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FOREWORD

This i3 the third of a series of reports describing the
results of a nuber of related investipgations conducted under
Expenditure Orders 6928 and 694~31 by the Psychology Branch,
Aero Medical lLabaratory, Engineering Division, Air Materiel
Command, The purpose of these investigations is to provide
basic data regarding pilots?! eye movements during instrument
flight, Such background research provides the answers to many
questions encountered in desipgning aircraft instruments and
instrument panels on which a large number of instruments must
be arranged in the most effective way,

Capt. Jones and Lt, Milton were responsible for all
flight work, and supervised the film reading and analysis of
the data, Sgt. Morris was the photographer on all flights,
edited the film and prepared the reference slides, Dr, Fitts
assisted in planning the study and advised on various details
of experimental procedures and data analysis,

The authors wish to express their appreciation to a
number of Individuals for valuable assistance in conducting
the project: to the Special Photographic Services Branch
which did the photographic work; to the personnel of the United
States Air Force Instrument Pilot School, Barksdale Air Force
Base, the A1l Weather Flying Division, Clinton Coynty Air Force
Base, and the Wright-Pattersen Air Force Base Instrument School,
who volunteered as subjects; and to Mr, P. J, Kirchmer who
prepared the illustrations, Special acknowledgment is due to
Mr, Charles Simon and a number of students from Antioch College
who assisted in reading the film records and in analyzing the
data,
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ABSTRAGCT

This report is the third in a series dealing with the
measurement of eye movemants of pllots during instrument flight.
The frequency, duration, and sequence of eye fixations made by
forty USAF pilots when flying GCA approaches are summarized,
Fixationg on the primary instruments vary from 37 per minute
on the directional gyro to 3 per minute om the turn and bank
indicator. Over three-fourths of all fixations are made on three
instruments—the directional gyro, the gyro horizon and the
airspeed indicator, The length of fixations vary from an average
of 0,90 segcond on the dirsctional gyro to 0.36 second on the
turn and bank indicator, Approximately one-half of the pilots?t
time 1s spent observing the directional gyro and an additional
four~tenths of theirtime is spent observing the gyro horilzon
and airspeed indicator, Among these pilots, flying experience
did not have any significant relation to rate of eye fixation.
Eye Movement Link Values between all instruments are presented,
From these data an optimum arrangement of instruments on the
panel can be determined, Since this arrangement varies for
different maneuvers, recommendations on this point are withheld
pending the completion of similar analyses for other maneuvers,
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I. PURPOSE OF THE STUDY

The present report covers part of the data obtained during a seriles
of investigations of how pilots use thelr eyes during instrument flight,
These studies were conducted to determine the answers to such guestions
as the following: How much of the instrument panel do pllots observe
Yat a glance"? How often is each instrument checked during particular
maneuvers? How much time is required to check each instrument? What
percentage of the total time avallable Is spent in seeking information
from each of the different instruments? How are the frequency and duration
of eye fixations inflvenced by factors such as pillot experience, instrurent
arrangement, instrument lighting, and the particular maneuver being
flomn at the time?

The results for GCA approaches are summarized in the present report.
Data on eye movement during TLAS approaches, during maneuvers flown at
altltudes, during contact landings and take~offs and durding night flighis
are presented in other reports in this series.

ITI. PROCEDURES FOLLOWED IN OBTAINING EYE FIXATION
RECORDS DURING GCA APPROACHES

The procedures followed in the present study are described in detail
in USAF Air Materiel Command Technical Report No. 5837. The deseription
covers recording techniques, film analysis procedures, the various maneuvers
flown, and the reliability of the resulting data. Briefly, these
procedures were as followss

Phot, hic Recor o A thirty~five millimeter camera was installed
in a alre so that the face and eyes of the pllot could be photo-
graphed as they were reflected in a rectangular mirror attached to the
instrument panel at the center of the flight instrumenit group. Photographic
records were made at & frames per second during critical maneuvers, A
specizl blind flying hood was used to limit the pilot!s vision to the
instrument panel. A vliew of the recording camera and mirror is showmn in
Flmure 1,

Flight Procedures, Each of 40 USAF pilots made two approachc: for
& landing using standard GCA procedures under simulated instrument
conditions, The camera was started as the aircraft passed over a point
(OM) approximately L 1/2 milem from touch~down and a thirty-second sample
of eye fixations was obtalned., The camera was again started as the air-
craft passed over a point (MN) approximately 1 1/2 miles from touch~down
and a second thirty-second sample of eye fixations was obtaired, In
altitude and distance from touch~down, these two points correspond to
the location of the outer marker and middle marker beacons of the USAF
Instrument Low Approach System (ILAS).
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' Film Analysis. A1l film records collected in the present study were
" read Trame by frame, Standard reference photographs, taken at the

" beginning of each flight, with pilots looking directly at each instrument,
were made into slides and used as a reference by the film readers,

A detailed discussion of the reliability of the film analysis ‘
procedure is included in AF Technical Report No. 5837 (see reference 2), .-

iIl. DESCRIPTION OF SUBJECIS

It was decided to obtain eye-fixation data for a group of subjects
that was fairly typical of post-war USAF pilots, for example, men whose
experience level would range from moderate to expert. Some of the most
proficient pilots at the United Statea Alr Force Instrument Pilot School,
Barksdale Air Force Base; at Wright-Patterson Air Force Base Instrument
School; and at the All Weather Flying Division, Clinton County Air Force
Base, were included In the group. Less experienced subJects included
pllots attending the Instrument Schoul at Barksdale and pilots stationed
at Wright~Patterson. The L0 pilots who served as subjects ranged in age
from 23 to 37 years with an average of 28 years, Their ‘total flying time
varied from 700 to 5,000 hours, with an average of approximately 2,000
hours, Their instrument flying time (hood plus weather) varied from 65
to 500 hours, with an average of approximately 200 hours. The number of
practice and actual GCA approaches which they had made varied from 0 to
575, Seventeen of the pilots had made less than 25 GCA approaches, both
practice and actuzl. Of these 17, only 2 had no axperience with GCA.

The summary of flying experience for each pilot in the group is given in
Tavle I. Thirty-eight of these were the same pilots employed in the study
of IIAS approaches {see reference L).

IV. RESULTS

Meany and standard deviations (root mean square variatioms) for number
of eye fixations per minute and for length of fixation ¢ycle on each
instrument are sumarized in Tables II and TIT. (& fixation cycle is defined
as the time required to move the eyes to an instrument plus the time spent
In looking at that instrument,) The data are prosented ssparately for the
two periods of photographic recording (OM and 184) as well as for the two
approgches made by each subject,

Number of Fixations. During a GCA approach the tynical pilot in
thir group made an average of 93 fixations per minute, Of these, 33 were
on the directional gyro (heading indicator) s 21 were on the gyro horizon
(attitude indicator), and 18 were on the airspeed indicator. Thus,
approximabely 77 percent of all fixations were made on these three =
instruments. No other instrument was fixated more than 6 timses per minute,

i
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TABLE T

Sumnary of Biographical Information for the lj0 Pilots Who Served as Subjncts
in an Experiment to Measure Eye Movements “Then Flying GCA Approaches

Simlated Actual

‘ Total Hours . Instrupent GCK Approaches GCA Approaches.

lbject  Age Flying Time Flying Time Total Current  Total Current '
1 27 2500 : 500 300 25 75 5
2 30 2500 200 100 Jo o 10
3 23 1300 e Loo 150 - 15 30 5
L 31 2500 300 15 5 5 1
5 31 2100 300 18 13 0 0
6 28 3000 350 . 75 60 2 2
7 23 2200 : 215 100 15 2 0
& 246 2700 205 30 6 I 0
Q 37 5000 250 15 0 10 0
10 27 2800 300 100 25 5 0
11 33 1350 100 8 2 0 0
2 as 1600 120 15 - 5 o 0
13 26 1350 156 50 0 0 0
1 26 2100 700 sl 20 20 10
15 28 21,50 170 70 30 20 2
16 30 2200 225 50 5 10 1
17 33 1500 150 D 10 0 o
15 29 2300 300 0 o0 0 0
19 28 2150 - 100 L I 1 1
24 33 1500 ‘7O 32 32 10 10
21 26 1450 150 20 5 0 0
22 27 1200 €00 27 12 1 1.
23 29 1300 100 205 30 0 o
2l 2l 2300 o 0, 3n 25 5
25 . 27 900 70 6 0 0 0
26 25 2850 ' Loo 90 16 1, 2
27 29 1950 250 155 W2 10 5
22 7 900 - 100 6 3 0 o
9 26 2100 300 130 Lo 75 50
30 26 50 150 0 0 0 0
31 25 2650 300 10 10 0 0
32 28 1650 200 1 0 0 0
33 - 1900 200 20 12 3 0
3L 28 2100 200 25 15 0 0
35 26 1700 120 17 11 2 0
36 » 26 1800 100 12 12 0 0
37 28 2000 300 75 75 0 0
38 25 1500 9% 1 0 0 0
39 35 L300 200 5 0 0 0
Lo 28 700 65 4 10 0 0
Mean 28 2075 palil 5l 16 9 3
Median 28 1975 200 26 111/2 11/2 0

5
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TARLE II

Means and Standard Deviations of Number of Fixations per Minute
On Each Instrunent During GCA Approaches .

(N = Lo)
First A roag:? Soecond Approach Al Samples Combined
Oty L, ' Ul Wi
Airspeed
Yean 19011. 18.!.]. ‘ 17.2 18,0 18.2
S.Do 9.0 9.9 8.2 10|2 ! 8.0

Directional Gyro

Mean 32,2 32.8 33.5 3h.7 33.3

S.D. 8,2 10,1 T5 9.9 T+9
Gyro Horizon

Mean 21.3 20,8 20,9 19,5 20.6

S.D. 8.6 12,3 9.8 13.1 9.5

Altimeter

S.Ds ’-Lol ) 3.8 h.é 5.6 3014-
Turn - Bank

Mean 3.8 LI5S 3.0 3.0 342

SeD. 5¢5 5.8 La3 5e3 L7

Vertical Speed
Mean 7.1 5elt 6.y 642 642
S.D. 6e7 6.2 6.3 649 57
E_ng_ine Instrument Panel
Mean 3l 23 2.9 1.9 2.6
S.D, 342 2,9 , 3kt 2.5 243
Total Fixations, All Tnstrumer.s#¥
Mean %.1.1. 9102 9208 91.7 9340
S.D. 20,0 2l.3 16.9 27.5 18.7

* Includes those miscellanecus fixations (about l; percent of the
total) that could not be attributed to any of the primary
instruments.
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TABLYE TIT

Moans and Standard Deviations of Length of Fixations on Each’
Instrument During GCA Approaches #

First Approach Second Approach All Data Combined
T Wl LS e
Airsgged ‘ _
N 23 3 39 Lo 10
Yean . o5 N 5l 57
S.D. «26 18 16 «20 S
Directional Gyro
N Lo Lo L0 Lo L0
Mean .81 ’ 1.00 .85 1.01 090
S.D. 25 10 22 410 26
Gyro Horizon
N Lo 38 39 37 Lo
Mean 053 .51[. .60 -60 . .56
S oD- -18 .26 035 036 621
Altimet‘_gz
N 35 29 3l 29 Lo
Mean Ji0 38 39 37 $39
StDl .25 .:[.8 .12 .18 . .].J_
Turn - Bank
N 28 22 23 23 . 35
Mean . .LI.O .30 0].!.].!. 03!4- 036
SoDo oz]- 019 .ll 020 -16
Vertical Speed
N 27 25 27 27 35
Mean .50 J—L} : 011-7 J—!—; .I_L'f
S.De 16 +20 19 16 12
Engine Instrument Panel _
N 23 17 2 18 2],
Mean .97 .71 .% Q& .88
S.D. 61 23 110 32 31
Average, All Fixationg¥#t
N - Lo Lo Lo Lo Lo
Mean 065 071 067 Pyal .67
SaDs o1 ' 19 12 20 A

# The number of subjects varies because some pillots did not look at a particular
instrument during one of the sampling periods,

¥t Includes those miscellaneous f{ixations that could not be atiributed to any of
the primary instruments,
7
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Although the total number of fixations per minute during CCA
approaches is less then that discovered during ILAS approuches (sec reference
h?, the frequency of checkins each instrument is highor. This is possible
since there is one less instrument to check. The extra tire available
during a GCA approach (which results fron not having to checl: the cross-
pointer) seems to be fairly equitably distributed arong all the instrumenis.
Every instrument is checked at least one time per minute more, and no
instrument ic checked over five times per minute more, than during an
TIAS approach,

Lenpth of Fisxation Cycle. The average length of fixation cycle
for this group of pild’s was 0.67 second, The instyrument that required
the longest time for fixation was the directional oyro, with 0,90 second,
Lengths of fixation eycle for the remaining instruments were as follows:
engine instrument panel - 0.%& second, airspeed indicator - C.57 secrri,
gyro horigon - 0.56 second, vertical speed indicator = C..7 second,
altineter - 0.%9 second, and turn~bank indicator - C,%4 second.

Comparing the present GCA data with tliose reported elsewhere for
ILAS (see reference L), it can be noted that tie length of fixation cyele
is longer for all instruments dwring GCA approaches than during TLAS
approaches., or the altimeter, turn and bank indicator, and eyro
horizon the differences are small and not pearticularly consistent,
Only slightly more than half the pilots made longer fixations on these
instruments during the GCA approaches than they did during the ILAS
approaches. For the directional gyro and the airspeed indicator the
differences are large and consistent. Over 90 percent of the 38 subjects
cormon to Loth groups mede lonszer fixations on these instruments during the
GCGA epproaches than they did during the ILAS approaches,

Total Time Alletted to Bach Instrument. It is possible to express
the tlie the® was spont In observing each instrument as a percentage of
the total time available to the pilot during an approach. (See Figure 3,)
The average pilet spent approvimately L9 percent of the time available to
him in looking at the directicnal gyro, 19 percent in looking at the pyro
horizon, and 17 percen® in looking at the airspeed indicators Thus, |
during a GCA approach, these three instrurments were obscrved during
85 percent of all tle time available during the last four and one-half
miles preceding touchdovrm, No one of the remaining instruments was cbserved
Tor more than 5 percent of the time,

If the instruments are ranked according to the amount of use
received during a GCA approach, the order of relative importance is as
follows: 1) directional gyro, 2) gyro horizon, 3) airspeed indicator,

li) vertical speed indicator, 5) engine instrument panel, 6) altiméter,

and 7) turn and bank indicators Considering the instriments that are
cormon to both, this order differs from thst discovered for ILAS approaches
(4) in only one respect. During an ILAS approach the engine instrument
panel received slightly more attention (less than 1 percent more) than

did the vertical speed indicator. In interpreting these data it should be
remembered that a safety pilot was present, If this relieved the pilot
wno was flying the- aircraft of some anxiety about flying into the groun?,

AF-TR~5967 L &
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it may have led, in some cases, to less freguent use of the altimeter
than would be true for an instrument approach under actual “weather®
canditions,

Agreement Between Different Eye Movement Sumples, Means and standard
deviatlons were compubed separateiy lor each periocd of measurement, l.e.
buter marker! and Wmiddle marker® on both first and seccnd approaches.

Table IV shows, for each instrilient, differences, correlations, and

g0 patios between the means of nunbor of fixatlons per minute made
during each samples None of the LE “i¥ ratios are sipgnificant at the
0.01 level of confidence and only three ave significant at the 0,05 lsvel
of confidence, a condition wlilch would be expocted to arlse by chance,
Only one of the Ii#f correlation cosiricients fails to be significant at
the 0.05 level of confidence cad L1 are significant at the 0,01 level

of confidence, This 1s subficient evidence to justify the conclusion
that thece is gennine homogeneity among the different samples insofar

as nurber of fixations is concernsd.

Table V summarizes comparable data for lemgth of fixation cyele
for the three instruments on which the pilots spent 85 percent of their
time, and for the average lengtih of fixation cycle for all ingtrunsnts
corbined, Here 5 of the 2l ®t* ratios are siguificant at the C,0L level of
confidence and 5 additional cnes are significant at the 0,05 level of
confidence,

The length of fixation on the alirspeed Indicator ab L 1/2 miles froa
touch-down polnt on the fival appreach was significantly longer than durdng
any of the three rewalning sasples, This is diifiendt to explain gince
there are no significant difiecences betwcen the thrée remaining samples.

The data for length of fixation on the directlonal gyro reveal that
subjects conslstently mude shortes fixations ab Iy 1/72 wileg from touch-
dovn point than they did at 1 1/2 wiles from touch~down pointe TIn other
wards, ag they ncared touchedown point the emount of time gpent in checking
the directional gyro each tlme it wus looked at,vecans longer, This change
was of similar magnitude during both approashes, Mo assums ziaply that
pilcts concentrate more on heading as they get closer to the rurway does
nol completely explain this difference since the increass in nunber of
fixationa on this imstrusent is very saall, It secus more redaschaole
to accept the hypothesis that as the pilot approaches the runwuy ho attempts
to hold his assigned heading to smaller and smaller tolerances, This usans
he must read the directional gyro more exactlys this could reasonably be
expected to increase the difficulty of reading the instruament and the tium
required for reading., This agrees with the suppositicn that lengith of
fixation is an’index of the difticulty of reading an instrument,

It is obvicus that relatively lmrge differencea in length of fixatlon
on the directional gyre (which Is the wost-Trequently-checksd instruent),
at different positions on the GCA approach, affect the length of the mean
fixations, In two instances this effect ls sufficient to make thesae
differences sigaificant. : '

AF-TR-5%617 | 10



TABLE IV

Moan Differences in Number of Fixations, Correlation Coefficisnts, and "i"
Ratios for Two Different Segments of Each of Two GCA Approaches. Comparisons
are Betmeen 30-Second Samples Begun at l; 1/2 miles (OM) and at 1 1/2 miles

ol “Lb

Gl ~0.7

OM. =le0
7

(MM) From Touch-~Dowm Point.

(N = Lo)
Mhy Cllo :
r afe E %
‘Airsgged

L2UE JT9 =22 SHE 1,72
: "102 014-8** 081'

Dire ct.ional_ Oro

oTlie  Wly7 Le3 STIHE 14352
ch .076'“—* ’ﬁ

G\E*o IIori.:‘{w::j
066** 036 ~0e5 % {)3** OBJ—L
Qa1 Ot 5

é}timter
055** 2069* "“005 Qi;f’ﬁ"’ 060
1.1 o3l 1.2

Turn - Bank

oTH* lal5 =08 JJhe 102
"'0.]- 073%* 023

Vertical Speed

oThpt 2,30% 0s7 TG W97
1.0 Sl 1,16

Engine Instrument Panel

ollﬁ”* 1.51 ~0el J—l-9** o%
0.6 HTEE 1,50

Total Fixations, All Tnstruments

3R 1,60 -3 o5 S0t 1433
1.6 5554 50

# Sipnificant at the ,05 level of confldence.
#% Significant at the 401 level of confidences
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Mean Differences in Length of Fixation,
and "t" Ratios for Two Different Segments of Each of Two GCA

TABIE V

Correlation Coefficients,

Approaches, Corparisons are Between 30 Second Samples Begun at

L 1/2 Miles (OM) and at 1 1/2 Miles (M) From Touch~Down Point.,

-] ‘ oMy M

aef,  r + aff, r t aef,

Airspeed (N = 37)

=10 32 2,268 <09 25 20 =32 L5
001 059"* 038 - 02 0}45**
"003 J-I-O*

Directional Gyro (N = 40)
el oSO 3075** -Ob, J-!é** «99 +20 0115**
-.15 OS2t 3,033 <01 o653tk
' 16 o 7O
Gyro Horizon (N = 36)
02 o Thitst «Z0 «05 «TORH 2,06 «06 oS3
«03 o70% 1,08 Na N L
01 oLiO%
All Instruments Combined (N = L0).

«06 W THHE 2,923 02 9 1,06 +06 oAy
"odl- 051** 1053 000 070**
qdl O3

# Significant at the .65 level of confidence.
¥ Significant at the ,01 level of confidence,

fet+

240
65
97

B liBu
o2k
39

1.26
81
«19

26513

1.67



These statistics seem to indlcate that insofar as length of fixation
on the directional gyro is concerned, there is a lack of homogeneity
between the data collected at L 1 /2 miles from touch-domn peint and that
collected at 1 1/2 miles from touch—down point, although the data from a
particular position on the first approach 1s homogeneous with that taken
at the same position on the second approach, Therefore, the mean and
standard deviation shown in Table IT in the colum headed "All Data
Combined" do not adequately describe the length of fixation on the
directional gyro during a GCA approach, However, it is felt that the
differences betwesn Instruments are so large as to be affected only
slightly by the interaction with distance from touch~down point, This
can be illustrated by ranking the instruments in terms of length of
fixation at the outer marker and the middle marker and computing a rank
order correlation, This correlation is 0,96 for approach one and 0.9%
for approach two.

It will be noted that in Tables IT and IV the numhar of casea (N)
iz LO whereas in Tables ITT and V the numbep of cases varies, This occurs
because all subjects did not lock at all ingtruments during each sampling
period, When that happenad, the number of fixations for such subjects
on certain instruments was zere. This i5 a measure which can be used in
calculations involving number of fixations (Tables IT and V). However,
when mumber of fixations is “€ro, no measure of length of fixation is
available, so data for such subjectsmust be omitted from all caleculations
involving length of fixation {Tables ITT and 7).

Relation Between Frequency of Use and Speed of Checkin Instruments,
Table shoas the corre on coerficients for le o cation vs,
number of fixations en each instrument. These correlations are significant
for three of the instruments. Pilota who made a large muber of fixations
on the directional gyro tended to mske shorter fixationa than did pilots
who made fewer fixations, Conversely, pilots who made a large nmumber
of fixations on the altimeter and vertiecal speed indicator tended to make
longer fixations than did pilots who made fewer fixations on these
instruments. (The correlation between average mumber and average length
of fixation for all insiruments combined is not -1,00 because sanples were
dram over a fixed period of time, and different subjects made different
total numbers of fixations during this timeo, )

Weighting, Table VII shows the length of fixation for each instrument
when the averaging is with regard for fixations instead of subjects, This
was calculated by the formula

Total Frames for an Instrument
[} ong on TnsTrument

which weights each eye fixation equally., This mrocedure gives the most

weight to the subject who made the most fixations, At a1l other places

in this report averages were conputed in such a way as to weight equally
the data contributed by each subject,

" Time per frame

AP-TR-5967 _ 13



TABLE VI

Correlations® Between Length of Rixation and Nurber of Fixations
Made on the Primary Instruments by USAF Pilots
Flying GCA Approaches

Instrument X it
Air Speed Lo : ~s09
Directional Gyro Lo -6l
Gyro Horizon ' Lo —el0
Altimeter Lo 32
Vertical Speed 35 19
Engine Instrument Panel 31 -e1Q
A1l Instruments Combined Lo —e98

% A negative correlation indicates that the pilots who make
longer individual fixations on an instrument tend to check
that instrument less frequently.

TABLE VIT
Average Length of Fixation on Each Instrument Durdng GCA Approaches

Average Length of Fixation (seconds)

Instrument Weighted by fixations Welghted by subjects
Air Speed - 56 o57
Directional Gyro 87 30
Gyro Horizon «53 . 56
Altimeter o 230
Turn and Bank 12 L W36
Vertical Speed 50 Ji7
Engine Instrument Panel RN - 188
Average Fixation, A1 .

Instruments oGl 67

AF-TR-5967 : 1,



Fixation Sequences (Eye Movemen} Link Values), Any discussion of the
pattern of eye movemenbs, or the eye iixabion sequences, revealed by this
study should be prefaced by the statement that the pattern of eye movements
was, no doubt, considerably affected by the arrangement of instruments on
the panel, These data were collected on pllots who were using the instrument
arrangement established by Technical Order (1-1-160, This was the standard
Air Force arrangement at the time ihe study was made (See Figure 2).

The L2 eye movements or "links" between the six flight instruments and
the engine instrument panel that are possible with this arrangement are
listed in Table VIII in descending order of frequency of occurrence. The
strength of the bonds between pairs of instruments (Eye Movement Link
Values), based on the frequency of eye movements in both directions between
two insiruments, is shown in Figure L.

It can be seen from an inspection of Table VIII that there were four
very important eye movements made by these pilots. These are: 1) from
the gyro horizon to the directional gyro, 2) from the directional gyro to
the airspeed indicator, 3) from the directional gyro to the gyro horizon,
and !y) from the airspeed indicator to the directional gyro. Fach of these
movements occurred more than 1,000 times out of the total of 7,382 eye
movements classified. Together they accounted for 59 pervent of 2ll eye move-
ments made during the GCA approaches.

Movements to the right and movements to the left between palrs of
instruments occurred with approximately equal frequency. This indicates
that there was no carry-over of the reading habit in which short movements
tend to be made to the right, and long ones to the left. It also indicates
that there was little tendency for pilots to check several instruments in
a fixed sequence,

As was stated in a previous report, "On a priori grounds it seems that
a good instrument panel arrangement would be one on which the most
froquent eye-movement paths are short and are horigontaly, (L). There is
a 1limited amount of experimental evidence to support this assumption (1)
Inspection of Figure l, reveals that the panel arrangement used in the present
study meets these conditions exceptionally well, However, it should be
emphasized that the particular instrument arrangement studied may have
influenced the data shown in Figure I} to a considerable degree. A different
instrument arrangement might produce somewhat different Link Values,
This problem will be covered in a subsequent report.

Effect of Experience on Eye Movement Measures. The relations between
flying expericnce, as represented by total flying time, and 1) number of
fixations per minute and 2) duration of fixation cycle, are sumarized in
Table D( .

It is interesting to note that the correlation coefficient for total
fixations on all instruments, although too small to be significant, varies
in the same direction as was true for ILAS approaches (see reference L),
However, none of the 16 correlation coefficients are significant at the”
0,05 level of confidence, Hence, for the forty pilots in this group, it
must be concluded that flying experience, as measures by total hours flying
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TALLE VT

Frequascy of vecurrence of Eye Movements B tecon Pairs of Instruments
in Flying GCA Approaches

1. G/H to D/ ~ 1149 224 A1t to V/5 = g3
2+ D/G to A/S - 1097 234 G/H to T/B ~ &1
3. DG to G/H ~ 1093 2 VS toAfS w5y
Le A/5 to D/t - 2025 25. GM to A1t . 5o
5¢ A/3 to G/H - 239 26a E/T to G/H - |5
be V/5 to G/t - 206 27« Alt to T/B . ),
7o G/H to A/5 - 200 28, Alt to GAL - )3
& D/ to V/3 = 192 29« V/3 to E/I ~ 39
9 V/5 to D/G - 165 300 T/B to A/S - 30
10 D/G to ALt - 151 3le 4/S to T/8 - 24
11, A/S to A1t - 16 324 V/8 to Alt = 33
12, A1t to D/G - AU 33« E/I to A/3 - 30
13¢ G/l Lo V/S - 139 3l /B to At -~ 21
e EB/T to pfa - 122 35« E/I to V/S - 18
15. D/ to T/jB - 118 36. A/S to B/T - 17
16e Alt to A/S - 115 37¢ T/B to V/5 « 16
17« T/B to D/G - 101 3¢ V/S to T/B - 15
1. G/ to E/1 - &2 39« T/B to E/T - 11
19, T/B to G/H - &5 los E/T toA/S - §°
20« D/G to E/I -~ 79 e Dt to BT~ 3
e AStoV/5 - &9 L2 E/Y toT/B - 3
Logend

A/S - Air Speed indicator

D/G « Directional Gyro

G/H ~ Gyro Horizon

E/I - Engine Instrument Panel

Alt - Altimeter

T/B ~ Turn and Bank Indicator

V/5 ~ Vertical Speed Indicator

AF-TR-5967 1%



v 34YNnoOid

ot e Q3LLINO %2 NYHL SS37 SAMIVA

 NYHL $63) SIMVA smammre—ngemm 5107Id Ob NO 03SVE SIMTVA XNIT SR

(

‘ HOVOdddaV TOHLNOOD ANNOYD
SINIWNHLSNI 14VHOUIV NI3MLI8 SINIVA MNIT LINIW3IAOW 3A3

17

AF-TR-5967



AF-TR~-5967

TABLE IX

The Relation Between Total Flying Time and Eye-Movement Measures
Made Puring nCA Approaches

Instrument
— el

Air Speed

Directional Gyro

Gyro Horizon

Altimeter
Turn and Bank

Vertical Speed

Fngine Instrument Fanel

Total Fixations, A1l
Instruments

Mo, Fixations Duration of
X per Minuteis Fixation Crcleds
Lo «03 J5
ho <05 -2l
Lo A 17
Lo 006 W01
35 «08 -e03
25 e Rl -13
31 =20 28
oo e 13

# A positive correlation indicates that rore experienced
pilots checked an instrument more often; a nepative
correlation that they checked it less often,

¥t A positive correlation indicates that more experienced
prilots made longer fixations; a negative correlation
that they made shorter fixations,
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time, has no significant relation to length of fixation and number of
fixations per minute,

The relation between eye-movement measures ond instrument flying
time is similar to that discussed above. The coefficient of correlatlion
between total number of fixations per minute and hours of instrument
(hood plus weather) time is 0.16. The correlation between length of the
average fixation and hours of instrument flying exporience ls =0.1b.

This 1s to b expected since, for this grwup of subjects, there is a sig-
nificant relation (r = 0.46) betmeen total flying time and instrument
flying time,

The efTect of total amount of previoud GCA experience on the rate
of fixation 3s summrized in Table X. If the group is divided into four
equal sub-groups, using as the criterion mumber of GCA approaches which
have been fleovm by each subject, the mean nutber of fixations per minute
1s somewhat lower for the least experienecr d sub-group. However, the
differences between individuals within eoch group are so large that the
differcnces between group means are not simificant,.

The effecl,. on rate of fixation, of GCA experience during the 90 days
preceding the experimental flight is shown in Table XI., There is a
sugrestion that the less experienced subjects may moke somewhat fewer
fixations per minute (hence, fixations of longer duration)s but again, the
individual differences are so large that the differences between the sub-
groen means are not statistically significant and are of no practical
impOI‘taIlce.

Tt pust be concluded that this group of subjects fails to demonstrate
any significant relatlion between rate of fixation and flying experience
ag measuvred by total flying hours, by instrument flying hours, or by
number of GCA approaches flowmn by each pilote

V. SUMMARY

1. The frequency, duratlion, and sequence of eye fixations made
by forty USAF pilots when flying GCA approaches were recordeds

2, Mxatims on the primary 1nstruments varied from an average of
33 per minute on the directional gyro to 3 per minute on the twurm and bank
indicator. The group of pilots averaged 93 fixations per minute; over
three-fourths of these were on the directional gyro, gyro horizonm, and
ajrspeed indicators

3., The length of fixation cycle varied from an average of 0,90
second on the directional gyro to 0.36 second on the turn and bank
indicator. Length of the average fixation was 0,67 seconde

Lhe The average pilot spent approximately one~half of his time looking
at the directional gyro and an additidnal four~tenths of his time looking
at the gyro horizon and alrspsed indicator,
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l?:@erience

TABLE X

\in,"of Xpproaches) N

10
25
30

10
10
10 -

o' more 10

TABLE XI

GCA Experience
ixation When F1

{No, of Approaches) N

Experience
0 -3
L - 1n
12 - 27
28 -

10
10

9

or more 11

20

al Prwvious GeA Experience and Rate of Eye
Yiation Whon Flying GCA Approaches

No, Fixations Por Mimite .

Rine Nean 5.,
6€-108 &3.9 12,5
63-129 Bl 22,1
T3-122 96.1 2.7
59-125 6.2 15.5

(90 Days Preceding the
ying GCA Approaches

No., Fixations Per Minute

_R.a*n_g-ei Yean 5.0,
68-108 86,8 12,2
63-129 92,2 21.9
7&"'125 100.9 19 05
59-102 G2.2 19,0



e Among these forty pilots flying experience did not have any
ificant relation to rate of eye fixation,

6e Eye Movement Link Values between all instruments were determined,
From these values it is possible to specify an arrangement of instruments
on the panel that is optimm from the point of view of eye movements.
The arrangement used in this experiment (see Figure 2) is an excellent
one for use during GCA approaches; however, the optimum arrangement will
differ for different maneuvers. Therefore, recommendations on this point
are withheld, pending the campletion of similar analyses for other
maneuvers and other instrument panel arrangements,

21
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