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A STUDY OF PILOTS' EYE MOVEMENTS DURING VISUAL FLIGHT CONDITIONS

SUMMARY

To obtain further substantial informa-
tion for establishing minimum angles of
vision from the cockpit of airplanes, motion
picture photographs were taken of pilots'
eyes and heads while they performed critical
maneuvers with aircraft during daytime
visual flight conditions

Boeing 377 GStratocruiser airplanes
were used for this study This particular
type of aircraft was selected because of 1is
roomy cockpit and hecause its windshield
provides the pilot with greater angles of
vision than any other transport type

Three motion picture cameras were
used simultaneously Two of these recorded
the pilot's eye movements through a system
of mmrrors, the thrd photographed the
horizon out ahead of the airplane Basic
references or fixation points were established
for pilet eye positions by selecting definite
locations on the windshield and photograph-
ing the pilot's eyes while they were fixed on
those selected locations while flying

A photographic enlargement of the
pilot's eyes was made for each fixation
point, and these prints were placed on a
large grid which represented the aircraft
windshield It was then possible to compare
each photographic frame of the film with the
print made of each fixation pownt, and by
comparing the pupillary position 1t was
actually possible to select (in degrees) the
point toward which the pilot was loglking at
any particular instant of time

The motion pictures so obtained were
analyzed frame by frame to determine which
portions of the windshields and windows were
being used and how much each section was
being used The results are presented 1in
terms of the percentage of frames showing
the use of each windshield section Sections
are 5° high and 10° wide For presentation,
this study 1s divided into phases of flight
taxiing, take-off, climb, turning, approach
for landing, and touchdown {the moment at
which the plane touches the ground)

Five groups of airline pilots partici-
pated as subjects 1n the tests They were
engineering test pilots, flight supervisor
pilots, 1nstructor pilots, trainee pilots, and
scheduled pilots No outstanding differences
were percelved in windshield use by any one
pilot, or any group of pilots However, great
differences occurred i1n the vision areas
used in the various phases of flight

The areas on the windshield that show
high percentages of usage are generally the
areas through which the pilot 15 obtaining
visual cues necessary to operate the aircraft
and not the areas of the windshield which
are used to search the air space for other
aircraft, The windshield area used by the
pilots during the pilot eye-movement study
substantiates, to a considerable extent, the
conclusions drawn {rom an airline plot
questionnaire study previously reporied
The results of the current study show that
transport pilots attempt to search for other
aircraft but may be prevented from seeing
them because of windshield structure

INTRODUCTION

Growing interest 1n increased cockpit
vision has been shown for some time by the
aircraft industry. This interest has heen
brought about by the general belief of airline
pilots that cockpit wvision i1n most present-
day transports 1s not entirely satisfactory
Due to the substantial increase 1n the number
of aircraft mow using our airports and air-
ways, there 1s a defimite need for increased
cockpit vision The operational characteris-
tics of aircraft vary considerably from one
type to another, yet all use the same airports

The pilot eye-movement study 1s one
phase of a cockpit vision study that was
commenced in 1948 by the Technical
Development and Ewvaluation Center of the
Civil Aeronautics Admimistration at
Indianapolis The specific aim of the study
was to determine which areas of the wind-
shield and what wvisual angles the pilots
actually use 1n performmng critical flight
maneuvers defined as take-off, landing
approach, and low altitude turns, These
definitions were established by the airline
pilots themselves and were taken from a
previous study of cockpit wvisibility, which
study was bflsed on an airline pilot
questionnaire

TEST PROCEDURE

Since many variables are involved in
deterrmining the vision angles which areused

1Ge:orge L Pigman and Thomas M
Edwards, "Airhne Pilot ©QQuestionnaire Study
on Cockpit Visibility Problems,” Technical
Development Report No 123, CAA, Indian-
apolis, September 1950
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Fig 1 Type of Airplane Used to Obtain Data

by transport pilots, it was not deemed feas-
ible to simulate flight problems in the labora-
tory The ideal situation would have a pilot
sitting at the end of a boom extending forward
from the nose of an aircraft with no cockpit
enclosure to restrict his wvision Since this
was not possible, the Boeing 377 5iratocruiser
shown in Fig 1 was used as a flying labora~
tary because 1t affords a pilot the greatest
angular vision of any modern iransport

The Department of the Air Force
developed a method of recording visual
observations made by airplane pilots whale
condugting flights under instrument condi-
tions This method incorporated the use of
a camera and, on the instrument panel, a
mirror 1in which a plot's eyes were visible,
By this means it was possible to determine
which insiruments a pilot uses, the length of
time he actually refers ta them, and the rel-
ative usage pf instruments by mlois,

Discussions were held with the per-
sonnel that conducted the Awir Force tests to
determine the himitations of the method and
todiscuss a sirmlar application io the cockpit
vision problermn  Though the difficulties of
successful analysis were many, the Air
Force method stll appeared io be the best
one for determimng the areas toward which
pilots look while flying airplanes

ZCapt Richard E Jones, I1st Lt Jom L
Mailton, and Paul M Fitis, Ph D,, "Eve Fi1xa-
tions of Arrcraft Pilots,' Parts [1-IV, USAF,
Wright-Patterson Aw.r Force Base, Air
Materel Command, 1949-1950

One Cine -Kodak Special and two Bolex
H-16 cameras were used for this work
These were 16-rilhirneter cameras driven
electirically and operating at eight frames
per second, and all three were necessary io
gbtain cormnplete information, They were
mounted on a special stand and installed 1n
the Boeing 377 cockmt See Fig 2. One
camera, mounted at the sarne height as the
pilot's eyes, recarded the terrain directly
ahead of the pilot Ths camera recorded
airplane attitude and maneuver and provided
clues to the object being observed by the
pilot The second camera was mounted in
such a manner that it recorded the p1lot's
eyes when visible 1in the oumrror located
directly 1n front of him The mirrors can
be seen 1n Fig 2. An example of the image
recorded in the front mmrror 15 shown 1in
Fig 3 The third camera was mounted to
record the mlot's eyes when visible 1n the
mirror located to his leff, and it thereby
photographed his eyes while he was making
a left turn During a left turn lus eyes were
not usually wvisible 1n the front mirror The
cameras were driven by batteries and were
operated sirnultaneously by one switch No
syachromzation of the three cameras was
possible because of the varying friction
clutches 1n them, however, coordination
between cameras was obtained by a flashing
light which was mounted in the field of view
of each camera A switch permtied control
of frequency and duration of the flashes

Airplanes and prlots from Umted Air
Lines and Pan American World Airways
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Fig., 2 Cockpit Arrangement Showing Location of Cameras and Mairrors

were used for the pilot eye-movement study
twas belhieved that the visibility Tequirements
could possibly change from one group of
prlots to another and that i1t would be essen-
t1al to include all groups of airhine pilots in
this study The tests were therefore con=-
ducted at San Francisco, Califormia, where 1t
was possible to obtain pilot eye-movement
records of enpgineering test pilots, flight
supervisor pilots, i1nstructor pilots, trainee
pilots, and scheduled pilots Eleven different
pilots were photographed

Several preliminary flights i1n the
Boeing 377 were necessary to perfect pro-
cedure, equpment, and sequence of operations
Coordination of the three cameras was at-
tempted on a frame-by-frame basis by using
auxiliary mirrors and a motor-driven
Veeder-Root counter, however, severe
vibration was encountered, and the arrange-
ment was not usable Aperture setiings were
a constant problem, since the exposure
varied on all three cameras because of the
different subject material being recarded
and because of the varying light conditions
A considerable number of test flights were

conducted at sunrise, and the low angle of
the sun created a problemm Low altitude
left turns off the San Francisco airport were
impractical due to prevailing winds and
terrain roughness, however, several low
altitude turns were made over the bay
especlally for the tests

Tests were conducted during engineer-
ingtest flights, pilot traiming flights, standard
test flights, and one scheduled flight A sep-
arate reel of film was used for each flight,
and each reel included fixation photographs
These were obtained as follows  Before
commencing the flight, the pilot was asked to
stare at cerfain fixation points 1n the aircraft
cockptt These points are shown in Fig 4
and are lhisted 1n Table I While the pilot's
eyes and head were fixed on each of these
known spots, the cameras made a photo -
graphic record of his eyes

After the fixation point records were
made, the airplane was taxied out for take-
off The cameras were started and operated
for a Iimited time while taxiing the airplane
The cameras were started again as the plot
swung onto the runway for take-off As the



Fig 3 Sample Pilot Eye Movement,
16-Mallimeter Filin Strip

throttles were opened, the synchrom=zing
light was flashed once The light was flashed
twice when the wheels left the ground Three
flashes were made when the airplane reached
a 400-foot altitude after take-off Four
flashes indicated the airplane was malking a
low altitude turn The first flash of the series
indicated the execution of the maneuver The
cameras were then shut off until the airplane
was about to comnplete the flight and was at a
1,000-foot altitude on the approach for land-
1mg Arrival at this point was indicated by
flashing the light five times. S5ix flashes
were made when the 200-foot altitude was
reached on the approach for landing Seven
flashes 1indicated that the airplane had
touched the ground Pictures were also
taken during the landing roll and taxi phase

ANALYSIS OF FIL.MS
A contract for analyzing the photo-

graphic records was let to Antioch College
in Yellow Springs, Ohio Two copies of each

TABLE I

LOCATICON OF FIXATION POINT PRINTS
BY DEGREES

Print Horizontal Vertical
Number Location Location
(Degrees) {Degrees)
1 115 L (Left) 3 D {Down)
2 95 1. 30 U (Up)
3 88 L 3D
4 67 L 12 U0
5 67 L 23D
6 47 L 3D
7 29 1L, 12U
8 33 L 35 D
9 14 L. 3D
10 2 R (Right) 100
11 0 13 D
12 12 R 1D
13 33 R 0
14 10 R 22D
15 10 R 25 U

Above angles measured with respect to
ptlots' line of vision while looking straight
ahead and at the horizon with aircraft in
taxiing position See 0° angle reference
point marked on Fig 4

hlm were supplied to expedite two 1inde-
pendent analyses of each film Enlarge-
ments of the fixation photographs were also
supplhied and were placed on a grid, as shown
in Fig 5 These locations corresponded to
the fixation spots shown in Fig 4 and histed
1n Table I

The fixation grid was mounted at one
end of a room that was specially arranged
tofacilitate the analysis of the eye-movement
films A plan of the film reading room 1s
shown mn Fig 6 The purpose of this
arrangement was to oeobtain a maximum
visibility of the projected eye-motion films
and the fixation photographs In order to
accomplish this, sources of light were hupghly
localized with most of the room in near
darkness There were no windows, and the
walls and ceiling were painted black The
fixation grid was lLighted by fluorescent tubes
shielded by black cloth Two projection
set-ups were provided to expedite the dupli-
cate analyses of each film Each projection
was focused into a black projection box with
a white screen at 1ts end A red overhead
light provided sufficient 1llumination for re-
cording the results With this arrangement,
the two analysts were able to see the fixation



¥Fig. 4 Fixation Points in Position on Windshield
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photographs clearly and to compare them
with clear, bright projections of the eye-
movement films

The eye movements of eleven airline
pilots were analyzed by two advanced
psychology students under the immediate
ditection of a psychologist The majority of
the films showed the pilots' eyes reflected
from the front mirror Films involving the

side mirror were used in only a few cases
when the pilots' eyes were not visible 1n the
front murror The groups of airline pilots
and the phases of flight involved are Iisted 1n
Table II.

When the fixation photographs were
developed, 1t was found that on two of the
reels the photographs were unusable It was
therefore necessary to compare the eye-
movement pictures on those reels with fixa-
tion photographs from other reels. However,
when the fixation photographs on the remain-
ing mine reels were compared for any one
fixation point, 1t was found that the possible
errors involved were within the acceptable
limits of accuracy for the intended purpose
of this study

Working independently, each analyst
compared each photographic frame with the
fixation point prints and made a judgment of
1ts location An attempt at absolute analysis
was made, for example, the analysts wrote
'26° Left, 13° Up" rather than merely 1nd1-
cating a range of angles There were
various categories into which photographic
frames mmght fall For example

a Correct Independent readings by two
analysts were 1n reasonable agreement

b Blink The pilot clearly clesed his
eyes for a few photographic frames

¢. Blur The filln was rendered unusable
due to vibration in the aircraft or movement
of a pilot's eyes

d Eyes Not Visible Only the top of the
pilot's head, or his chin, or hand i1n front of
his face was wvisible, and there was not suf-
ficient evidence for making any estimate of
the position of the eyes

e Approximations When a pilot's eyes
were not visible but the position of his head
clearly indicated the direction of his gaze,
each analyst made the best estimate he could
and marked 1t as approximate However, a

TABLE 1

GROUPS OF PILOTS PARTICIPATING IN VARIQUS PHASES OF FLIGHT

Type of Airhine Pilot

Engineering Test Pilot
Flight Supervisor Pilot
Instructor Pilot
Trainee Pilot

Trainee Pilot

Trawnee Pilot

Trainee Pilot

Trainee Pilot

Trainee Pilot
Scheduled Pilot
Scheduled Pilot

Phases of Flight

Take-off and landing
Take-oiff and landing
Take-off and landing
Take=-oif and climb
Descent and landing
Take-off and climb
Descent and landing
Take-off and landing
Take-off and landing
Normal flight and landing
Take-off, climb, descent, and landing



photographic frame rmight be appromimated
in one direction but read exactly i1n the other

After both analysts had completed
viewing a film, their duplicate readings were
compared. Those photographic frames on
which the analysts agreed to within 10° 1n
the horizontal dimension and to within 5% in
the vertical dimension were marked correct
Those photographic frames on which they
did not apree within these limits were marked
incorrect 1n the dimension in which they
disagreed Approximations were not com-
pared, however, spot checks were made on
the approximations, and their agreement was
almost as good as readings on the photo-
graphic frames that were read accurately

After the comparison had been made,
photographic frames marked 1ncorrect were
reread independently by both analysts., The
second readings were accepted as correct,
regardless of their agreement or lack of 1t
It mmaght have been desirable to require
100 per cent agreement for the rereadings
This was actually tried, but it appeared, on
careful consideration, to be better to have
two careful rereadings without forced agree-
ment Honest disagreement continued to
pcocur 1n some cases, and, 1f 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 entire analysis the two analysts
worked independently They sat i1n the same
room but worked at different rates and
were seldom reading the same photographic
frame at the same time. They did not at any
time discuss with each other their judgments
of any photographic frame, and in rereading
they continued to work independently What-
ever agreement emsts beiween their read-
ings exists therefore because they were able
to read accurately enough to agree within
the established limits, in spite of difficulties,
rather than because discussion and consulta-
tion enabled them to reach a joint decision

Table III 15 a numerical rédsumé of the
photographic eye-movement data For each
pilot 1t lasts the number of frames obtained
on the original films, the number of frames
read (duplicate readirgs by two analysts
using two copies of each film), the number of
frames that were unusable because of blinks,
blurs, and other defects, the number of
frames that could be used to obtain a fair
approximation, and the number of frames that
were reread because of disagreement between
the two analysts

Table IIl also shows the percentage of
photographic frames actually read, the per-
centage unreadable (such as blinks), and the
percentage of those which were approxima-

h ]

tions or had to be reread If a photographic
frame reading were approximated in either
dimension or the reading were 1n disagree=-
ment 1n eitther dimension, 1t was tabulated
as if the approximation or disagreementwere
1in both dimensions If a photographic frame
reading weTe an approximation in one dimen-
sion and in agreement in the other, 1t was
tabulated as an approximation

The procedure used in tabulating re-
sults was as follows

1. The filmms were divided into phases of
flight. Originally, it had been planned that
these phases should be indicated in the film
by a series of coded light signals In most
of the reels, these light signals were used
exactly as planned, 1n others, however,
technical difficulties prevented their use.
The division of the films 1nto phases was
done by careful individual analysis based on
such information as the head and eye posi-
tion of the pilot, whatever light signals were
available, lip reading such as, "Wheels Up'" ,
vibration of the airplane on touchdown,
pilots' expressions (almost all showed a re-
laxation 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 indication of the airplane's
attitude The phases of flight into which the
film was finally divaded and the critemna
which defined those phases are listed 1n
Table IV

2 Tabulation sheets were prepared for
analyzing the data These were in the form
of a grid sirmlar to that used for mounting
the fixation photographs The grid lines
represent 10° horizontal increments and
5° wertical increments This divided the
sheet 1nte rectangles

3 For each phase, and with all pilots
included, the total nurnber of frames that
showed the pilots looking through a parti-
cular rectangle were noted 1n that rectangle
on the tabulation sheets These included
approximations and rereadings See Tables
III and IV, Blinks, blurs, and other defects
were not included, Frames showing the
pilots looking at instruments were not
Iisted

4 Percentages for the numerical data
were then transferred to an identical set of
grid tabulation sheets They were obtained
for each phase by dividing the number of
frames listed 1n any one rectangle by the
total number of frames hsted on that grid
sheet,

5. Omne of the grid tabulation sheets was
then used to cormbine the eye movernents of
all pilots and all phases on one sheet In
each rectangle were listed all the frames



Pilot No of
Identification | Frames

Obtained | Analyst Frames

1 4000
2 3235
3 3561
4 1530
5 1250
6 3300
7 1982
8 2900
9 2330
10 3780
11 1653
TOTALS 29521

TABLE III

NUMERICAL RESUME OF EYE-MOVEMENT DATA

Duplicate Readings Using Two Copies of Each Film

C
L
C
L
cC
L
c
L
C
L
C
L
C
L
c
L
C
L
C
L
C
L
@
L

*Per Cent of Frammes Obtained

#*Per Cent of Frames Read

Read

2488
2366

2958
2953

3208
3203

1381
1416

1136
1159

2621
2661

1816
1863

2770
2668

2032
2057

3513
3497

1066
969

24989
24812

Blinks,
and Other
Defects

1512
1634

277
282

353
358

149
114

114
91

679
639

166
119

130
232

298
273

267
283

587
684

4532
4709

Approx-~
imations

1534
992

671
682

755
603

723
324

803
279

1115
721

19138
881

931
1222

1812
2873

747
357

11209
8934

Frames
Reread

1088
1088

470
470

620
620

203
203

122
122

1118
1118

366
366

72
72

264
264

261
261

78
78

4662
4662

Per Cent Per Cent

Read* Blinks,
and
Defects#

62 2 378
59 2 40 8
91 4 86
913 87
901 99
89 9 10,1
Q0 3 97
925 75
90 1 99
92 7 T3
79 4 20 6
80 6 19 4
91 6 84
94 0 60
95 5 4.5
92.0 g0
B7 2 12

88 3 117
92.9 71
92 5 75
64 5 3556
B8 6 4] 4
B4 6 15 4
84 1 15 9

Per Cent
Approx-
1mations*®*

21

54
42

63
28

30
10

61
38

69
33

45
59

51
82

70
36

44
36

o =1 oo~ oo

N

o~

[ RN o]

Per Cent
Re-
read*¥

Note € and L i1dentify the two film analysts
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TABLE 1V

PHASES OF FLIGHT AND THE CRITERIA USED

Phase Criteria No. of No. of
Frames Pilots
1 Tax1 Beginning of film to 120 photographic
frames before one flash 1141 5
A Pre-Take-0Off 120 photographic frames
before one flash to one flash 987 6
3 Take~Off One flash to two flashes 3080 8
4 Post Take-0Off Two flashes to 40 photographic
{Climb) frames before four flashes 5692 8
5L Left Turn 40 photographic frames before four
flashes to 120 photographic frames
after four flashes 335 2
5R Right Turn 40 photographic frames before four
flashes to 120 photographic frames
after four flashes 1217 5
6 Climb 120 photographic frames after four
flashes to blank i1n film which indicated
that the camera had been turned off 4513 8
7 Descent Blank 1in film to six flashes 7342 9
8 Final Approach Six flashes to seven flashes 4101 9
9 Landing Roll Seven flashes to 200 photographic
frames after seven flashes 2996 9
10 Tax1 200 photographic frames after
seven flashes to end of film 4143 5
ALIL
PHASES TOTAL 35817# 1 1%k

*Photographic frames that showed glances at instruments were read but were not included 1in
phase analyses or in the totals listed 1n this table.

*#A taotal of eleven pilots were i1ncluded

that showed pilots
rectangle.

looking through that

PRESENTATION OF DATA

The percentage tabulations discussed
in the foregoing Paragraph 4 concermng
tabulating procedures are presentedin Figs 7
to 17, inclusive The numerical totals dis~-
cussed 1n Paragraph 5 are presented in
Fig 18

Each of the Figs. 7 to 18 includes two

curves One of these (using dashed hne) 1=
volves eye movements 1n a harizontal direc-
tion, while the other (using solid line) covers
eve mmovements 1n a vertical direction To-

gether, they show the relative usage of
various portions of the windshields and
windows The height of the horizontal

eye-movement curve for each 10° 1in-
crement of horizontal arc 1s the sum of the
numbers 1n that vertical column In a sim-
lar manner, the heights of the vertical sye-
movement curve are the sums of the numbers
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in the horizontal coclumns for each 5° of ver=-
tical arc The grid lines provide plotting
scales

The zero position shown 1n Figs. 7 to
19 15 the point on the aircraft directly ahead
of the pilot and coincident with the horizon
when the airplane 1is in tax attitude Ths
statement does not hold true for Fig 20, 1n
which the zero position 1s stiraight ahead of
the pilot and on the horizonwhen the airplane
1s 1n cruise attitude on a level flight path

The curves superimposed over the
numbers are intended to show the general
characteristics of the data Both graphical
and numerical data on each phase are shown
so that evaluation can be made and a better
understanding obtained of the interrelation-
ship among upward, downward, left, and right
visionangles Although 1t 15 of someinterest
to know the exact values, it i1s believed that
if only one pilot makes just one glance to
search for wvisual gmdance while flying an
airplane, the importance of that glance must
be considered

DISCUSSION OF DATA

Phase 1 — Tax1 Before Take-Qff

A total of 1,411 photographic frames
were analyzed for Phase 1 Five pilots re-
Presenting all groups were included Fig 7
shows the percentage of use that these pilots
made of various portions of the windshelds
and windows during the taxi phase of flight
from the beginming of the tax1 to engine check
{called run-up} While taxiing, the nose of the
airplane 1s pointed 2° above the horizontal
This attitude 1s called nose up An attemnpt
was made to rermove all visual references to
the aircraft instruments, however, because
of the type of analysis that was required, an
accuracy greater than 5° i1n the upward and
downward directions and 10° to the left and
right was not possible. Therefore, some
small influence of instrument reading may
be seen near the border of the instrument
panel

The solid curve with vertical base,
shown on the right side of Fig 7, indicates
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Fig B Phase 2 — Windshield Usage Durm? Pre-Take-0ff From Run-Up to Full Throttle

(6 Pilots, 987 Photographic Frames

the vertical scanning by the pilots The
greatest percentage of photographic frames
of glances made outside the airplane falls in
the sector from 0 to 5° above the horizon,
the next highest beingin the sector from 5 to
10° above 1t Very little vision was desited
above 15° The curve also shows a strong
tendency for the pilots to use as much as
20® downward wvision, and 1t 1s relatively
strong down to 35° below the horizon,

The dashed curve shown in Fig, 7 rep-
resents the percentage of photographic
frames used for horizontal scanming Ths
curve shows no strongtendency for the pilots
to use any specific sector but shows a general
use of the windshield at angles ranging from
125° left to 90° right The highest peak
occurs 1n the sector 60 to 70° to the right
which 1s located in the first window to the
right of the co-pilot It may be sigmficant
that this 15 the first clear window that 1s
available to the pilot in seeking right-hand
vision By checling the nurmnerical data shown
in Fig., 7, 1t can be seen that 6.58 per cent
of scanming of the photographic frames occurs

on the horizon or shghtly above 1t and 65° to
the right. This 15 a very high percentage for
this phase However,1n checking the indivad-~
ual pilot data 1t was found that this peak
was caused by one pilot who may possibly
have been observing a particular airplane 1in
that direction The very peneral distribution
of the percentages over the entire lower
windshield area indicates that all the vision
this airplane affords was used during the
taxiing maneuver

Phase 2 — Pre-Take-0Off

Phase 2 starts the instant after run-up
and continues until the throttle 15 opened for
take-off 5Si1x pilots, in a total of 987 photo-
graphic frames, were used in this phase.
All groups of pilots were included In every
case, 1mmediately after run-up, the airplane
made a right turn onto the runway for take~
off The tawx1 attitude of the aircraft was
2" nose up

The solid curve representing the up-
ward and downward vision shows the peak of
usapge shghtly above the horizon with
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Fig 9 Phase 3 —Windshield Usage During Take-0Off, Full

3080 Photographic Frames)

extensive usage just below the horizon The
curve also shows fairly general usage of the
windshield, with a munor peak occurring ap-
preximately 25°®* above the horizon and ex-
tensive usage down to approximately 25° be-
low the horizon.

The dashed curve 1n Fi1g 8 shows that
the highest percentage in number of photo-
graphic frames occurs between 0 and 10° to
the right. It 1s believed that this 15 the area
where the pilots were loocking when limang up
the airplane with the runway, prior ic open-
ing the throttle. A minor peak 15 located
between 50 and 70° to the left This peak
was caused by pilots' glances to the left to
see that the area was clear for landing air-
craft. Another peak exists between 40 and
50° to the right This peak was probably
caused by glances to see that the runway was
clear before taxiing onto the runway for
take-off [t 1s interesting to note the use of
the windshield i1n the 40 to B80° left sector,
This was due to the pilots' attempts to make
certain that there were no approaching air-
planes prior to taxiing 1into take-off position.

-] 10 20 30 40 30 & T0 & 9 W w

CAA TECHRCAL GLVELOWMTNT
AT EVALUETION CENTER
TMDIAN, 5 IMHANL

Throttle to Airborne {8 Pilots,

The dashed curve of Fig 8 shows that
during pre-take-off there 1s appreciable use
of the windshield from 120° left to 70° right.

Phase 3 — Take-0Off

Phase 3 of flight starts the instant the
throttle 15 opened for take-off and ends the
instant the airplane leaves the ground The
attitude of the aircraft during the fairst 40 per
cent of the time after the throttle 15 opened
varies from 2" nose up to 1° nose down
During the final 60 per cent of the take-off
run, the aircraft attitude 1s 1° nose down
All eight pilots are represented for a total
of 3,080 photographic frames

The solid curve shown in Fig 9 indi-
cates a major peak of usage from 0 to 5°
above the horizon This indicates that there
158 strong similarity among pilots during the
take-off phase The curve also shows ex-
tensive use in the 0 to 15° downward region,
indicating that the pilots often look down 1in
the area immediately 1n front of the airplane
while taking off It 1s probable that the peak
located 30° below the horizon 1s partially due
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Fig, 10 Phase 4 — Windshield Usage During Post Take-Off, From Airborne to 400-Foot
Altitude (8 Pilots, 5692 Photographic Frames)

to 1nstrument readings

The dashed curve shows a peak of
usage 1n the 0 to 10° right sector and again
indicates a common tendency among pilots
It 1s apparent that during take-off the pilot
1s seeking vision directly ahead and is not
locking to one side or the other for more
than a total of 30° The peak located 20 to
30° {o the left was caused by one pilot, and
the reason he used this area so frequently 1s
not known

Phase 4 — Post Take-Off

Phase 4 begins the instant the wheels
are off the ground and ends when the air-
plane reaches an altitude of 400 feet
Immediately after the wheels leave the
ground, the airplane attains an attitude of
7 ta 10° above the horizon and stays in that
atfitude 30 per cent of the post take-off time,
After a steep climb, the airplane 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 pilots from all groups
in 5,692 photographic frames.

The solid curve 1s spread throughout
a range from 15° above the horizon to 35™
below 1t, with major peaks occurring 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 maximum The
other two peaks 1n the vertical range are
probably due to séme i1nfluence of instrument
reading However, downward vision appears
to be of considerable 1mportance 1n the post
take-off phase It 15 believed that some of
the emphasis on downward vision was due to
the pilots searching downward and to the
right or left prior to entering turns following
the post take-off phase.

The dashed curve, representing hor-
zontal vision, shows a peak between 0 and
10° to the right This peak 15 quite broad
covering a range from approximately 40°
left to 40° right

Phase 5L — Left Turn

In Phase 5L, the pilots' eyes were re-
corded during a low altitude left turn. In
this maneuver the airplane attains a bank of
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Fig 11 Phase 5. —Windshield Usage D uring Left Turn (2 Pilots, 335 Photographic Frames)

25° for 75 to 80 per cent of the phase fime,
and the bank 1s held constant. The remaining
20 per cent of time 15 used i1n going 1nto and
out of the bank A total of 335 photographic
frames recording the directions of glances of
two pilots were used for the analysis.

The solid curve in Fig 1l contains
two peaks The major peak occurs between
15 and 20° above the horizontal reference
line The second peak occcurs in the sector
from 5 to 10* above The rise in the curve
at the sector 20 to 25" below the reference
line can be attributed to instrument readings

The dashed curve shows that consider-
able wvision to the left i1s needed for this
maneuver, The major peak occurs i1n the left
80 to 90° sector, with other peaks occurring
1n the left 60 to 70° sector and the left 30 to
40*® sector, Again 1t 15 felt that the peak in
the 0 io 10° left sector 1s exaggerated by
glances at the instruments, although there
1s also a high percentage i1n the portion 15 to
20°® above the reference hne

Phase 5R — Right Turn.

Phase 5R concerns low altitude right
turns The total photographic frames repre-
sented are 1,217 Five pilots are involved
The percentage of the total phase tirme held
constant at 25" bank 15 75 to 80 per cent
The remaining 20 per cent of the time 1s
used 1in going 1hto and out of the bank Most
of the turns were made below 300 feet and
at a rather steep angle to prevent entering
instrument conditions

The solid curve shown in Fig 12 shows
a peak 5 to 10° above the reference pointand
shows extensive use 1n the 0 to 5° rTegion
above 1t Downward visibility, from the 0 to
15° region below the reference point, 15 also
indicated as being used often The peak that
1s located 25° below the point indicates that
the pilots made frequent use of the window to
the right and below the co-pilot's positionin
completing this maneuver,

The dashed curve shows a broad pezk
at 20° to the right The smaller peak at 60"
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Fig 12 Phase 5R —-Windshield Usage During Right Turn (5 Pilots, 1217 Photographic Frames)

to the right substantiates the fact that the
pilots use a window to the right and below the
co-pilot

It 1s 1ndicated that a region bounded by
25" above and 35° below and by 20® left and
90° right of the reference point was used
extensively

Phase 6 — Climb

Phase 6 covers the time of flight from
the 1nstant the turn 1s completed until the
aircraft 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 major peak of the solid curve
shown in Fi1g 13 occurs from 0 to 10* above
the reference line, and a small one occurs at
45° above 1t By leaning forward 1t 1s possi-
ble for a pilot to realhize these upward angles
of vision, even though the photograph of the
windshield {Fig 4) indicates that the cock-
pit 18 cut off at a somewhat smaller angle,
Another minor peak was observed to fall
15® below the horizon with fairly high inter~

mediate values between this peak and the
major one The peak located 25° below the
homzonis considered to be influenced some-
what by instrument readings.

The dashed curve has a very broad
peak 10° to the right and indicates a general
spread from 15° left to 35° right of the ref-
erence point The peak in the dashed curve
located 60° to the rmight indicates that the
pilots make considerable use of the window
just to the right of the co-pilot The dashed
curve 1indicates that the windshield area
used extends from 60° left to 100° right

Phase 7 — Descent

Percentages of total photographic
frames are shown in Fig 14 for mine pilots
This phase includes a total of 7,342 photo-
graphic frames with all groups of pilots in=
cluded, Phase 7 of flight coincided with the
descent of the airplane from 1,000 feet to
200 feet altitude, preparatory to landing

During the first 75 per cent of the
descent phase, the attitude of the airplane 1s
relatively constant at 3 to0 4° nose down, In
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Fig. 13 Phase 6 —Windshield Usage Durin

the final stages at 200-foot altitude, or 25 per
cent of the phase time, the attitude drops
sharply to 6 or B®° below the horizon There
15 a decided and sudden increase in down-
ward attitude 1nm the final stages of this
phase

The solid curve shows a major peak
between 0 and 5° above the reference line
The peak shown at 15° below the line was
caused by the pilots' glences as far down as
the airplane would permmit in the area from
0 to 30° to the right There may be some
slight influence of instruments causing this
The r-latively broad peak located 30° below
the airplane reference line 1s a strong indi-
cation that the pilots used all the downward
visibility available in this particular airplane,

The dashed curve shows at 5“ to the
right a peak which i1s very broad at the base
and which extends from 35° right to 25° left.
This 1ndicates that there was a considerable
difference among pilots i1n the wvisual cues
used while descending It 15 beheved, how~
ever, that this indicates a critical need for
appreciable wvisibility 1n this area during

lDEGREES) AL AL DEYELOPMENT
AND EVALUATION CENTER
HOANAROLYS IHDISNA

Climb, After Turn to 1,000-Foot Altitude
(8 Pilots, 4513 Photographic Frarnes%

descent Since the wisibility requirTernents
apparently vary from one pilot to another
and since it 1s very difficult to change the
visual habits of a pilot, 1t 1s necessary to
provide sufficient vision angles to satisfy all
plots The peak located 35° to the left was
caused by two pilots who had often flown
this airoplane.

Phase 8 — Final Approach,

Phase 8 starts when the airplane is
200 feet above the ground on the final approach
and ends the instant the wheels touch the
ground The percentages of 4,101 photo-
graphic frames for mne pilots are shownin
Fig 15 All types of pilots are included
The attitude of the airplane during 75 per
cent of the final approachi1s 8° nose down
This downward attitude 1s continuous from
the previous phase The remaiming 25 per
cent of the phase time 15 spent at an airplane
attitude of 1 to 8° nose down and in leveling
off to a touchdown attitude

The peaks are wvery high and very
narrow, indicating that there was little



17

HORIZONTAL SCANNING

-

(PER CENT OF PHOTOGRAPHIC FRAMES)

T % “ L~} 4 97 a4 8 M a8 az »m M 3% W 2T (L] [ 3] | ] 1] bt | ] L ] 3 -]
W"W
©w 1 —‘.‘_ “ E
38 0 ; T SUMMATION OF “ =
P VERTICAL REFERENCE YL HORIZONTAL COLUMNS “w £
- STRAIGHT AHEAD OF PILOT| 05 EACH 5 DEGREES w
4 . 87
] ] o N e
_ INSTRUMENT

) te T
i NIEREZ LOCATION N o

35 [1]
g N 04 AREA 08 2

a
e 20 Ql 03 [ 0l 5
= 0 03 12 |03 ® I

= po|— AIRPLANE HORIZONTAL 12108 az
o REFERENCE LINE, o8|ar | 18|34 126 (22|52 {16 |1 |03 -
[T 3 ©

07|15 |12 (103|238 s o3 | 07 | gag-io

uw 10 f = + = » kB
] 03 N\, 03| 03|85 [178|s05(392/389 35420077 08 | 38 E+

L] 33
w o4 3 ot |27 | 61| 22|56 |43afmsTeTI][4 02 61 |48 | 26|16 |25 03 ©
0 - - ¥ a
g 05 12 oa| 16 |[135] s0] 57 [211|ea]s82|154| v05]'s9+33.L18_] 08 o1 -
a 5 t frm— =

o5 63 |27 [ 15 [102|/o2[¢8 [3a[52 26} al i

o 24
2 3|01 |o7|a7] a1 P3re| 159133 04|03 |03 <] 2z
T g 2 2
= 04| 594 07 | o3 z
20 + [T ¢
b iz 187 R 8 | 1e | o8 |0l / ©
> 28 —F \ 5 9
f 5| 19| 1 |83 154 % 12 [20 |07 |12 |04 4 .
0 SUMMATION OF ] 4 X 2 3
VERTICAL COLUMNS '8 I LS d i 2
- ” s @
EACH (0 DEGREES . | / INSTRUMENT =
a0 P LOCATION ¥ s L]
- A aREA 1% y

PR el I 63 1: i A S S et S R
1a 3 -L o
120 1o e 90 [ [n] T0 &0 30 40 A0 20 [+ [+] ([} 20 30 40 50 &0 TO 14 .-} oo  ho
HORIZONTAL ANGLE OF SIGHT (DEGREES)

Fig 14 Phase 7 ~Windshield Usage

During Descent From 1,000-

(9 Pilots, 7342 Photographic Frames)

disagreement among pilots and very little
shift 1n vision froma center point of 5° above
the horizontal reference and 5° to the right
of the vertical reference This exemplifies
the fact that very little of the windshield 1s
actually used during the final approach It
15 believed that the small peak occurring 1n
the solid curve, 15° down, may have been in-
fluenced by the pilots' reading aircraft
instruments

Phase 9 — Landing Roll

Phase 9 begins the instant the wheels
touch the runway and ends when the airplane
has stopped rolling after touchdown The
percentages of photographic {rames are
shown in Fig 16 Included in this figure are
mne pilots of all groups and a total of 2,996
photographic frames  The attitude of the
airplane 15 2° nose up

The peaks of the curves apain are very
high, however, there 15 some spreading 1n
the horizontal direction, indicating that there
1s a shift of vision from tight to left during
landing roll

CAA TECHWICAL DEVELOPRERT
AMD EV LUATMN CINTER

INOLANEROLIS (DL

tc 200-Foot Alfitude

Phase 10 — Tax1 After Landing

The windshield usage of five pilots
from a total of 4,143 photographic frames 1s
shown in Fig. 17 All groups of pilots are
included 1n Phase 10 The attitude during
tax1 phase 1s 2° nose up

The solid curve has a relatively high
peak and falls in the 0 to 5° sector above the
horizontal reference Ihine Extensive use 1s
shown below the reference lhine, indicating
that much downward wvision 15 used A low,
flat peak occurring 25 to 30° below the refer-
ence line i1ndicates that this 1s an 1mportiant
visual area during a certain phase of taxiing,

The dashed curve has a peak 5° to the
right of the vertical reference line and shows
considerable use from 60° left to 70° right
The peak cccurring 55° to the rightcowncides
with the small window located below and to
the right of the co-pilot

All Phases

Shown i1n Fig 18 are the 35,817 photo-
graphic frames for all phases of flight and
for all pilots This 1s the total of both
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Fig 15 Phase B — Windshield Usage During Final Approach, 200-Foot Altitude to Touchdown
{9 Pilots, 4101 Photographic Frames)

analysts The actual numbers of photographic
frames are shown so that the use made of
the wvaricus extrernities of the windshield
area can be evaluated exactly The highest
peak of the solid curve falls 1n the 0 to
5° sector above the reference lime Another
peak occurs 15° down and still another
25" down  These last two peaks were 1n=-
fluenced considerably by taxiing and turns
but only slightly by instrument reading

The maximum value of the dashed curve
1s lower than the maximum value of the
solid curve, indicating that a pilot moves his
head from side to side more frequently than
up and down and seeks more visibility in the
horizontal direction than in the wvertical
direction The small peak in the dashed
curve, occurring 55° to the right, indicates
the use of the small window below and to the
right of the co-pilot 1n this airplane

GENERAIL DISCUSSION

Fig 19 shows the photographic frames
for all pilots during all phases Superimposed

on this figure, the long dashed curve is the
outline of the cockpit visibility angles af-
forded by the Boewng 377 Stratocruiser air-
plane The solid curve,also shown inlIig 19
represents the outline of vision angles that
were considered excellent by airline pilots
in the study made by the use of question-
naires, while the short dashed curve re-
presents the outline of wvision angles that
were considered manimum but adequate, by
airline pilots

It 15 shown 1n Fig 19 that many of the
photographic frames fall outside the wind-
shield area of the Model 377 airplane or on
structural members 1n the windshield Nor-
mal reading inaccuracies and the fact that a
pilot's eyes must pass over areas which are
not windshield account for some of these
The pilots frequently leaned forward and
to either side for the purpose of increasing

3P1gman and Edwards, op <1t
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Fig 16 Phase 9 — Windshield Usage During Landing, Touchdown to End of Roll (9 Pilets,

2996 Photographic Frames)

their field of view This was especially true
when seeking visual guidance 70° te the right,
to the extreme left, straight ahead, or down
over the nose

Pilots flying the Model 377 airplane
frequently moved their heads forward and
downward to obtain wvisual guidance 1in the
area that 1s obstructed by the heavyhorizon-
tal structural member 1n the 15 to 20° up~-
ward wvision area This wide horizontal
member has a tendency to restrict the pilot's
vision to the lower windshield Fig 19
shows that the flights included 1n this study
involved very little use of the windshield area
above this structural member However,
relative collision causes that make vision in
this sector important can exist Fipgs. 13
and 14 indicate use of this area for clhimb
and descent.

Ninety per cent of all photographic
frames fall 1nside the windshield arTea
bounded by the solid Iine 1n F1g 19 This 1s
the area that the airline pilots considered
excellent This percentage would beincreased
1f 1t were possible to separate the external

vision from the i1nstrument fixations which
occur 1n the 0 to 30° left and 15 to 30° down-
ward area The 1instrurment panel actually
extends 5° to the left of the vertical reference
lIine The photographic frames that include
observations made during the climb and
descent phases appear 1n the area 7° right and
35° down [t 1s felt that some of theseinclude
cbservations made on objects that were in-
side the airplane, such as engine and pro-
peller controls

Seventy-nine per cent of the total
number of photographic frames fall inside
the windshield area that was selected by air-
Iine pilots as mimmum, but adequate

The particular type of aircraft used 1n
the tests has a very spacious cockpit and
was convenlent for conducting the tests In
desigmng a cockmt of this width, however, 1t
15 difficult to obtain satisfactory visibility
angles to the extreme left and tight The
windshield area shown outlined by a long
dashed curve in Fig 19 1s in an airplane
having a cockpit width of approximately
100 1inches at the pilot's eye level, and the
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Fig 17 Phase 10 — Windshield Usage During Taxi1 After Landing (5 Pilots, 4143 Photographic

Frames)

windshield area that 1s shown solid 15 ina
hypothetical airplane having a cockpit width
of approximately 72 inches at the pilot's eye
level In general, 1t can be said that it 1s
possible to locate the pilot's eyes closer to
the windshield with a narrower cockpit than
with a wider one The closer a pilot's eyes
are to the windshield, the more wvisibility he
can obtain by a slight head movement It 1s
possible, however, to locate the pilot's eyes
too close to the windshield. This will cause
them to become excessively tited, because
the windshield heat dries out the eye fluad
A honizontal distance of 20 inches from the
pilot's eyes to the windshield 1s considered
acceptable Precipitation apggravates the
visibility problem when the windshields are
located at a greater distance

Observations made by the authors
indicate that while searching the skies for
other aircraft, there 1s a basic psychological
urge for a pilot to improve his vision byhead
and shoulder movement Iti1s believed that
this would be true regardless of the amount
of visibility 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 ome per
cent of the total time photographed Since
there were few photographic frames for those
directions, 1t 15 evident that the pilot required
only a fraction of a second to i1nvestigate
them It would be an unusual situation when
a pilot would fly with has eyes turned 120° to
the left for a long period of time A quck
glance 1s all that most pilots have time for,
but one glance makes the difference between
knowing or not knowing whether there 1is
another airplane in that vicimty The actual
magnitude of the percentage 1s not in itself
crucial That such observations occur at all
in these positions 1s i1mportant The areas
on the windshield that show high percentages
of usage are generally the areas through
which the pilot 1s obtaiming visual cues nec-
essary to operate his aircraft and not the
areas of the windshield which are used to
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Fig 18 Windshield Usage for All Pilots and All Phases of Flight (35,799 Photographic

Frames)

search the air space for other aircraft

2. The windshield area used by the pilots
during the pilot eye-movement study substan=-
tiates, to a censiderable extent, the con-
clusions drawn from the airline pilot ques-
tionnaire study Fig 19 shows that 79 per
cent of the fixations made during the study
fall within the "mimimum, but adequate’ area
evaluated by airline pilots Ninety per cent
of the fixations fall within the "excellent"
vision area, as evaluated by airlhine pilois
This difference 1s sigmficant enough to
substantiate a recommendation of adopting
the "excellent" wvision area rather than the
"mimimum, but adequate' area as a basis of
pilot cockpit visibility needs An example of
such vision Iimits 1s shown in Fig 20

3 By referring to Fig 19 it can be seen
that many observations fall outside the
Beoewng 377 airplane windshield area Some

of the reasons for this are
a There were some normal reading
1Naccuracles
b At some moments a pilot's eyes
must pass over some areas which are not
windshield

¢ The airplane did not always provide
sufficient angular wvision in the areas
needed
d The pilot moved his head and
shoulders to immprove his field of view
e Working under difficult circum-
stances caused mMinor errors in some of
the data There 15 a possibility that the
subjects may have had a tendencyto over-
emphasize visibility problems, and theie~
by theymay have created a false1ndication
for certain vision angles  This may be
true during @ few phases of flight In ob-
serving the film, 1t was apparent that
very little of this actually occurred, and
1t 1s believed that tlus condition had very
little, 1f any, effect on the Tesults
4 The results show that transport pilots
attemnpt to search for other airplanes but
may be prevented from seeing them by the
structure of the airplane
5 There are well-defined characteristic
differences between phases  These ditter-
ences conform to what mught logically be
deduced concerning the necessity of angular
vision 1n the various phases of flight
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