lest four or five seconds before the landing. Bestor, however,
shows visuel patteras thaet sre probably not distinguishable from those of such an
experienced pilotv as J. Kitto,.

Another tendency revesled by the grephs 1s the tendency of meny pllots to
spend & certsln portion of the last five-seconds of flylng time In looking
directly towcrd the front of the ship. During this interval of time, the plene
is at no tine ir such an attitude that u direct view of the ground can be
obisined by locking through even the sides of the windshleld. Since forward
glexeces wre found in experlenced end inexperiesnced pilots slike, it is probable
thet during the time the sye3 ere dirscted zhead the pilot is ectuslly picking
up cues frow the poripheral Tleld of vision,

|
! . . . :
: Genevel Conclusiona. Although no elear-cut and invariable differsnces were

found ir the eye-movoient patierns of experienced and inexperienced pilots, seversl

tendencies were sufficiently warlied to justify certsin tentative generslizutions:

1

1. Thz experisnced pilots elmost inveriably showad an excursion back apd
Torth until the lest five seconds before the landing. Inexperisenced pilots
dld not £1]1 show these excursions.

2. ‘During the last {ive soconds of flight, some of the experienced pilots
continued thesze excursive movements, while octhers usuvally settled down -
on &n aree elther to the rignt or lafi, 'but not sliernsiely between
right and left.

3. Tae "settling® referred to in (&) occurred with different pillots in eny
one of four areas: Ri, Hz, L3, or Lz. While different pilots tended
to utilize a different area for this settling proecess, there seemed to be
no evidence that one arca is Yhetter®™ then another.

4+ It was noted that seversl of the experienced pilets fixed their glances
at an anzle which wes held for ssversl scceonds et & time. Qthers
secmed to fix successively on spols some distence in front of the
plene ond then folleow these spotsg for shorter or longer periocds of
time. Then the eyes jumped ahead to & new spot which wes "followed
through.® The excursion of ithe eyes suggestive of this type of glance
sonetimes cauvsed the eyes to rotaste backward from one visual areae into
the next adjacent eres, though at times the excursion wus gonfined with-
in a single visvel area.
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5, Throughout the experiment many comments of the pilots used as
subjects were noted. #ost of the pilots stated thet they were not
sure where they locked. It wes rather interesting to observe that
the few experienced pilots who insisted thet there was & prover place
to look in lending were likely to deviete from this suggested pattern
in their own lendings.

Wnile the investigation indicates in general that there is no single patter
of eye fixations thet cherscterizes &ll experienced pilots, the comments enumer-
ated above may give certein ciues that will be helpful to instructors. Comments
(1) end (5), for example, suggest the inadvisability of instructors insisting
that students look at & certezin specified place, end nowhere else, while an
airplane is being leanded.

The graphic records of all lendings anslyzed in this study are attezched
tc this report.* Study of these records mey reveel other tendencies that will
heve practicel value to the flying instructor.t

#Editor's note. In analyzing these records it is well to bear in mind thet
approximetely 35% of the graphs sre of landings made by the suthors themselves.

##Editor's note. In connection with studies of periphersl vision it 1s
interesting to note in these records that none of the men kept their eyes con-
sistently fixed and their attention oriented omly in the forward aree during
landing, i.e., none depended exclusively upon peripheral cues from the other
sreas during the last five seconds. '
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SUPPLEMENT

The following psges present
two pertinent reports of progress
on & study of visusl deptia percep
ticn in evietion, condusted by Dx
Carl Pfaeffmann, Brown University.

b,
N



-

FlboT REPQOLT OF PrOGhELS ON THE
»TUDY OF VIoUau DEPTd PRLCEPTION IN AVIATION
by
Carl Pfaffmann

Jenuery 1941

So far I have interviewed snd gquestioned 15 CA4 students on the visual
clues used in landing. It was necessary to conduct most of the interviews
&t the Psychological Laboratory fo avoia the distraction &nd noise of the
airport. In genersl, most individuals stated that they usually look at the
ground at either side of the plezne just as they are levellin; off. They look
directly at the ground about 30 ft. awey in the cese of those who look shead.
Some look directly out to the side through the wing struts end & few maintain
that they look over the wheels tc the ground below. The students in the first
two citegories usually state that they know immedistely what their distence
sbove the ground is at any one instent. The last group szy they use the dis-
tance between the gxound and the wheel as a kind of “measuring stick." I'm
rather skepticsl of this lest point perticulerily since I myself find it aif-

" ficult to watch the wheels under ordinary circumstsnces of flight. In any

cese, I em checlkin; such points &t additioneal interviews both &t the leb. end
et the airport. All students interviewed have been instructed to cbserve
their own behavior.

I an keepin_ & complete introspective account of my own flyiny exper- .
ience. To dete this consists of 5 hours duel instructicn. On the bzsls of
this I have analyzed tne estimstion of distence and height into severel steges.
it altitudes sbove 100 ft., estimctions of both heigsht and distance ere quite in-
zccurste. The grouna resenbles 2 model lsndscepe In which the houses and trees
appewr only &s minietures. As the plene glides toward the grouno & "tnreshold
altitude” is rescnec at svout 75 to 100 ft. where the houses ena irees sudlenly
become "reul." ilere I obtzin the first clesr and correct notion of height above
tihe ground and distunce from tne landing field. At this point I usually reel-
ize tnat I aw going to undersnocot or overshoot the eage of the lzndin, field.
I believe tnet at this stege "size constancy" ana perheps bihocular stereopsis
begin to function. During the first few landin_s, this stage of fairly sccu-
rute depth perceptiion wes followed by ancther stuge of inaccurzcy which begen
at ebout 10 M., and lested until the plane touched or nit the ground., At this
time wy pgaze remeined fixed over the nose of the plsne. As the plene leveled

- off, my field of fovesl vision included only the cowling of the engine and the

horizon. The ground on either side wus observed with peripherel vision and con-
sequently appeurea to move pest with & high epparent velocity. Estimetion of
height wes poor end conseyuently landings were bad. ’

During one such lending I happened to glence awey from the cowling to the
ground on one side of the plane. In that glance, the aspperent movement of the
ground wus stopped end I clearly saw the surface of the grounc with fovezl vwis-
lon. At thet instent I hed an immediate almost "insightful" ewsreness of the
distance sepersting me from the ground. With this chen.e in fixetion, the
third steye beceie cleecr end sccurate. Since then I heve hed little difficulty
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I feel thet I cenfi eppnasize beo much tiie imporicrece of tacse momentery
fixations &long the grouna during the iest part of the tandin, maneuver. My
own experience wis so cleer znd lmpeaiste during that first glunce to one side
and so importent for my orient-tion that 1l believe this is the most crucial
sert of the problem of depth perception in llying. Furthermore, since I tend
to look &t the ground some distance awsy, the apperent movement of the ground
with respect to myself is not -rary grest. I don't think the dynamic feestures
of this situation are so izportent.

I have recently begun to interview the fiying instructors et Providence.
One "old-timer" gave me & really goou psychological descriptlon which zgreed
with =11 thet I have just described. Fortunately for the velidity of my own
anelysig, 1 obtained his report after mine was complete ir its essenticls,
Several other instructors were more vague when guestioned about this probliem.
I have gince given then instructions so that they may observe their own per-
formance more criticzlly. I heve %he impression that the better instructors
mey have mede such an :n-lysis on their own and they are therefore abie to
tell their studeants what to loex for.

If the above snalysis of visuel function is correct I shoula expect photo-
graphs of head &na eye movements teken during lzndingsto show & geries of eye
fixations wit: the angie of guze directed sli htly to one side and downmwerd.

I saell be very interested to compere notes with Prof. O!'Brien on this point.
Yhen I have more datu, I zm plenning to visit nochester.

Wi
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SECOND PROGIE..S REPORT
Carl Pfafimann, Brown University

April 1941

i85 pert of the introspective study of wvisuel cues in landing, the writer
sent letters of inguiry to « number of psychologists who have received flight
trainin, uncer lne C.h.h. To date seven satisfuctory answerg heve been re-
ceived. A sumnzry of these is presented below. ‘

he est Q j W the £

Nearly everyone reported thaet estimations of altitude were based on the
size of objects on the ground, the clearness of 'detail in thdse objects and
the apparent velocity of the ground below the plane. These cues, however, were
not learned in terms of the sltimeter directly, but only indirectly in terms of
the verlous maneuvers that were carried out at certain specified &ltitudes, as
indicuted by the altimeter. After a time one comes to know the eppeerance of
the ground for the different meneuvers. Thus 500 - 600 ft. for one men is the
altitude et which he performs "pylon eights." He lknows what the ground looks
like for this maneuver. In nesrly every cese it wus emphasized that one be-~
heved to altitude enu did not merely estimate it. Ancther msn judged altitude
in terms of how long it would teke to glide to a landing.

The cues of size and deteil of obfects on the ground are learned for spe-
cific items and lsndmerks. Very often a specisl lendmerk like & white house,
for example, serves as a sign post ove ich the student begins & 90° turn et
300-400 ft. for the spproech. When th udent has to lend on & completely
strange field or evzn on enother runwey of the same field he may mtke errors
in landing. One men (4CW) pointed out thut the more femilisr the lendmerks,
the more sccurate wus his estimation of altitude. When lending at a strance
sirport he usuelly underestimated acltitude end came in too high. Apoarently
the ability to generslize landing habits developg greduslly. One must lesrn
to do without the specific cues which ere first used znd to respond to whet-
ever is common to all lencing situstions.

B. Approaghing the field.

Inm the epprosch, the same cues for altitude are used. C(lezrness
of detezil b gs more importent. This epparently meens that the ground or
objects on the ground zcquire surface microstructure. Objects on the field
boundary, 1and1nu lights, etc., &re clearly seen. The zpparent veloclty of
the ground is seen to incresse.

An additional factor or judgment is stressed by three observers. (4CW,
BEV, JF) This is the judgment of the vertical angle between the pilet and
the runway. If the runway is too "high" or ®flat" the plene is too low for
& setisfectory landing.

In estimetin, where the plune will land it must be remembered thet the
angle of glide is fixed within certein limits. Thersfore the altitude &nd
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disbtance from the field st which fas zlide is begun determineg where the
nlene will lond unless eerbteir acjustments like ¥slipping" or "gunning, the
tarottle" are made. As noted revicusly, meny pecple rely on definite land-
zerics in beginning the approach. ALfter the glide is begun, mest of the group
report that they merely look al the sput where they expect to lsnd. One men
(ACW) tends to overloox tne forwerd travel of the plane and usually lands be-
yond the spot chosen. He also stated that if certein obstructions at the
edge of the field ere clexzred comfortably the plane will land in & specified
erea of the field. )

Another individusl (EE) sights along the nose of the tandem cub. He
feels relatively certein that the plene will 1:znd at & spot just beyond the
point sighted. The laclk of transfer of this cue to another type plene is

25 also reported. In eddition, when meking en epprozch, he notes the relation
vt of ertein objects on tne fiela boundery to the nose of the plane, or &« spot
e d on the windshield. He then foliows this relation as the plane glides in to

tels whetner these objects will be clewsrea scfely.
C. Lending. L

In uetermining the soirt &t which to level off there is uniform sgree-
ment apon, &ll observers that they look directly at the ground feirly close
to the plene., Lstimtes in inuividuei cases plece these fixstion distsnces
from 10-75 ft. in front of the plene end slighily to the side. One men (EE)
originelly hee difficulty with a tendency to leen to one side in order to
loox out. He now sits upright ena scans the area on both sides plus occaesion-
* el repiu glences at right sngies to the piene. In the esrly stages of leern-

ing he used, to sey thet when the .des of gress coulo be seen clearly it wss
time to pull beck on the stick. nee becoming more proficient this cue is
usec less. JNow, he stetes, it would be more accurcte to sey that he "feelsh
o the plane in. In another cuse, the observer (ACK) reported thet after the
) ziene is leveleno off he looks to the ground at the left and sbout 15-25 ft.
to the front. A blur that hus & definite texture is seen &s the ground goes
by. He tries to keep this coming up towsrds himself &t & smooth even rete.

Y

Another observer, (JF') "feels" the wheels end taeil skid a&s extensions of
his own body so thet he can "feel" their zpprozeh to the swrfece &g he wetches
the ground come up. Luring this process he looks sbout 10 ft. in frouvtof the
) plena. It is interesting thet most inuividusls who restrict thedr geze to one
- side at this stege ususlly look to the left. Another observs (LsT) reports
- thet he haa difficusiy in lending beceuse he concentreted t’ich on the nose
of the nlezne when il was leveling off. This left insuffici®® infornztion es
to height zhove the ground. To guote him, "I shoula be concentrzting on the

grounc neijht ena observing tise attitude of tae ship with indirect (peripherel)

o

vision rether then vice versa.” .
These reports In this lest section indicete thet direct foverl visiom is

uset¢ in the last steges oi -ending perticulerily when the plene is being

. Levelea off ana "set cown.® This regera permits an estimetion of height

-+ ebove the ground. This substentistes one of the conclusions presented in the

g first progress report on this study.

"% it ’ % .



