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FOREWORD

4s the third of a series of reports describing the
wof a number of related investigations conducted under
it ° o Orders 6028 and 69li=31 by the Paychalogy Branch,
w55 Labaratory, Bngineering Divisiom, Air Uateriel
me purpose of these investigations is to provide
2 f:u regarding pilotst eye movements during instrunent
wit BYC b backgromd research provides the answers to many
pite S amtered in designing aircraft instruments and
portio O els on which a large mumber of instruments must
» granged in the most effective way,

Capt. Jones and Lt. Milton were responsible for all
aupt work, and supervised the fllm reading and analysis of
go datde Sgt. Morris was the photographer on all flights,
osied the £ilm and prepared the reference slides. Dr, Fitts
peisted in planning the study and advised on various details
& eperimental procedures and data analysis.

fhe authors wish to express their appreciation to a
wber of individuals for valuable assistance in conducting
ue roject: to the Special Photographic Services Branch
el 8id the photographic work; to the persannel of the United
pates Air Force Instrument Pilot School, Barksdale Air Ferce
les, the A1l Weather Flying Division, Clinton Cogynty Air Foarce
s, and the Wright-Patterson Air Force Base Instrument School,
& woluteered as subjectsy and to Mr. P. J. Kirchmer who
yeared the illustrations, Special acknowledgment is due to
¥, Carles Simon and a number of students from Antioch College

: usisted in reading the film records and in analyzing the
A,
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This report is the third in a serdes dealing with the -
peasurement of eye movemsnts of pilots during ipstrument flight,
the frequency, duration, and sequence of eye fixations made by
forty USAF pilots when flying GCA approaches are summarised,
Fixations on the primary instruments vary from 33 per minute

on the directional gyro to 3 per mimute on the turn and bank
indicators 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 second an the directional gyro to 0,36 second on the
tum and bank indicator, Appraximately one-half of the pilotst
time is spent observing the directional gyro and an additional
four~tenths of thehrtime is spent observing thes gyro horizon

and airspeed indicators 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 optirmmum 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

o sent report covers part of the data obtained during a a'e'r:l.es

qostigations of how pilots use their eyes during instrument flight.
of 18 studies were conducted to determine the answers to such questions
Tese followings How much of the instrument panel do pilots cbserve
. tt;)eglance"? How often is each instrument checked during particular
\ st 8 B How much time is required to check each instrument? What

, entage of the total time available is spent in seeking information

‘ per’ each of the different instruments? How are the frequency and duration
! : | n;o:ye rixations influenced by factors such as pilot experience, instrument
i o o eonent, instrument lighting, and the particular maneuver being
‘ fom at the time?

The results for GCA approaches are summarized in the present report.
Data on eye movement during ILAS approaches, during.maneuvers flom at
atitudes, during contact landings and take-offs and during night flights

ure presented in other reports in this series.

1T. PROCEDURES FOLLOWED IN OBTAINING EYE FIXATION
RECORDS DURING GCA APPROACHES

{n USAF Air Materiel Command Technical Report No. 5837 The description
covers recording techniques, film analysis procedures, the various maneuvers
flom, and the reliability of the resulting data. Briefly, these

procedures were as follows:’

The procedures followed in the present study are described in detail
Phot hic Rec . A thirty-five millimeter camera was installed
{na alrc S0 the face and eyes of the pilot could be photo-
graphed as they were reflected in a rectangular mirror attached to the
tnstrument panel at the center of the flight’instrument group. Photographic
records were made at & frames per second during critical maneuvers, A
\ spocial blind £lying hood was used to limit the pilet's vision to the
;;‘ﬂmf;rnmint panel. A view of the recording camera and mirror is shown in
ure 1,
‘ .
‘ Flight Procedures., Each of L0 USAF pilots made two approaches far
co us s GCA procedures under simulated instrument .
W"‘)ﬁtion:!.. The camera was started as the aircraft passed over a point
o | APProximately 4 1/2 miles from touch-down and a thirty-secand sample
cn;? fixations was obtained, The camera was again started as the air-
g _ Passed over a point (MM) approximately 1 1/2 miles from touch-dowmn
H un:u::cmd thirty-second sample of eye fixations was obtained, In
the 1 and distance from touch~down, these two points correspond to
Toat, ocation of the outer marker and middle marker beacans of the USAF
Tment Low Approach System (ILAS).
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Film Anal . All f£ilm records collected in the present study were
ame rame, Standard reference photographs, taken at the

41 of each flight, with pilots looking directly at each instrument,

*s pade into slides and used as a reference by the film readers.

[

4 detailed discussion of the reliability of the film analysis
(godure 1is included in AF Technical Report No. 5837 (see reference 2).

ITI. DESCRIPTION OF SUBJECTS

1t was decided to obtain eye-fixation data for a group of subjects
4t mas fairly typical of post-war USAF pilots, for example, men whose
gerience level would range from moderate to expert. Some of the most
qficient pllots at the United States Air Force Instrument Pilot School,
isdale Air Force Base; at Wright-Patterson Air Force Base Instrument
vool; and at the A1l Weather Flying Division, Clinton County Air Force
se. were included in the group. Less experienced subjects included
.ots attending the Instrument School at Barksdale and pilots stationed
. ¥right-Patterson. The LO pilots who served as subjects ranged in age
«p 23 to 37 years with an average of 28 years, Their total flying time
wied from 700 to 5,000 hours, with an average of approximately 2,000
.urse Their instrument flying time (hood plus weather) varied from 65
2500 hours, with an average of approximately 200 hours. The number of
~ctice and actual GCA approaches which they had made varied from O to
=, Seventeen of the pilots had made less than 25 GCA approaches, both
~ctice and actual. Of these 17, only 2 had no experience with GCA.

% sumary of flying experience for each pilot in the group is given in
tle Is Thirty-e of these were the same pilots employed in the study
+ IIAS approaches (see reference L).

IV. RESULTS

Means and standard deviations (root mean square variations) for number
leye fixations per minute and for length of fixation cycle on each

¢ the time required to move the eyes to an instrument plus the time spent
1looking at that instrument,) The data are presented separately for the
;‘0 periods of photograprhic recording (OM and MM) as well as for the two
‘rogches made by each subjecte

.. Number of Fixations. Buring a GCA approach the typical pilot in

s group made an average of 93 fixations per minute, Of these, 33 were
? the directional o (heading indicator), 21 were on the gyro horizon
H“titude indicatorﬁrand 1% were on the airspeed indicator. Thus,

reximately 77 percent of all fixations were made on these three
Rtrumemts, No other instrument was fixated more than 6 times per minute.

strument are summarized in Tables IT and III. (A fixation cycle is defined




Summary of Biographical Information for the 4O Pilots Who Served as Subjects
in an Experiment to Measure Eye Movements When Flying GCA Approach?s
Simlated Actual

Total Hours Instrument GCX K hes GCA Xpproaches

sject  Age Tme Total nt  TYotal Curren

27 2500 _ 500 300 2 ‘
% 30 2500 200 100 hg Zg 1(5>
3 23 1300 400 150 15 30 5
i 31 2500 300 15 5 2 1
5 31 2100 300 18 13 0 0
6 28 3200 350 75 60 2 >
7 23 2200 215 100 15 2 0
4 26 2700 205 30 6 L 0
9 37 5000 250 15 . o 10 0
10 27 2800 300 100 25 5 0
11 33 1350 100 8 3 0 0
12 28 1600 180 15 5 2 0
13 26 1350 156 50 0 0 0
U 26 2100 300 5L 20 20 10
15 28 21,50 170 70 30 20 2
16 30 3200 225 50 5 10 1
17 33 1500 150 D 10 0 0
18 29 2300 300 0 o] 0 o
19 28 2150 100 L L 1 1
D 33 1500 70 32 32 10 10
21 26 1450 150 20 5 0 0
22 27 1800 200 27 12 1 7
23 29 1300 100 205 30 0 0
2 2l 2300 280 d, 3@ 25 5
25 27 900 70 6 0 0 0
26 25 2850 L,00 90 16 U, 2
27 29 1950 250 155 L2 10 5
2 27 900 100 6 3 0 0
2 26 2100 - 300 130 Lo 75 50
30 26 850 150 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 5 15 .0 0
35 26 1700 120 17 n 2 0
36 26 1800 100 2 12 0 0
37 28 2000 300 75 ™ 0 0
38 ] 1500 % 1 0 0 0
59 35 1,300 200 5 0 0 0
ko 28 700 65 o 10 0 0
lean 28 2075 21, 5, 16 9 3
ledian 28 1975 200 2% 112 112 0




jeans and Standard Deviations of Number of Fixations per Minute
On Bach Instrument During GCA Approaches

(N = 440)
First Approach Second Agz%h All Samples Cambined
A:Lrgmed
19.1 18, 17.2 18.0 18.2
, 9.0 949 8.2 10.2 8,0

Directional Qyro

r'] 8.2 10,1 7.5 9.9 Te9
Gyro Horizon .
21.03 2008 2009 1905 20.6
X . 86 12,3 943 13.1 9.5
Altimeter
+ 54 3.9 5.0 L a7
Turn - Bank
+ 3.8 3.1 3.0 3.0 3.2
5e5 548 Le3 563 L.7
Vertical Speed
7.1 5ol 61 642 642
6.7 602 603 6.9 ’ 507
g@a Instrument Panel |
301 203 2.9 109 . 2.6
362 2.9 3t 2.5 243
Total Fixations, All Instrumer.s® :
{ %L 91.2 92,8 9.7 9340
20,0 2l3 16,9 27.5 18.7

* Includes those miscellaneous fixations (about L percent of the
total) that could not be attributed to any of the primary
instruments,




TABLE IIT

Means and Standard Deviations of Length of Fixations on Each

S.D.

S.D.

S.De

Instrument During GCA Approaches #

First Approach

&

26

Lo
81

25

18

35
L0
Y-

27
«50
o16

23
97
61

Lo

7

111

K

Nk

Lo
1.00

o0

38
5L
26

29
38
018

22
«30
o19

25
oAi3
20

17
o7l
3

Lo
71
*19

Second Approach

o “m,
Airspeed
39 Lo
.55 .51
016 «20
Directional Gyro
Lo Lo
&5 1.01
22 10 .
Gyro Horizon
39 37
«60 60
35 36
_thimeter
34 29
39 37
12 18
Turn - Bank
23 23
olils 3L
J1 «20
Vertical Speed
27 27
7 413
.19 .16
Engine Instrument Panel
val 18
096 o68
Lo 32
Average, All Fixations#s
Lo Lo
67 o7l
oJ2 «20

* The number of subjects varies because some
-instrument during one of the sanpling peri

¥+ TIncludes those miscellanecus fixations that could not be
the primary instruments,

| ar-TR5067
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A

Al)l Data Combined

Lo
. o#97
o17

31
88
31

Lo
67
ok

pﬂobadidnutlookatam

ods,

attributed to any of




Although the total number of fixations per minute during GCA

p.[.og,ches is less than that discovered during ILAS approaches (see reference
?S) the frequency of checking each instrument is higher, This is possible
gince there is one less instrument to check. The extra tire available
jring @ GCA approach (which results from not having to check the cross-~
a,ointer) seems to be fairly equitably distributed among all the instiruments.
svory instrument is checked at least one time per minute more, and no
ipstrument is checked over five times per minute more, than during an

14S approach, .

Length of Fixation Cycle. The average length of fixation cycle
for this group of pIIcEs was 0,67 second. The instrument that reqvired
the longest time for fixation was the directional gyro, with 0,20 second.
lengths of fixation cycle for the remaining instruments were as follows:
engine instrument panel - 0,88 second, airspeed indicator - 0.57 second,
o horigon - 0.56 second, vertical speed indicator = C..7 second,
altimeter = C¢39 second, -and turn-bank indicator - C.256 second.

Comparing the present GCA data with those revorted elsewhere for
AS (see reference L), it can be noted that tie length of fixation cycle
is longer for all instruments during GCA approaches than during ILAS
approaches, Ior the altimeter, turn and bank indicator, and gyro
horizon the differences are small and not particularly consistent,

Only slightly more than half the pilots made longer fixations on these
instruments during the GCA approaches than they did during the ILAS
approachese For the directional gyro and the airspeed indicator the
diffcrences are large and consistent, Over 90 percent of the 38 subjects
cormon to both groups made longer fixations on these instruments during the
GCA approaches than they did dwring the ILAS approaches.

Total Time Allotted to Each Instrument. It is possible to express
the t at was spen observing each instrument as a percentage of
the total time available to the pilot during an approach. (See Figure 3.)
The average pilot spent approximately L9 percent of the time available to
him in looldng at the directional gyro, 19 percent in looking at the gyro
horizon, and 17 percent in looking at the airspeed indicator, Thus,
during a GCA approach, these three instruments were observed during
85 percent of all the time available during the last four and one=half
niles preceding touchdown., No one of the remaining instruments was observed

for more than 5 percent of the time.

If the instruments are ranked according to the amount of use
received during a GCA aprroach, the order of relative impoartance is as
folloms: 1) directional gyro, 2) gyro horizon, 3) airspeed indicator,
) vertical speed indicator, 5) engine instrument panel, 6) altiméter,
and 7) turn and bank indicator. Considering the instriments that are
‘omman to both, this order differs from thst discovered for ILAS approaches
(L) in only one respecte 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
Temembered that a safety pilot was present. If this relieved the pilot
10 was flying the aircraft of some anxiety about flying into the ground,

~‘7R~5967 &
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it B3y have led, in some cases, to less frequent use of the altimeter
ould be true for an instrument approach under actual “weather®

”
:!:[(;itiomo

ement Between Different Uovement es, Means and standard
jgeviatlons Were compu separately for per of measurement, i.e,

guter marker? and tniddle marker® on both first and second approaches.
rable IV shows, for each instrihent, differences, correlations, and
1" ratios between the means of number of fixations per minute made
aring each sample, None of the L& #¢" ratios are significant at the
0,01 level of confidence and only three are significant at the 0.05 level
of confidence, a condition which would be expected to arise by chance.
omly one of the LB correlation coefficients fails to be significant at
the 0,05 level of confidence and 13 are significant at the 0,01 level
of confidence, This is sufficient evidence to justify the conclusion
that there is genuine homogeneity among the different samples insofar
as number of fixations is concerned. .

Table V summarizes comparable data for length of fixation cycle
for the three instruments on which the pilots spent 85 percent of their
time, and for the average length of fixation cycle for all instruments
caibinede Here 5 of the 2 "t" ratios are significant at the 0.01 level of
cmfidence and 5 additional ones are significant at the 0,05 level of

confidence,

The length of fixation on the airspeed indicator at L 1/2 miles fram
touch-down point on the first approach was significantly longer than during
ay of the three remaining samples. This is difficult to explain since
there are no significant differences between the three remaining samples,

The data for length of fixation on the directional gyro reveal that
ubjects consistently made shorter fixations at L 1/2 miles from touch-
iom point than they did at 1 1/2 miles from touch-down pointe In other
vards, as they neared touch-domn point the amount of time spent in checking
the directional gyro each time it was looked at,became longer. This change
s of similar magnitude during both approaches. To assume, gimply that
Mlots concentrate more on heading as they get closer to the rumway does
0t completely explain this difference since the increase in mumber of
tixations on this instrument is very small, It Seems more reasonable
to accept the hypothesis that as the pilot approaches the rumway he attempts
to hold his assigned heading to smaller and smaller tolerances, This means
e mist read the directionsl gyro more exactly; this could reasonably be
xpected to increase the difficulty of reading the instrument and the time
fequired for reading., This agrees with the supposition that length of
tixation is an‘index of the difficulty of reading an instrument,

It is obvious that relatively large differences in length of fixation
M the directional gyro (which is the most-frequently-checked instrument),
% different positions on the GCA approach, affect the length of the mean
ixations, In two instances this effect is sufficient to make these
4fferences significant.

*‘5967 10
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TABLE IV

Joan Differences in Number of Fixations, Correlation Coefficlents, and niw
ratios for Two Different Segments of Each of Two GCA Approaches. C isons

.o Between 30-Second Samples Begun at j 1/2 miles (OM) and at 1 1/2 miles
(M) From Touch-Down Polnt.
(N = L40)
uh alp wbo
aiff, r - diff,. r t diff. T Lt
Airspeed °
o -] o0 o233 19 -2,2 oS5k 1.72 =1e5 03,4* oal»
ot 1o e W8l 0l eT2wr 3T
A1) 048 TG OTH
Directional Gyro
OM'_L 005 o T1lstit J-ﬂ 103 073** 1032’ 205 063** 1092
\.Q,!l Oos 076“* 075 109 .53** 1026
1%) 1.2 oa#** 97
Gyro Horizon
oMy 0,6 TS 38 =05 % 03’4 =149 oD Lt 1od+
"i1q] 0.l oG53 b -1l.3 80 1,05
OMp -1k - &OTHt 9L
Altimeter
Oy =16 STt 2,60% «0¢5 IT* 60 =1,0 2 1,06
Mdy ' 1.1 o3lﬂ' 10)42 05 o35%* o2
O 0.6 Jiame 6l
Turn - Bank
My 0.7 JJo 1,15 0,8 oJEME 12 =08 oT3% 1429
g 0,1 T 23 0.1 Bt L9
Olo ) — OOt
Vertical Speed '
Lt =l.7 ol 2,30% 0e7 78 Q97 0.9 o 32
1 1.0 S 1,16 0,8 ot (98
Qb =042 O 26
Engine Instrument Panel
ml 0.8 JibHt 1,51 =0.1 1o ;% =lel olll*" 225
My 0.6 HTHe 1,50 =0l J35% o719
% "'1.0 . .35* 1085
Total Fixatims, All Instruments |
o ~5e2 L%t 169 =35 0w 133 AT oSl 1,25
1.6 JS5Ht S50 05 . G2 13
. -1.2 079‘* .ha
# Significant at the .05_1eve1 of confidencee
# Significant at the 01 level of confidence.

L PTR-5067 11




TABIE V

Mean Differences in Length of Fixation, Correlation Coefficients,
and "t" Ratlos for Two Different Segments of Each of Two GCA
Approaches, Cormparisons are Between 30 Secand Samples Begun at
L 1/2 Mles (OM) and at 1 1/2 Miles (M) From Touch-Down Point.

BhH | 9b Mo
djﬂ. r 3 dﬂf. E E diff. £

Airspeed (N = 37)

—.10 .32 2025‘* "009 025 20 d-l»* "012 015

;’1‘1 01 059** 038 -2 oL'r5**
Directional Gyro (N = 4O)
X -el19 SOt 3 TEn od-l» J-Gé** 09.9 020 .115**
m‘l =15 ] .62*'* 3 e OFMt <01 .@*‘*
* 016 o TO3¢
Gyro Horizon (N = 36)
xl o2 o Tht «&0 «05 o 703t 20%* o% 053**
2 03 oTOME 1,08 O oS5k
01 o103
A1l Instruments Combined (N = L,0)
$06 oTHiR 2,024 o02 SoE 1,06 06 SR
"'om 051** 1053 ow 070**
oQl oG2%

* Significant at the ,05 level of confidence.
¥ Significant at the .01 level of confidence,

"5967 | 1z
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2.40%
65
97

3 LB
3 oLy

1,26
o8l
19

251
1.67




These statistics seem to indicate that insofar as length of fixation
on the directiomnal gyro is concerned, there 1s a lack of homogenel
petween the data collected at L4 12 miles from touch-domn point and that
collected at 1 1/2 miles from touch-down point, although the data from a
particular position on the first approach is homogeneous with that taken
at the same position on the second approach, Therefore, the mean and
gtandard deviation showmn in Table IT in the columm headed "All Data
Combined" do not adequately describe the length of fixation on the
directional gyro during a GCA approache However, it is felt that the
differences between instruments are 8o large as to be affected ®nly
slightly by the interaction with distance from touch-domn pointe This

for approach two.

Tt will be noted that in Tables II and IV the number of cases (™
33 1,0 whereas in Tables IIT and V the number of cases varies, This occurs
because all subjects did not look at all instruments during each sampling
period, When that happened, the number of fixations for such subjects
on certain instruments was zero. This i3 a measure which can be used in
calculations involving number of fixations (Tables II and IV). However,
when number of fixations 1s zero, no measure of length of fixation is
available, so data far such subjectsmust be omitted from all calculations
involving length of fixation (Tables III and V),

Relation Between Freﬁengz of Use and Sgged of Checldni Instruments.
Table shows the correlatlion coe cilents ior on vs.
mmber of fixations on each instrument. These correlations are significant
for three of the instruments. Pilots who made a large mmber of fixations
on the directional gyro tended to make shorter fixations than did pilots
who made fewer fixations, Conversely, pilots who made a large number
of fixations on the altimeter and vertical speed indicator tended to malke
longer fixations than did pilots who made fewer fixations on these
instruments. (The correlation between average mumber and average length
of fixation for all instruments combined is not =1,00 because sanples were
drawn over a fixed period of time, and different subjects made different
total numbers of fixations during this time.)

Weighting. Table VIT 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 Instrumemt = ’
Yotal YIatlons oo the Instrument Time per frame

which weights each eye fixation equally. This procedure gives the most
weight to the subject who made the most fixations,. At all other places
4n this report averages were caputodinmhauyutonight.quuy
the data contributed by each subject.

AP-TR-5967 . - 13




TAHLE VI
Carrelations® Between Length of Fixation and Number of Fixations
Made on the Primary Instruments by USAF Pilots

Flying GCA Approaches

Instrument N "t
Air Speed bD =09
Directional Gyro Lo ~e

o Horizon Lo =el0
Altimeter L0 32
Turn and Bank 35 30
Vertical Speed 35 L9
Engine Instrument Panel ﬁ) S )
A1l Instruments Cambined . =e98

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

TABLE VII
Average Length of Fixation on Each Instrument During GCA Approaches
Average Length of Fixation (seconds)

Instrument . Weighted by fixations Weighted by subjects
Air Speed 56 57
Directional Gyro 87 ' «90
Gyro Horizon : 53 56
Altime‘er ol 39
Turn and Bank . oli2 36
Vertical Speed <50 7
Engine Instrument Panel &3 +88
Average Fixation, All

Instruments & 67




. Fixation Sequences (Eys Movement Link Values). Any discussion of the
pattern of eye movemen s, or the eye on_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 panels These data were collected on pilots who were using the instrument

arrangement established by Technical Order (1-1-160. This was the standard
Air Force arrangement at the time the 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
1isted 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 e movements in both directions between
two instruments, is shom in Figure 4.

Tt can be seen from an inspection of Table VIII that there were four
very important eye movements made by these pilotse These ares 1) from
the gyro horizon to the directional gyro, 2) from the directicnal gyro to
the airspeed indicator, 3) fram the directional gyro o the gyro horizm,
and ;) from the airspeed indicator to the directional gyroe Each of these
movements occurred more than 1,000 times out of the total of 7,382 eye
novements classified. Together they accounted for 59 percent of all eye move-
ments made during the GCA approaches.

Movements to the right and movements to the left between palrs of
jnstruments 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 litile tendency for pilots to check several instruments in
a fixed sequence.

As was stated in a previous report, "On a riori grounds it seems that
a good instrument panel arrangement would be one on W ich the most
frequent eye-movement paths are short and are horizontal", (L). There is
a2 limited 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 L 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 rience on Movement Measures. The relations between
flying experience, as represenga By total Tlying time, and 1) number of
fixations per minute and 2) duration of fixation cycle, are sumarized in
Table IX,

Tt 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)e
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

AP-TR-5967 15
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Frequency of Occurrence of Eye Novements Between Pairs of Instruments

" TABLE VIII

in Flying GCA Approaches

e/f to D8 - 1169
D/G to A/S - 1097
D/G to G/H - 1093
A/s to D/G - 1025
A/S to G/H - 239
V/S to G/H - 206
G/H to A/S - 200
D/G to V/S = 192
V/S to D/G - 165
D/G to A1t - :{E.'é
A/S to A1t ~

Alt to D/ - 1
6/H to V/S - 139
E/TI to D/G - 122
D/G to T/B - 118
Alt to A/S - 115
T/B to D/G - 101
G/H to B/I - &8
T/BtoG/MH - &5
D/G toB/I- T9
A/S to V/S - &

Llegend

GHtoT/B-Q
V/S to A/S - 51
G/H to A1t -~ 50
E/I to G/H - L5
Alt to T/B = U,
Alt to G/H - |3
V/S to B/I - 39
T/B to A/S - 38
A/S to T/B - 36
V/S to Alt - 33
E/I to A/S - 30
T/B to Alt -
B/I to V/S =
A/S to B/I -
T/B to V/S -
V/S to T/B -
T/B to E/I -
E/I to A/S -
Alt to E/I -
E/TI to T/B -

A/S - Air Speed 1ndicator
D/G ~ Directional Gyro
G/H - Gyro Horison
. B/I - Engine Instrument Panel
Alt - Altimeter
T/B = Twrn and Bank Indicator
V/S - Vertical Speed Indicator
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TABLE IX

me Relation Between Total Flying Time and Eye-lovement Measures
Made During GCA Approaches

Instrument N
Air Speed Lo
Directional Gyro L0
Gyro Horizon 14,0
Altimeter L0
Tyrn and Bank 25
Vertical Speed 25

Engine Instrument Panel 31

Total Fixations, ALl
Instruments Lo

No, Fixations Duration of
per Wanute#  Fixation Cocl
«03 15
.05 -2,
k] A7
06 01
«0% -e03
=01 =e13
-e20 25
12 =13

# A positive correlation indicates that rore experienced
pilots checked an instrument more often; a negative

correlation that they checked it less often.

## A positive correlation indicates that more experienced
pilots made longer fixations; a negative correlation

that they made shorter fixationse.
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time, has no significant relation to length of fixation and mumber of
fixations per mimute.

The relation between eye-movement measures and instrument flying
time is similar to that discussed above, The coefficient of carrelation
between total mumber of fixations per minute and hours of instrument
(hood plus weather) time is 0,16, The carrelation between length of the
average fixation and hours of instrument flying experience 1s =0,16.
This is to be expected since, for this group of subjects, there is a sig-
nificant relation (r = 0.46) between total flying time and instrument
flying time,

The effect of total amount of previous GCA experience on the rate
of fixation is summrized in Table X. If the group is divided into four
equal sub-groups, using as the criterion number of GCA approaches which
have been flomn by each subject, the mean mmber of fixations per minute
is somewhat lower for the least experienced sub-group., However, the
differences between individuals within each group are so large that the
differences between group means are not significant,

The effect,. on rate of fixation, of GCA experience during the 90 days
preceding the experimental flight is shown in Table XI, There is a
suggestion that the less experienced subjects may make somewhat fewer
fixations per minute (hence, fixations of longer duration); but again, the
individual differences are so large that the differences between the sub-
group means are not statistically significant and are of no practical
importance.

It must be concluded that this group of subjects fails to demonstrate
any significant relation between rate of fixation and flying experience
as measured by total flying hours, by instrument flying hours, or by
number of GCA approaches flom by each pilote

V. SUMMARY

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

2. PFixatims on the primary instruments varied from an average of
33 per minute on the directional gyro to 3 per minute on the twrn and bank
indicator, The group of pilots averaged 93 fixations per mimte; over
three-fourths of these were on the directidnal gyro, gyro horison, and
airspeed indicatare . '

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
indicatar. Length of the average fixation was 0,67 second,

Lo The average pilot spent approximately one-half of his time looking
at the directiommal gyro and an additidmal four-tenths of his time looking
at the gyro horizon and airspeed indicator,

AP-TR-5967 1




. TABLE X

Relation Between Total Previous GCA Experience and Rate of Eye
Fixation When Flying GCA Approaches

. %g{_s_e& No, Fixations Per Mimte
gptrovp  {Boe 0 peroaches) ¥ Range “Wean SeD.
I 0 - 10 10 68-108 8.9 12,5
- n - 25 10 63-129 9%5.1 22,1
11T % - 90 10 B-122 96.1 2.7
v 91 - or mare 10 59-125 9642 15.5
TABLE XI

Relation Between Current GCA Experience (90 Days Preceding the
Study) and Rate of Eye Fixation When Flying GCA Approaches

ence No. Fixations Per Minute
Sub-Group (No.%;ches) N Range Mean SeDe
I 0 - 3 10 68-108 86,8 12,2
I L - 1 10 63-129 92,2 21.9
[T 12 - 27 9 125 100.9 19.5
v 28 - or more 11 59-122 92.2 19.0
V25067
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Se Among these forty pilots flying experience did not have any
wﬁimt relation to rate of eye fixation,

6, Eye Movement Link Values between all instruments were determined,
prom these values it is possible to specify an arrangement of instruments
5 the panel that 1is optimm from the point of view of eye movements,
~e arrangement used in this experiment (see Figure 2) is an excellent
o for use during GCA approaches; however, the optimum arrangement will
gffer for different maneuvers, Therefore, recammendations on this point
. withheld, pending the completion of similar analyses for other
saneuvers and other instrument panel arrangements.
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