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A STUDY OF PILOTS’ EYE MOVEMENTS DURING VISUAL FLIGHT CONDITIONS 

SUMMARY 

To obtam further substantial mforma- 
tmn for estabhshmg m,nlmum angles of 
vlslon from the cockplt of axplanes, motzon 
p,cture photographs were taken of pilots’ 
eyes and heads while they performed crltlcal 
maneuvers w,th arcraft durmg daytxne 
visual fhght condltmns 

Boemg 377 Stratocruser airplanes 
were used for this study Th,s particular 
type of arcraft was selected because of Its 
roomy cock@ and because Its wmdshleld 
provides the p,lot w,th greater angles of 
v,slon than any other transport type 

Three motxon pxcture cameras were 
used smn,ltaneously Two of these recorded 
the p&t’s eye movements through a system 
of m,*rors, the th,rd photographed the 
horleon out ahead of the axplane BGlC 
references or fxatmnpomts were establlshed 
for pllot eye posltmns by selectmg defmlte 
locatmns on the wmdshleld and photograph- 
mg the pIlot’s eyes while they were flxed on 
those selected locatmns while flymg 

A photographx enlargement of the 
pIlot’s eyes was made for each fiaatlon 
po,nt, and these pr,nts were placed on a 
large grid which represented the arcraft 
wmdshleld It was then possible to compare 
each photographvc frame of the film with the 
prmt made of each flxat,on pomt, and by 
comparmg the puplllary posltmn It was 
actually possible to select (m degrees) the 
po,nt toward wh,ch the pllot was lookmg at 
any particular Instant of txme 

The m&Ion pictures so obtamed were 
analyzed frame by frame to determme wh,ch 
portmns of the wmdshlelds and wmdows were 
bemg used and how much each se&Ion was 
bemg used The results are presented in 
terms of the percentage of frames showmg 
the use of each wIndshIeld sectlon sect,ons 
are 5” high and 10” wide For presentatmn, 
this study 1s dlvlded Into phases of fhght 
taxlmg. take-off, chmb, turnmg, approach 
for landmg. and touchdown (the moment at 
which the plane touches the ground) 

F,ve groups of alrlme pllots partlcl- 
pated as sublects ,n the tests They were 
englneermg test pllots. flight supervisor 
pilots. mstructor pIlots, tramee pilots. and 
scheduled pilots No outstandmg differences 
were percelved I,, wmdshleld use by any one 
pIlot, or any group of pllots However. great 
differences occurred zn the v,slon areas 
used >n the various phases of fhght 

The areas on the wlndshleld that show 
h,gh percentages of usage are generally the 
areas through which the pllot 1s obtaunng 
visual cues necessary to operate the arrcraft 
and not the areas of the wmdshleld which 
are used to search the a,r space for other 
arcraft. The wmdshleld area used by the 
p,lots durmg the p,lot eye-movement study 
substantiates, to a conslderable extent. the 
canclus,ons drawn from an alrhne pllot 
questmnnalre study prevmusly reported 
The results of the current study show that 
transport pllots attempt to search for other 
xi-craft but may be prevented from seemg 
them because of wmdshleld structure 

INTRODUCTION 

Growng Interest in Increased cockplt 
wsmn has been shown for some time by the 
arcraft Industry. Th,s Interest has been 
brought about by the general behef of alrlme 
p,lots that cockplt vls,on m most present- 
day transports 15 not entirely satisfactory 
Due to the substantlalmcrease 11, the number 
of arcraft now usmg our alrports and al=- 
ways. there IS a defunte need for Increased 
cockplt vls,on The operatmnal characterls- 
t,cs of arcraft vary cons,derably from one 
type to another, yet all use the same alrports 

The pllot eye-movement study 1s one 
phase of a cockplt vxslon study that was 
commenced ,n 1948 by the TechnIcal 
Development and Evaluatmn Center of the 
C,vll Aeronautics Admmlstratlon at 
Ind,anap&s The spec,f,c aim of the study 
was to determme which areas of the wmd- 
shield and what visual angles the pllots 
actually use ,n performmg cntlcal fhght 
m an e uv e r s defmed as take-off. landmg 
approach, and low altitude turns, These 
defmltlons were estabhshed by the alrlme 
pllats themselves and were taken from a 
previous study of cockpit vlslb,hty, wh,ch 
study was bpsed on an alrllne pllot 
questionnaire 

TEST PROCEDURE 

Smce many vanables are Involved m 
determmmg the v,slon angles whxh are used 

1 George L PIgman and Thomas M 
Edwards, “A,rlme Pllot Questmnnalre Study 
on Gockplt Vlslblhty Problems,” TechnIcal 
Development Report No 123, CAA, Indian- 
apol,s. September 1950 
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Fig 1 Type of Airplane Used to Obtam Data 

by transport pilots, >t was not deemed feas- 
lble to simulate fllghtproblems III the labora- 
tory The Ideal s,tu&on would have a pIlot 
slttmg at the end of a boom extendmg forward 
from the nose of an aircraft with no cockpit 
enclosure to restnct his Y~S,O~ Sznce this 
was not possible. the Boemg 377Stratocru1ser 
shown ,n Fig 1 was used as a flymg labora- 
tory because ,t affords a p&t the greatest 
angular v1slon of any modern transport 

The Department of the Air Force 
developed a method of recardmg wsual 
observations made b> airplane pilots wlule 
condustIng fhghts under instrument conch- 
t1ons Thus method mcorporated the use of 
a camera and. on the Instrument panel, a 
mirror III which a p&t’s eyes were vlslble. 
By this means ,t was QOSSlbk to determme 
winch instruments a pilot uses. the length of 
tune he actually refers to them, and the rel- 
at,ve usage of mstrurnent5 by pIlots, 

Discussions were held with the per- 
sonnel that conducted the AI= Force tests to 
determme the lxmtahons of the method and 
to d,scuss a s,rmlar appllcatmn to the cockpit 
vx1on problem Though the dlfflcultles of 
successful analysts were many. the Air 
Force method skll appeared to be thp. best 
one for determmmg the areas toward which 
pilots look whole flymg arplanes 

2 
Capt Richard E Jones, 1st Lt Johnl. 

MIlton. and Paul M Fltts, Ph D., “Eye Flxa- 
tlons of AIrcraft PIlots,” Parts II-IV, USAF, 
Wright-Patterson A,r Force Base, Air 
Materiel Command, 1949-1950 

One Cme -Kodak Special and two Bolex 
N-16 cameras were used for this work 
These were lb-m,l~lmeter cameras driven 
electrically and operatmg at eight frames 
per second, and all three were necessary to 
obtam complete mformatmn. They were 
mounted on a spew.1 stand and Installed >n 
the Boemg 377 cockpit See Ftg 2. One 
camera, mounted at the same height a.s the 
pilot’s eyes, recorded the terran chrectly 
ahead of the pilot Thu camera recorded 
auplanc attztude and maneuver and provtded 
clues to the ob,ect bang observed by the 
p110t The second camera was mounted ,n 
such a manner that It recorded the pllot’s 
eyes when vlslble ,n the nxrror located 
threctly in front of lnm The mirrors can 
be seen 1x1 Fig 2. An example of the unage 
recorded in the front mirror 15 shown in 
Fig 3 The thlsd camera was mounted to 
record the p&t’s eyes when vlslble 1x1 the 
rnlrror located to his left, and It thereby 
photographed hs eyes while he was makmg 
a left turn Durmg a left turn his eyes were 
not usually wslble III the front mirror The 
cameras were drxven by batteries and were 
operated simultaneously by one switch No 
synchromzatlon of the three cameras was 
possible because of the varymg frlctmn 
clutches ,n them, however. coordlnatlon 
between cameras was obtamed by a flashmg 
light which was mounted in the field of flew 
of each camera A switch permitted control 
of frequency and duration of the flashes 

Airplanes and prlots from Umted Air 
Lmes and Pan Amerxan World Airways 



Fig. 2 Cockplt Arrangement Showmg Locatmn of Cameras and Mirrors 

were used for the pilot eye-movement study 
Itwas bellevedthatthevlslblllty requrements 
could possibly change from one group of 
pllots to another and that It would be essen- 
t,al to Include all groups of a,rlme pilots ,n 
this study The tests were therefore con- 
ducted at San Franasco, Cal,forn,a, where It 
was. posstble to obtam pilot eye-movement 
records of engmeermg test pllots. flight 
superwsor pIlots, ,nstructor pIlots, tramee 
pIlots, and scheduled pIlots Eleven different 
pllots were photographed 

Several prelxmnary flights in the 
Boeing 177 were necessary to perfect pro- 
cedure, epupmentt, and sequence of operatmns 
Coordmat,on of the three cameras was at- 
tempted on a frame-by-frame bas,s by usmg 
auxtl~ary m, r ro rs and a motor-driven 
Veeder-Root c aunt e r, however, severe 
vlbratlon was encountered, and the arrange- 
ment was not usable Aperture settmgs were 
a constant problem, since the exposure 
varied on all three cameras because of the 
different SubJect material being recorded 
and because of the vary,ng light cond,t,or,s 
A cor,stderable number of test flzghts were 

conducted at sunrise, and the law angle of 
the sun created a problem Low altitude 
left turns off the San Francisco axport were 
xnpractwal due to prevallmg wmds and 
terraln roughness, however, several low 
altitude turns were made over the bay 
especially far the tests 

Tests were conducted durxng engmeer- 
lngtest illghts, p,lot traunngfllghts, standard 
test flights, and one scheduled flight A sep- 
arate reel of film was used for each flight, 
and each reel Included f,xatlon photographs 
These were obtaned as follows Before 
commencing the flight, the pIlot was asked to 
stareat certam fixatmnpolnts ,n the arcraft 
cackplt These points are shown ,n Fig 4 
and are 1,sted in Table I While the pllot’s 
eyes and head were fxed on each of these 
known spots. the cameras made a photo- 
graphic record of his eyes 

After the flxahon pant records v,ere 
made, the arplane was taxled out for take- 
off The cameras were started and operated 
for a lzrmted txne while taxlmg the arplane 
The cameras were started again as the p&t 
swung onto the runway for take-off As the 
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Fig 3 Sample PIlot Eye Movement. 
16-Mllllmeter Film Strip 

throttles were opened, the synchromamg 
light was flashed once The light was flashed 
twIcewhen the wheels left the ground Three 
flashes were made when the alrplane reached 
a 400-foot altitude after take-off Four 
flashes mdlcated the alrplane was making a 
low altitude turn The first flashaf the series 
mdlcated the executmn of themaneuver The 
cameras were then shut off until the alrplane 
was about to complete the flight and was at a 
l.OOO-foot altitude on the approach far land- 
l*g Arrival at thus pant was mdlcated by 
flashmg the light five tunes. SIX flashes 
were made when the ZOO-foot altitude was 
reached on the approach for landmg Seven 
flashes lndlcated that the airplane had 
touched the ground Pictures were also 
taken durmg the landing roll and taxI phase 

ANALYSIS OF FILMS 

A contract for analyzing the photo- 
graphic records was let to Antloch College 
In Yellow Sprmgs, Ohlo Two copies of each 

TABLE I 

LOCATION OF FIXATION POINT PRINTS 
BY DEGREES 

Prmt 
Number 

Horizontal Vertical 
Lacat,on Locatlon 
(Degrees) (Degrees) 

1 115 L (Left) 3 D (Dawn) 
2 95 L 30 u (UP) 
3 88 L 3D 
4 67 L 
5 67 L 

47 L 
29 L 

12 u 
23 D 

8 33 L 35 D 
9 14 L 3D 

10 2 R (Rqht) 10 u 
11 0 13 D 
12 12 R 1D 
13 33 R 0 
14 10 R 22 D 
15 10 R 25 U 

Above angles measured with respect to 
pllots’ line of vlslon while lookIng straight 
ahead and at the horizon with arcraft m 
taxlmg posltlon See 0” angle reference 
pant marked on Fig 4 

film were supphed to expedite two mde- 
pendent analyses of each illm Enlarge- 
ments of the flxatlon photographs were also 
supphed and were placed on a grid. as shown 
m Fig 5 These locatIons corresponded to 
the flxatlon spots shown In Fig 4 and hsted 
m Table I 

The flxatxon grid was mounted at one 
end of a room that was specially arranged 
tofacllltate the analysis of the eye-movement 
films A plan of the film reading room IS 
shown In Fig 6 The purpose of this 
arrangement was to obtain a maxxnum 
vlslblhty of the proJected eye-motion films 
and the flxatlon photographs In order to 
accomplish this, sources of light were highly 
localized with mast of the room In near 
darkness There uere no wmdows. and the 
walls and cellmg were panted black The 
flxatlangrld was llghted by fluorescent tubes 
shlelded by black cloth Two proJectIon 
set-ups were provided to expedite the duph- 
cate analysps of each film Each proJectIon 
was focused into a black proJectIon box with 
a white screen at Its end A red overhead 
lxght provided sufflclent lllummatlon for re- 
cordmg the results With this arrangement. 
the two analysts were able to see the flxatlan 
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Fig 6 Plan of Fxlm Readmg Room for 
Analysis of Eye-Movement Films 

photographs clearly and to compare the”, 
with clear, bright pro,ect,o”s of the eye- 
movement films 

The eye movements of eleven a,rll”e 
p’lats were analyzed by two advanced 
psychology students under the mmxd~ate 
dlrectlon of a psychologist The ,,,aJOrlty of 
the films showed the pllots’ eyes reflected 
from the front rn,rror Films lnvolvmg the 

side mirror were used l” only a few cases 
when the pIlots’ eyes were not vx,ble I” the 
front r”1rror The groups of alrllne p,lots 
and the phases of fhght involved are hsted I” 
Table II. 

When the fxatxo” photographs were 
developed, It was found that on two of the 
reels the photographs were unusable It was 
therefore necessary to compare the eye- 
movement pxtures on those reels with f,xa- 
tmnphotographs from other reels. However. 
when the flxatlon photographs on the reman- 
mg rnne reels were compared for any one 
flxatmn pant. It was found that the possible 
errors Involved were w,thl” the acceptable 
lxmts of accuracy for the Intended purpose 
of this study 

Workmg mdependently. each analyst 
compared each photographlc frame with the 
fixatlo” pant prints and made a Judgment of 
Its locahon An attempt at absolute analysis 
was made. for example, the analysts wrote 

26” Left, 13” Up” rather than merely ,ndl- 
cat1ng a range of angles There were 
various categories Into which photographIc 
frames mqht fall For example 

a Correct Independent readmgs by two 
analysts were I” reasonable agreement 

b Bhnk The pllot clearly closed his 
eye~.for&few photographlc frames 

The film was renderedunusable 
due to vlbratlon I” the arcraft or movement 
of a p1lot’s eyes 

d Eyes Not Vlslble Only the top of the 
pIlot’s head, or his chm, or hand 1” front of 
his face was vls,ble. and there was not suf- 
f,c,ent ewdence for makmg any estunate of 
the posItlo” of the eyes 

e Apprcwmatmns When a pilot’s eyes 
were not vls,ble but the pos,tm” of his head 
clearly x”d,cated the dlrect,on of hts gaze, 
eachanalyst made the best estxnate he could 
and marked It as approxunate However, a 

TABLE II 

GROUPS OF PILOTS PARTICIPATING IN VARIOUS PHASES OF FLIGHT 

Type of Alrllne PIlot Phases of Fhght 

Englneerlng Test PIlot Take-off and landing 
Flight Supervisor Pilot Take-off and landing 
Instructor Pllot Take-off and landmg 
Trainee PIlot Take-off and cI,mb 
Trainee PIlot Descent and landing 
Trainee PIlot Take-off and clnnb 
Traanee Pllot Descent and landmg 
Trainee Pllot Take-off and landing 
Trainee Pllot Take-off and landmg 
Scheduled Pllot Normal fhght and landmg 
Scheduled P&t Take-off. clunb, descent, and landmg 
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photographx frame rmght be approxxnated 
ln one d,rectmn but read exactly ,n the other 

After both analysts had completed 
vlewmg a film, their duphcate readmgs were 
compared. Those photographx frames on 
which the analysts agreed to wlthm 10” in 
the horlaontal dxnenslon and to wlthln 5’ in 
the vertxal drnenslon were markedcorrect 
Those photographlc frames on which they 
dldnot agreew~thm theselumts were marked 
mcorrect IT, the d,mens,on I,, which they 
disagreed Approxrnatlons were not com- 
pared, however, spot checks were made on 
the approvunat~ons. and their agreement was 
almost as good as readmgs on the photo- 
graphic frames that were read accurately 

After the comparison had been made, 
photographx frames marked mcorrect were 
reread Independently by both analysts. The 
second readmgs were accepted as correct, 
regardless of the,r agreement or lack of It 
It rmght have been desirable to requre 
100 per cent agreement for the rereadings 
This was actually tried, but It appeared, on 
careful constderatlon, to be better to have 
two careful rereadmgs wlthout forced agree- 
ment Honest disagreement contmued to 
occur ln some cases, and, If agreement had 
been forced, there would have been some 
doubt as to the adequacy of compromise 
values 

It should be emphasized that through- 
out the entlre analysts the two analysts 
worked mdependently They sat in the same 
room but worked at different rates and 
were seldom readmg the same photographx 
frame at the same tune. They did not at any 
tImedIscuss with each other their Judgments 
of any photographic frame, and in rereadmg 
they contmued to work mdependently What- 
ever agreement exxsts between their read- 
mgs exists therefore because they were able 
to read accurately enough to agree w,thm 
the estabhshed lxmts, xn spite of dlfflcultles. 
rather than because d,scusslon and consulta- 
tlon enabled them to reach a Jomt dec,slon 

Table III 1s a numerical r4surn6 of the 
photographuz eye-movement data For each 
pilot 1t hsts the number of frames obtamed 
on the orlgmal films, the number of frames 
read (duplxate readmgs by two analysts 
usmg two copies of each film), the number of 
frames that were unusable because of bhnks, 
blurs, and other defects, the number of 
frames that could be used to obtam a far 
approxm,at,on, and the number of frames that 
were rereadbecause of disagreement between 
the two analysts 

Table III also shows the percentage of 
photographlc frames actually read, the per- 
centage unreadable (such as blmks), and the 
percentage of those whzch were approx,ma- 

t,ons or had to be reread If a photographic 
frame readmg were approximated in either 
dunens>on or the readmg were in disagree- 
ment n, either drnenslon. It was tabulated 
as ,f the approxm,atlon or dlsagreementwere 
I,, both dxnenslons If a photographic frame 
readmgwere anappror~matlon ln one drnen- 
slon and ,n agreement I* the other, It was 
tabulated as an approxunatlon 

The procedure used in tabulatmg re- 
sults was as follows 

1. The films were dlvlded Into phases of 
fhght. Orlgmally, ,t had been planned that 
these phases should be mdlcated in the film 
by a serxs of coded hght sqnals In most 
of the reels, these lqht signals were used 
exactly as planned. in others, however. 
technlcal dlfflcultles prevented their use. 
The dlvlsion of the films Into phases was 
done by careful mdlvldual analyst based on 
such mformatlon as the head and eye posl- 
tlon of the pilot, whatever lqht sqnals were 
avaIlable, lip readmg such as, “Wheels Up’ ” , 
v,bratlon of the airplane on touchdown, 
pxlotsl expressloos (almost all showed a re- 
lauat,on of facial expression and a broad 
grin after touchdown), comparisons of eye- 
movement photographs with the film taken 
straight ahead through the wIndshIeld. which 
gave a very good mdlcatmn of the airplane’s 
attitude The phases of fhght mto which the 
film was hnally dlv,ded and the crltena 
which defmed those phases are llsted ln 
Table IV 

2 Tabulatton sheets were prepared for 
analyzmg the data These were ,n the form 
of a grid srmlar to that used for mountmg 
the fixation photographs The grid hoes 
represent IO’ horizontal mcrements and 
5’ vert1ca1 increments This dlvtded the 
sheet Into rectangles 

3 For each phase, and with all pllots 
Included, the total number of frames that 
showed the pllots lookmg through a pa&- 
cular rectangle were noted ln that rectangle 
on the tabulation sheets These Included 
approxunatlons and rereadmgs See Tables 
III and IV. Blmks. blurs, and other defects 
were not Included. Frames showmg the 
pilots lookmg at mstruments were not 
llsted 

4 Percentages for the nurner~cal data 
were then transferred to an ldentlcal set of 
gr,d tabulation sheets They were obtamed 
for each phase by dlvldmg the number of 
frames llsted 11, any one rectangle by the 
total number of frames llsted on that grid 
sheet. 

5. One of the gnd tabulation sheets was 
then used to combme the eye movem&s of 
a11 pllots and all phases on one sheet In 
each rectangle were llsted al1 the frames 



PIlot No of 
Identlficatlon Frames 

Obtamed 

TABLE III 

NUMERICAL RESUME OF EYE-MOVEMENT DATA 

Duplicate Readmgs Using Two Copies of Each Film 

Analyst Frames Blmks. ADDTO*- _. 
Read and Other unatlons 

Defects 

1 4000 C 2488 1512 1088 62 2 37 8 43 7 
L 2366 1634 1088 59 2 40 8 46 0 

2 3235 C 2958 277 1534 470 914 
L 2953 282 992 470 91 3 

15 9 
15 9 

3 3561 c 3208 353 671 620 90 1 
L 3203 358 682 620 89 9 

19 3 
19 4 

4 1530 c 1381 149 755 203 90 3 
L 1416 114 603 203 92 5 

147 , 
14 3 

5 1250 c 1136 114 723 122 90 1 
L 1159 91 324 122 92 7 

10 7 
105 . m 

6 3300 C 2621 679 803 1118 79 4 
L 2661 639 279 1118 80 6 

20 2 
19 6 

8 2900 c 2770 130 1918 72 95 5 
L 2668 232 881 72 92.0 

86 51 9 
87 33 6 

99 37.2 
10.1 21 3 

97 54 7 
75 42 6 

99 63 6 
73 28 0 

20 6 30 6 
19 4 10 5 

6”: 61 38 4 7 

4.5 69 2 
80 33 0 

42 6 
42 0 

7 1982 C 1816 166 1115 366 91 6 
L 1863 119 721 366 94 0 

26 
27 

9 2330 c 2032 298 931 264 87 2 
L 2057 273 1222 264 88 3 

12 8 45 8 
11 7 59 4 

10 3780 c 3513 267 1812 261 92.9 
L 3497 283 2873 261 92 5 

11 1653 C 1066 507 747 78 64 5 
L 969 684 357 78 58 6 

TOTALS 29521 c 24989 4532 11209 4662 84 6 
L 24812 4709 8934 4662 84 1 

71 51 6 
75 82 2 

35 5 70 1 
414 36 8 

15 4 44 9 
15 9 36 0 

13 0 
12 8 

74 
75 

7.3 
80 

18 7 
18 a 

*Per Cent of Frames Obtarned 
**Per Cent of Frames Read Note C and L ldentlfy the two film analysts 

Frames Per cent 
Reread Read* 

Per Cent Per Cent 
Blmks, Approx- 

and Imatlons** 
Defects* 

Per Cent 
Re- 

read** 



Phase 

1 

2 Pre-Take-Off 

3 

4 

5L 

Take-Off 

Post Take-Off 
(Chmb) 

Left Turn 

5R Right Turn 

6 Clunb 

7 

8 

9 

10 

Descent Blank m film to 5.x flashes 

Fmal Approach 

Landmg Roll 

ALL 
PHASES 

9 

. 

TABLE IV 

PHASES OF FLIGHT AND THE CRITERIA USED 

Crlterla 

Begmmng of film to 120 photographlc 
frames before one flash 

120 photographIc frames 
before one flash to one flash 

One flash to two flashes 

Two flashes to 40 photographIc 
frames before four flashes 

40 photographlc frames before four 
flashes to 120 photographlc frames 
after four flashes 

40 photographlc frames before four 
flashes to 120 photographlc frames 
after four flashes 

120 photographlc frames after four 
flashes to blank in film which lndlcated 
that the camera had been turned off 

SIX flashes to seven flashes 

Seven flashes to 200 photographIc 
frames after seven flashes 

200 photographlc frames after 
seven flashes to end of film 

TOTAL 

No. of No. of 
FlXIIWs Px1ots 

1141 5 

987 6 

3080 8 

5692 

335 

1217 

4513 

7342 

4101 

2996 

4143 

35a17* 

B 

2 

5 

8 

9 

9 

9 

5 

11** 

*PhotographIc frames that showed glances at mstruments were read but were not Included in 
phase analyses or m the totals llsted In thx table. 

**A total of eleven pllots were Included 

that showed pxlots looklng 
rectangle. 

through that 

PRESENTATION OF DATA 

The percentage tabulations dIscussed 
m the foregomg Paragraph 4 concernmg 
tabulating procedures are presented in Figs 7 
to 17, lncluslve The numerical totals dls- 
cussed in Paragraph 5 are presented in 
Fig 18 

Each of the Figs. 7 to 18 includes two 

curves One of these (usmg dashed hne) m- 
valves eye movements m a horizontal dlrec- 
tlon. while the other (using sohd line) covers 
eye movements in a vertical dIrectIon To- 
gether, they show the relative usage of 
various portxons of the wIndshIelds and 
wmdows The height of the horizontal 
eye-movement curve for each 10’ In- 
crement of horuonttal arc 1s the sum of the 
numbers m that vertical column In a s1rn,- 
lar manner, the heights of the vertical eye- 
movement curve are the sums of the numbers 



ln the horizontal columns for each 5’ of ver- 
t1ca1 arc The grid lines provide plottmg 
Scales 

The zero poslt,on shown in Figs. 7 to 
19 1s the pomt on the arcraft directly ahead 
of the p,lat and comcldent with the horizon 
when the arplane IS I,, taxI attitude ThlS 

statement does not hold true for Fig 20, in 
which the zero positmn 1s straight ahead of 
the pIlot and on the horrz,onwhen the a,rplane 
IS in cruise attitude on a level fhght path 

The curves superunposed over the 
numbers are mtended to show the general 
characterlstlcs of the data Both graphlcal 
and nurner~cal data on each phase are shown 
so that evaluation can be made and a better 
understandmg obtamed of the mterrelat,on- 
ship among upward. downv,ard. left, and r,ght 
vlsu,n angles Although It ,s of some Interest 
to know the exact values, It 1s belxevedthat 
If Only one pllot makes JUSt one &mce to 

search for visual gutdance while fly,ng an 
airplane, the importance of that glance must 
be consIdered 

DISCUSSION OF DATA 

Phase 1 - Tax Before Take-Off 
A total of 1,411 photographIc frames 

were analyzed for Phase 1 Five p,lats re- 
presentmg all groups were Included Fig 7 
shows the percentage of use that these pllots 
made of various portlox of the wmdshlelds 
and wmdows durmg the tax1 phase of fhght 
from the begmnmg of the tax to engme check 
(called run-up) While taxlmg, the nose of the 
axplane IS panted 2’ above the horleonttal 
This attitude 1s called nose up An attempt 
was made to remove all visual references to 
the alrcraft mstrunents, however, because 
of the type of analysx that was requxed, an 
accuracy greater than 5” ,n the upward and 
downward dlrecflons and 10” to the left and 
right was not possible. Therefore, some 
small mfluence of mstrument readmg may 
be seen near the border of the Instrument 
pane1 

The s&d curve with vertical base. 
shown on the right side of Fig 7. mdlcates 



Fig 8 Phase 2 - Wmdshleld Usage Durm 
(6 Pllots. 907 PhotographIc Frames 

Pre-Take-Off From Run-Up to Full Throttle 

the vertical scannmg by the pllots The 
greatest percentage of photographlc frames 
of glancrs made outsIde the airplane falls m 
the sector from 0 to 5” above the horizon, 
the next highest bemgm the sector from 5 to 
10’ above It Very little vlslon was desired 
above 15”. The curve also shows a strong 
tendency for the Tllots to use as much as 
20’ downward v1slon, and It 1s relatxvely 
strong down to 35” below the horrzon. 

The dashed curve shown In Fig. 7 rep- 
resents the percentage of photograph,= 
frames used for horrzontal scannmg This 
curve shows no strong tendency for the pllots 
to use anyspeclfic sector but shows a general 
use of the wmdshleld at angles rangmg from 
125’ left to 90’ right The highest peak 
occurs m the sector 60 to 70’ to the right 
which 1s located m the first wmdow to the 
right of the co-pllot It may be slgmficant 
that this 1s the first clear wmdow that IS 
ava&ble to the pllot m seekmg right-hand 
v1smn By checkmg the numerical data shown 
m Fig. i. It can be seen that 6.5E per cent 
of scanmng of the photographw frames occurs 

on the horizon or slightly above It and 65” to 
the right. This 1s a very high percentage for 
this phase However,m checkmg the Indlvld- 
ual pllot data It was found that this peak 
was caused by one p,lot who may possibly 
have been observmg a particular aIrplane m 
that dlrectmn The very general dlstrlbutmn 
of the percentages over the entIre lower 
wmdshleld area mdlcates that all the vlsmn 
thx airplane affords was used durmg the 
taxlmg maneuver 

Phase 2 - Pre-Take-Off 
Phase 2 starts the mstant after run-up 

and contmues until the throttle 1s opened for 
take-off SIX pllots, m a total of 987 photo- 
graphic frames, were used m this phase. 
All groups of pllats were mcluded In every 
case. lmmedlately after run-up. the airplane 
made a right turn onto the runway for take- 
off The tax1 attitude of the arcraft was 
2’ nose up 

The solId curve representmg the up- 
ward and downward YISIOII shows the peak of 
us age shghtly above the horizon with 



extensive usage Just below the horizon The 
curve also shows fairly general usage of the 
wIndshIeld, with a rnmor peak occurrmg ap- 
proximately 25’ above the horlson and ex- 
tenslve usage down to approximately 25” be- 
low the horxzon. 

The dashed curve m Fig 8 shows that 
the highest percentage m number of photo- 
graph,= frames occurs between 0 and 10’ to 
the right. It IS beheved that this IS the area 
where the pllots were lookmg when lmmg up 
the arplane wulth the runway. prior to open- 
~ng the throttle. A rmnor peak 1s located 
between 50 and 70” ta the left Th,s peak 
was caused by pIlots’ glances to the left to 
see that the area was clear for landmg axr- 
craft. Another peak erlsts between 40 and 
50” to the right This peak was probably 
caused by glances to see that the runway was 
clear before taxlmg onto the runway for 
take-off It 1s lnterestlng to note the use of 
the wIndshIeld In the 40 to 80’ left sector. 
This was due to the pllots’ attempts to make 
certam that there were no approaching al=- 
planes prior to taxnng Into take-off posltlon. 

The dashed curve of Fig 8 shows that 
durmg pre-take-off there IS appreaable use 
of the wmdshleld from 120’ left to 70’ right. 

Phase 3 - Take-Off 
Phase 3 of fhght starts the mstant the 

throttle 15 opened for take-off and ends the 
mstant the airplane leaves the ground The 
attitude of the arcraft durmg the first 40 per 
cent of the time after the throttle 1s opened 
vanes from 2” nose up to 1” nose down 
Durmg the fmal 60 per cent of the take-off 
run, the arcraft attitude IS 1’ nose down 
All eight pllots are represented for a total 
of 3,080 photograph,= frames 

The s&d curve shown In Fig 9 xndl- 
cates a maJO= peak of usage from 0 to 5’ 
above the horleon Thus mdlcates that there 
IS strong slm&ulty among pllots durmg the 
take-off phase The curve also shows ex- 
tenslve use m the 0 to 15’ downward region, 
mdlcatmg that the pllots often look down In 
the area lmmedlately In front of the arplane 
while takmg off It 1s probable that the peak 
located 30’ below the horizon IS partiallydue 



Fig. 10 Phase 4 - Wmdshleld Usage Durmg Post Take-Off, From Airborne to 400-Foot 
Altitude (8 Pllots, 5692 PhotographIc Frames) 

to Instrument readmgs 
The dashed cnrve shows a peak of 

usage m the 0 to 10” right sector and agam 
lndlcates a common tendency among pllots 
It 1s apparent that durmg take-off the pllot 
1s seekmg v1smn dxectly ahead and 1s not 
lookmg to one side or the other for more 
than a total of 30’ The peak located 20 to 
30’ to the left was caused by one pllot. and 
the reason he used thx area so frequently 1s 
not known 

Phase 4 -Post Take-Off 
Phase 4 begms the mutant the wheels 

are off the ground and ends when the au- 
plane reaches an altitude of 400 feet 
Immediately after the wheels leave the 
ground, the alrplane attams an attitude of 
7 to IO” above the horizon and stays In that 
attitude 30per cent of the post take-off time. 
After a steep chmb. the alrplane settles 
down to an attitude of 5’ nose up for 70 per 
cent of the post take-off time Fig 10 shows 
the percentage for eight pllots from all groups 
In 5,692 photographIc frames. 

The solld curve IS spread throughout 
a range from 15” above the horleon to 35’ 
below It. with mayor peaks occurrmg from 
0 to 5’ upward. from 10 to 15” downward, 
and from 20 to 25” downward The 0 to 5’ 
peak above the horizon 1s the maxxmum The 
other two peaks In the vertical range are 
probably due to some influence of Instrument 
readmg However, downward wslon appears 
to be of consIderable Importance m the post 
take-off phase It IS bellwed that some of 
the emphasis on downward vision was due to 
the pllots searchmg downward and to the 
right or left prior to entermg turns followmg 
the post take-off phase. 

The dashed curve. representmg hon- 
eontal wsion, shows a peak between 0 and 
10’ to the right Th,s peak 1s qute broad 
covermg a range from approximately 40” 
left to 40’ right 

Phase 5L -Left Turn 
In Phase 5L. the pllots’ eyes were re- 

corded durmg a low altitude left turn. In 
this maneuver the airplane attams a bank of 



Flp 11 Phase 5L --Wmdshleld Usage D urmg Left Turn (2 Pilots, 335 PhotographIc Frames) 

25’ for 75 to 80 per cent of the phase t,me, 
and the bank 1s held constant. The rema~nmg 
20 per cent of tune 1.~ used in gomg Into and 
out of the bank A total of 335 photographlc 
frames recordmg the &rectlons of glances of 
two pilots were used for the analysz. 

The s&d curve III Fig 11 contaxls 
two peaks The mqor peak occurs between 
15 and 20” above the horizontal reference 
lme The second peak occurs in the sector 
from 5 to 10’ above The rme ,n the curve 
at the sector 20 to 25’ below the reference 
lme can be attr,buted to mstrument readmgs 

The dashed curve shows that conslder- 
able v~slon to the left 1s needed for this 
maneuver. The rna~or peak occurs in the left 
80 to 90’ sector. with other peaks occurrmg 
,n the left 60 to 70’ sector and the left 30 to 
40’ sector. Agam It ,s felt that the peakin 
the 0 to 10” left sector 1s exaggerated by 
glances at the mstruments, although there 
1s also a high percentage I* the porhon 15 to 
20’ above the reference hne 

Phase 5R - Rqht Turn. 
Phase 5R concerns low altitude right 

turns The total photographw frames repre- 
sented are 1,217 Five pilots are Involved 
The percentage of the total phase tmne held 
constant at 25” bank 1s 75 to 80 per cent 
The rernammg 20 per cent of the tune 1s 
used III gang Into and out of the bank Most 
of the turns were made below 300 feet and 
at a rather steep angle to prevent entermg 
mstrurnent conrhtlons 

The s&d curve shown III Fq 12 shows 
a peak 5 to 10” above the reference pant and 
shows ertens~ve use ,n the 0 to 5’ regmn 
above It Downward vmblllty, from the 0 to 
15” regmn below the reference pomt, 1s also 
mdxcated as bang used often The peak that 
,s located 25” below the pomt mdlcates that 
the pilots made frequent use of the wIndow to 
the rqht and below the co-pllot’s posltmn ,n 
completmg this maneuver. 

The dashed curve shows a broad peek 
at 20’ to the right The smaller peak at 60’ 



Fig 12 Phase 5R-WIndshIeld Usage Durmg Rqht Turn (5 Pilots, 1217 PhotographIc Frames) 

to the right substantiates the fact that the 
pilots use a wmdow to the right and below the 
co-pIlot 

It 1s mdlcated that a regmn bounded by 
25’ above and 35’ below and by 20’ left and 
90’ right of the reference pant was used 
extensively 

Phase 6 - Chmb 
Phase 6 covers the time of flight from 

the Instant the turn IS completed until the 
arcraft has reached an altitude of 1,000 
feet Eight pilots from all groups were 
photographed In a total of 4,513 frames 
The attitude of the aIrplane was 6’ nose up 

The rnqor peak of the solId curve 
shown in Fig 13 occurs from 0 to 10’ above 
the reference hne. and a small one occurs at 
45” above it By leamng forward It IS POSSL- 
hle for a pllot to reahze these upwardangles 
of VISION, even though the photograph of the 
wlndshleld (Fig 4) Indicates that the cock- 
pit IS cut off at a somewhat smaller angle. 
Another nxnor peak was observed to fall 
15” below the horleon with farly high Inter- 

mediate values between this peak and the 
maJo= one The peak located 25’ below the 
horIzonIs consldered to be mfluenced some- 
what by Instrument readmgs. 

The dashed curve has a very broad 
peak 10’ to the right and mdlcates a general 
spread from 15” left to 35” right of the ref- 
erence pomt The peak In the dashed curve 
located 60’ to the right IndIcatea that the 
pllots make conslderable use of the wmdow 
Just to the right of the co-pllot The dashed 
curve mdlcates that the wndshleld are a 
used extends from 60’ left to 100’ right 

Phase 7 -Descent 
Percentages of tot al photographic 

frames are shown in Fig 14 for nme pllots 
This phase mcludes a total of 7,342 photo- 
graphlc frames with all groups of pllots in- 
eluded. Phase 7 of fhght colnclded with the 
descent of the alrplane from 1,000 feet to 
200 feet altitude, preparatory to landing 

Durmg the first 75 per cent of the 
descent phase, the attitude of the airplane IS 
relatively constant at 3 to 4’ nose down. In 
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Fig. 13 Phase 6 -Wmdshleld Usage Durm Climb, After Turn to l,OOO-Foot Altitude 
(8 Pllcas, 4513 PhotographIc Frames 

the fmal stages at ZOO-foot altitude. or 25 per 
cent of the phase tome. the attitude drops 
sharply to 6 or 8’ below the horizon There 
1s a decided and sudden mcrease III down- 
ward attitude 1x1 the fmal stages of this 
phase 

The solId curve shows a maJo* peak 
between 0 and 5” above the reference lme 
The peak shown at 15’ below the hne was 
caused by the pilots’ glances as far down as 
the alrplane would permit m the area from 
0 to 30’ to the right There may be some 
slight Influence of mstrumenta causmg this 
The r-latlvely broad peak located 30” below 
the aIrplane reference lme 1s a strong mdl- 
catlon that the pllots used all the downward 
vlslblhtyavallahle m this particular aIrplane. 

The dashed curve shows at 5& to the 
right a peak which 1s very broad at the base 
and which extends from 35’ right to 25’ left. 
This mdlcates that there was a considerable 
difference among pllots m the visual cues 
used while descendmg It IS beheved, how- 
ever, that this mdlcates a crltlcal need for 
appreciable vlslblhty III this area durmg 

descent Smce the wslblllty requirements 
apparently vary from one pllot to another 
and smte It 1s very difficult to change the 
v,sual hab,ts of a pxlot. It 1s necessary to 
provide sufflclent vls~on angles to satisfy all 
p,lots The peak located 35’ to the left was 
caused by two pllots who had often flown 
this aIrplane. 

Phase 8 - Fmal Approach. 
Phase 8 starts when the alrplane IS 

200 feet above the ground on the final approach 
and ends the Instant the wheels touch the 
ground The percentages of 4.1Oi photo- 
graph,= frames for rune pllots are shown m 
Fig 15 All types of pllots are Included 
The attitude of the azrplane durmg 75 per 
cent of the fmal approach E 8’ nose down 
This downward attitude IS contmuous from 
the previous phase The remanmg 25 per 
cent of the phase txne 1s spent at ana~rplane 
attitude of 1 to 8’ nose down and m levelmg 
off to a touchdown attitude 

The peaks are very high and very 
narrow. mdlcatlng that there was little 



Fig 14 Phase 7 -Wmdshleld Usage Durmg Descent From l,OOO- to ZOO-Foot Altitude 
(9 Pllats. 7342 PhotographIc Frames) 

disagreement among pllots and very little 
shift In vlslon froma center pant of 5’ above 
the horleontal reference and 5” to the right 
of the vertical reference This exemplifies 
the fact that very little of the wIndshIeld 1s 
actually used durmg the fmal approach It 
1s believed that the small peak occurrmg m 
the sohd curve, 15” down, may have been m- 
fluenced by the pIlots’ readmg arcraft 
tnstruments 

Phase 9 - Landmg Roll 
Phase 9 begms the Instant the wheels 

touch the runway and ends when the alrplane 
has stopped rollmg after touchdown The 
percentages of photographlc frames are 
shown m Fig 16 Included In this figure are 
rune pllots of all groups and a total of 2,996 
photographlc frames The attitude of the 
arplane IS 2’ nose up 

The peaks of the curves agam are very 
high, however, there IS some spreadmg In 
the horizontal dIrectIon, mdlcatlng that there 
IS a shift of vlslon from right to left durmg 
landmg roll 

Phase 10 -Tax After Landmg 
The wvlndshleld usage of five pllots 

from a total of 4,143 photographx frames 1s 
shown In Fig. 17 All groups of pllots are 
Included ln Phase 10 The attitude durmg 
tam phase 1s 2” nose up 

The solId curve has a relatively high 
peak and falls m the 0 to 5” sector above the 
horizontal reference lme Extensive use 1s 
shown below the reference hne, mdlcatmg 
that much downward v1sLon 1s used A low, 
flat peak occurrmg 25 to 3O’below the refer- 
ence lme mdwates that this 1s an Important 
visual area durmg a certam phase oftaxlmg. 

The dashed curve has a peak 5” to the 
right of the vertical reference hne and shows 
considerable use from 60” left to 70” right 
The peak occurrmg 55” to the nght comcldes 
with the small wmdow located below and to 
the right of the co-pllot 

All Phases 
Shown In Fig 18 are the 35,817 photo- 

graphic frames for all phases of flight and 
for all pllots This 1s the total of both 



F,e 15 Phase 8 - Wxndshleld Usage Durmg Fmal Approach. ZOO-Foot Altitude to Touchdown _ 
(9 PIlots, 4101 Photograph;= Fram&] 

analysts The actualnumbers of photographlc 
frames are shown so that the use made of 
the various extremltles of the wmdshleld 
area can be evaluated exactly The highest 
peak of the sohd curve falls 11, the 0 to 
5” sector above the reference lme Another 
peak occurs 15” down and still another 
25” dcmn These last two peaks were in- 
fluenced consxderably by tax~mg and turns 
but only slightly by mstrument readmg 

The maxmnnnvalue of the dashed curve 
,s lower than the max,mum value of the 
sohd curve, mdxatmg that a pllot moves his 
head from s,de to side more frequently than 
up and down and seeks more vmb,llty in the 
hor,eontal d,rectxon than ln the vertical 
dIrectIon The small peak in the dashed 
curve, occurrmg 55” to the right. mdlcates 
the use of the small wlndow below and to the 
right of the co-pllot in this airplane 

GENERAL DISCUSSION 

Fig 19 shows the phatographlc frames 
for all pllots durmg all phases Supe rmposed 

on th,s figure, the long dashed curve 1s the 
outhne of the cockplt vlslblllty angles af- 
forded by the Boemg 377 Stratocruser air- 
plane The sohd curve, also shown mFlg 19 
represents the outlme of v,slon angles that 
were consIdered excellent by alrIme pllots 
I,, the gtudy made by the use of questIon- 
naLres. while the short dashed curve re- 
presents the outlme of v~slon angles that 
were considered rrnn~mum but adequate, by 
arlme pIlots 

It 1s shown ,n Fle 19 that many of the 
photographIc frames ?a11 outslde the wmd- 
shield area of the Model 377 airplane or on 
structural members ,n the wmdsh~eld Nor- 
mal readmg inaccuracies and the fact that a 
pIlot’s eyes must pass over areas which are 
not mmdshleld account for some of these 
The pllots frequently leaned forward and 
to either side for the purpose of mcreasmg 

3 
P,gman and Edwards, op at 



2996 PhotographIc Frames‘) 

their field of mew This was especially true 
when seekmg visual guidance 70” to the right. 
to the extreme left, straight ahead, or down 
over the nose 

PIlots flying the Model 377 airplane 
frequently moved thar heads forward and 
downward to obtam visual gudance ,n the 
area that 1s obstructed by the heavyhorleon- 
tal structural member In the 15 to 20’ up- 
ward vlslon area This wide horleonttal 
member has a tendency to restrict the pllot’s 
y1slon to the lower wmdshleld Fig 19 
shows that the flights Included m this study 
Involvedvery little use of thewmdshleld area 
above this structural member However, 
relative colllslon causes that make ms~on In 
this sector xnportant can exist Figs. 13 
and 14 mdlcate use of thx area for chmb 
and descent. 

Ninety per cent of all photographlc 
frames fall mslde the wmdshleld are a 
bounded by the solld lme XI Fig 19 This 1s 
the area that the alrlme pllots considered 
excellent This percentage would be increased 
If It were possible to separate the external 

vision from the mstrument fmatlons which 
occur III the 0 to 30” left and 15 to 30” down- 
ward area The Instrument panel actually 
extends 5” to the left of the vertlcal reference 
lme The photographlc frames that Include 
observahons made durmg the clunb and 
descent phases appear m the area 7’ right and 
35’down It IS felt that some of thesemclkde 
observations made on objects that were m- 
side the aIrplane, such as engme and pro- 
peller controls 

Seventy-nme per cent of the total 
number of photographlc frames fall mslde 
the wIndshIeld area that was selected by air- 
hne pllots as m~nunum, but adequate 

The particular type of axcraft used m 
the tests has a very spaclaus cockplt and 
was convement for conducting the tests In 
deslgnmg a cockpit of this width, however, It 
1s dlff,cult to obtam satisfactory vlslb1llty 
angles to the extreme left and nght The 
wmdshleld area shown outlmed by a long 
dashed curve In Fig 19 IS m an alrplane 
havmg a cackplt wdth of approximately 
100 Inches at the pIlot’s eye level. and the 



FIN 17 Phase 10 - Wlndshleld Usage Durmg Tam After Landmg (5 PIlots, 4143 PhotographIc 
Frames) 

wmdshleld area that 1s shown sohd 1s In a 
hypothetIca airplane havrng a cockpit width 
of apprommately 72 Inches at the p&t’s eye 
level In general, It can be sad that It IS 
possible to locate the pllot’s eyes closer to 
the wmdshxeld with a narrower cockplt than 
with a wider one The closer a pIlot’s eyes 
are to the wIndshIeld, the more vlslblllty he 
can obtam by a shght head movement It 1s 
possible, however, to locate the pllot’s eyes 
too close to the wIndshIeld. This ~111 cause 
them to become excessively tired, because 
the wmdshleld heat dries out the eye flud 
A horizontal distance of 20 Inches from the 
pllot’s eyes to the wmdshleld IS consldered 
acceptable Preclpltatlon aggravates the 
vlslblllty problem when the wIndshIelds are 
located at a greater distance 

Observations made by the authors 
Indicate that while searching the skies for 
other arcraft, there IS a basic psychologlcal 
urge for a pllot to xnprove hxs vLs1on byhead 
and shoulder movement It IS bellwed that 
this would be true regardless of the amount 
of vlslblllty offered by the wIndshIeld 

CONCLUSIONS 

1 Pilot usage of the wIndshIelds and 
windows includes lookIng to the far left, to 
the far right, and near the top and bottom of 
those general areas for less than one per 
cent of the total tune photographed Smce 
therewere few photographlc frames for those 
dIrectIons, It 1s evident that the pllot required 
only a fraction of a second to lnvestlgate 
them It would be an unusual sltuatlon when 
a pIlot would fly with his eyes turned 120’ to 
the left for a long period of tune A quck 
glance 1s all that most pllots have time for, 
but one glance makes the difference between 
knowing or not knowing whether there IS 
another airplane III that vlcuuty The actual 
magnitude of the percentage IS not In Itself 
crlKl&l That such observations occur at all 
In these posltlons 1s xnportant The areas 
on the wIndshIeld that show high percentages 
of usage are generally the areas through 
which the pllot 1s obtalnlng visual cues nec- 
essary to operate his arcraft and not the 
areas of the wIndshIeld which are used to 



Frames) 

search the air space for other arcraft 
2. The wIndshIeld area used by the pllots 

durmg the pllot eye-movement study substan- 
tlates, to a consIderable extent, the con- 
cluslons drawn from the alrlme pllot ques- 
tlonnare study Fig 19 shows that 79 per 
cent of the fixations made durmg the study 
fall wxthm the “mlnxnum, but adequate” area 
evaluated by alrlme pllots Nmety per cent 
of the hxatlons fall wIthIn the “excellent” 
.aslon area, a5 evaluated by alrhne pllats 
Thts difference IS slgrnficant enough to 
substanttlate a recommendation of adoptmg 
the “excellent” vlslon area rather than the 
“rn~n~mum. but adequate” area as a basis of 
pllot cockplt vlslblllty needs An example of 
such vlslon lxmts IS shown In FLY 20 

3 By referrmg to Fig 19 It can be seen 
that many observations fall outsIde the 
Boemg 377 arplane wIndshIeld area Some 
of the reasons for this are 

a There were some normal readmg 
maccuracles 

b At some moments a pllot’s eyes 
must pass over some areas which are not 
wmdshleld 

c The alrplane dxd not always provide 
sufficient angular vlslon III the areas 
needed 

d The pllot moved his head and 
shoulders to Improve his field of view 

e Workmg under difficult arcurn- 
stances caused rrnnor errors m some of 
the data There 1s a posslblhty that the 
sublects may have had a tendencyto over- 
emphasize vlslblllty problems, and theI e- 
bytheymay have created a fIalse mdlcatlon 
for certam v151on angles This may be 
true durmg & few phases of fhght In ob- 
servmg the film. It was apparent that 
very httle of this actually occurred, and 
It 1s beheved that this condltlon had very 
little, If any. effect on the results 
4 The results show that transport pIlots 

attempt to search for other arplanes but 
may be prevented from seemg them by the 
structure of the aIrplane 

5 There are well-defmed characterlstlc 
differences between phases These dltter- 
ences conform to what rmght logically be 
deduced concernmg the necessity of angular 
v~smn In the various phases of flight 
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