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A STUDY ON AIRBORNE INTEGRATED DISPLAY
SYSTEM AND HUMAN INFORMATION PROCESSING

K. Mizumoto, H. Iwamoto, S. Shimizu, & I. Kuroda

Aeromedical Laboratory, JASDF(Commander: I. Kuroda)

I. Introduction

In recent years, waysAto.feduce the workload of airplane pilots /78*
and enhance safety by a systematic integrated display of information,
which is obtained by airborne instruments, have been studied. The most
important role has been played by the great progress of computers in
terms of data processing capacity, dependability and the speed of oper-
ation processing and the like, accompanied by the development of smaller
and lighter computers.

That is, the major information obtained by airborne instruments,
which had been hitherto displayed separately and mechanically, :is to’'be
operation processed by computer so as to be integrated through a processor
and displayed in color on CTR.

B-767, the fourth-generation passenger jet plane, is the first commer-
cial passenger airliner equipped with an airborne integrated display
system. The merits of the integrated display system are that the major
information displayed in one spot can reduce the necessary amount of
scanning, and consequently the workload, in terms of visually obtained
information; and also that the preprocessing of information by the pro-
cessor can select the least information that is directly needed to make
judgements. Nevertheless, because various information displayed simul-
taneously might possibly cause confusion, it 1s necessary to process

information.

In this article, the problems of information obtained by the airborne
integrated display system and human visual cognition are focussed on for

examination.

*Numbers in the margin indicate pagination in the foreign text.



11 Experiment

The reading of digital, analogue, and digital-analogue information
is examined by using static models of ILS (Instrument Landing System),
referring to EADI (Electronic Attitude Director Indicator), a kind of
airborne integrated display, with which the B-767 is equipped. In addi-
tion, we tried to make the contents of the models similar to the data
used at the beginning of this study as much as possible. However,
since it was not stable in terms of symbology, the displays might not
have been reproduced as they should have been in terms of luminousness
and color. '

Experiment (I) to measure the time needed to memorize the contents /79
of models, and experiment (II) to measure the contents which can be
memorized within a limited time were conducted. The details of the

experiments are described as follows.

1. Experiment (I)

(1) Making the models

As shown by Figure 1, the following 9 items were displayed in black
ink on a high quality white paper of these dimensions: length 14 cm X
width 15.3 cm, with green trim whose width is 1.5 cm.

DH: Decision height Digital (feet)
(?33 \ ‘o Vﬁ ! 2,a/ ?_;io_\ GS: Ground Speed Digital (knot)
\ -— r — TAS: True Air Speed Digital (knot)
5 ~ o—— 7 o ALT: Altitude Digital (feet)
o — ° Pitch: Analogue-digital (degree,
Y -'l_!_l_ﬁ?a [~ indicated as the relationship
2 10— 10 : between the miniature aircraft
“_:::_zo and the horizon)
o : s Bank: Analogue-digital (same as the
b’z ° Ou ° “J above)
Fig.1 Static model of electronic atti_ Error in Speed: Analogue (slow or fast
e dhctor Inicstor of sitbonne should be indicated on the
tion 8 ). o

right side of the screen)



Error in glide slope: Analogue (high or low should be indicated on the
right side of the screen)

Aberration of course: Analogue (right or left should be indicated on the
right side of the screen)

The models of combinations of these nine items were made. One of thenm
~was to explain to the subjects the contents of the display, two were for
training, and the other eight models were used for the experiment(condi-
_tion 1 - condition:8). The contents of the display are shown in Tab%e 1.
In addtion, Figure 1 is used for experiment condition 8.

Tab.1 Contents of static models used in the experiments (models conditioned
from 3 to 5 were not used in Exp. Il ).

o] DH 1 GS | TAS | AT |Pitch | Bank | Speed | GSlopelCourse
iq] 170|155 | 152 | 353 | 5°Up | SRgtf Slow | Above | Left
21:,180)558 | 172|257 5008 20R [Nomal [ A. | L.
1{100]:50{150}100] ¢ | O | N. |NormalNomal
LlZT1s0(<50[155(900| 5u| 0 | L | N | N
TIsTi20 i35 [150 | 750 [100|sten| N | N | N
NTal130]153 148 [537] sujioR[ N | N [ N
a5 170185 |1701650] 6 | & |Fest | & Right
X 61110150 |145{350| ¢ | SR| N | N | L
E 71140 [140]135420| Tu| 5L S. | A | R
81130{193}208 852 2D.| 3L| F |Below] L.
(2) Method of Presentation /80

The experimenter presented models one by one at observation distance
of 70 cm, and at a 25° angle below the subject's level gaze. The order
of presentation was the same in the explanation and training for each
subject, and after that,in experiment, by using the latin square method,

a different order was arranged for each subject. Moreover, the periphery
and background of the presenter were covered with a black flock paper,
and the surface of the instrument models was lighted by about 500 1x

from behind the subject, who was sitting on a chair, by photographing
lamps(300W x 2 lamps).



(3) Subjects

The subjects were 8 pilots, all males, age 27 - 49 years old (the
_average age 39.9 years old) who passed the aviational physical examina- .
tion. Their flying hours were 1,200 - 4,900 hours (the average 3,298
hours).

(4) Memorization Time

The items were explained to the subjects using the models; they
were instructed to show the condition of landing'by ILS (Instument
Landing System) and to memorize the contents as accuratly and quickly
as possible. In addition, the instructions and explanation were tape-
recorded by the experimentor in advance. Both negative and positive
pole terminals were attached to both corners of the subject's eyes, and
an EOG electric terminal was attached to the center of his forehead for
the purpose of electrically grounding the subject. The device fixed on
the subject's face was designed to restrict the movement of his head.
The subject's eyes were closed while the experimenter was changing the
models and opened with the experimenter's calling a signal, '"ready'.
Then, the model was still covered so that the subject could not know
the contents. Next, when the experimeter called, "look to the left",
the subject, pushing a button with his right hand,stared at a red mark

located at a point about 60° above. During that time, the experimenter
uncovered the model and gave the subject the sign, "OK". The subject
pushed the button again, returned his eyes to the right, and memorized
the contents of the display. After memorizing the contents, the subject
pushed the button, and returned his eyes to the left. At the same time,
the experimenter covered the model. The memorized contents were imme-
diately recorded into a taperecorder.

The time in which the subject stared at the model was measured by record-
ing on a pen-drawing oscillograph the signals from EOG and the push
button. In this way, the time needed to memorize each one of the eight
models was measured. It took about 45 minutes per subject to complete
the experiment which included the explanation, attaching the electric

terminals, and training.
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(5) Result

The mean time to memorize each model and the average number of
errors in experiment (I) are shown in Figure 2. Clear differences are
recognized according to the displayed contents. Consequently, it is
thought that the degrees of difficulty in the contents had a great
impact on the result. 1In condition 1, it took an average of 11.1 seconds for
9 items to be memorized, whereas condition 8 took the longest time, an
average of 67.9 seconds, to be memorized. The result of analyzing the
variance is shown in Table 2 and significant differences among the
conditions as well as the subjects (p¢.0l1 for both) were recongnized.
The latter indicates differences in ability to memorize among the subjects.

Moreover, the analysis of the errors indicates that, besides the
difference in condition, the difference in the order of pfesenting the
models also tends to cause different result. That is, the models whose
contents were difficult or which were presented in the beginning got more
errors. Therefore, it is thought that it takes a little practice to
memorize these kinds of models. There should have been a few more
trainings. In addition, condition 5 was memorized very quickly though
it got more errors.

CONDITION 1 I

2 mE  ERROR

3

4

5

6

7

8 SaNAREAITRRRIRRRERRSL
TIME(SED O 20 40 60 80
ERRORCN.) 0 05 10 15 20

Fig.2 Mean time to memorize each model and the average number of errors in
Exp.1I.



Furthermore, among the subjects there were significant differences
(X?=24,912, X.01(7)2=18,476) in their perfomances. The faster the
subjects memorized the contents, the more errors they commited.

Tab.2 Analysis of variance of time to
memorize models in Exp. I.

SV SS |DF| MS F.
Subject | 908830 | 7 [129833 | 8682°"
| “Sequence | 98348 | 7 | 14050 | 0940
Condition [1588855 | 7 (226979 {15178""
Ertor 628078 |42 | 14954
Total 3224111 |63 | 511.76

- uws P<.01

2. Experiment (II)

(1) Instrument Models

/8%
After the trainings, which were increased to 3 times from 2 times,

using the same models that were used for experiment (I), only the 5
kinds of models, conditions 1,2,6,7, and 8, were used for experiment
(II).

(2) Method of Presentation

In order to measure the contents of the model memorized within a
fixed amount of time (5 seconds x 2 times, a 30 seconds interval between
them), the lamps were switched on and off by a timer. That is, the
experimenter set up a model so that the lamps were off (the degree of
illumination on the surface of model: below 0.11 1x). When the experi-
menter called a sign, the lights were switched on by the timer for 5
seconds, in which time the subject memorized the contents of the display.
During 30 seconds after the lights were turned off, the subject verbally
recalled the contents he had memorized. After the 30 seconds, the lights
were again turned on for 5 seconds, during which the subject memorized
the same displayed contents and again orally recalled it after the lights
were turned off. 1In this case, since there was a possibility that the

subject either had a different memory from the first one or had fogotten



the first one, the subject was asked to say everything he had memorized.
After the second answer, the experimenter set up the next model.

As described above, the contents memorized were measured in the
order .determined by the latin square method for each subject. In addition,
the observation distance and the like were the same as in-expériment (1.
However, in experiment (II), the EOG electric terminal was not attached
to the subject. ‘

(3) Subjects | | - - /82

The subjects were 5 pilots, all males, age 23 - 33 years old (the
average age 26.2 years old), who did not participate in experiment (I).
Their flying hours were 410 - 1,300 hours (the average=796 hours).

(4) Recording of the Memory

As in experiment (I), each subject had the displayed contents
explained to him, and was instructed to memorize, in the order of
the contents, what -he thought was the most important at the time of
landing. The contents recalled by the subject were taperecorded,
and the time that the lamps were switched on and off and the audio
signals of the subject's voice were recorded into the pen-drawing
oscillograph to be analyzed later.

The experiment took 30 minutes per subject including the explana-
tion and the training.

(5) Result

Figure 3 shows the mean values of the percentages of correct
answers to the two 5 second-presentations per condition among the 5
subjects. In the second 5 second-presentation (total 10 second-presen-
tation), due to the differences in the models, namely the differences
in the degrees of difficulty, different results were obtained. Condi-
tion 1 got about 8 correct answers (88.87) among 9 items, whereas condi-
tion 8 got only 4.4 correct answeres (48.87%) on the average. Moreover,



after the second 5 second-presentations, on the average, condition 1

got 9 correct answers (100%), while condition 8 got 6.4 correct answers
(71.1%). The result of the analysis of the variance in the percentage

of correct answers is shown in Table 3. For both 5 second-presentations,
a statistically significant difference was recongnized only in the differ-
ences among the conditions of the models.

The number of missed and erroneous items of the models for all 5
subjects are shown in Table 4. The number of missed items decreased /83
after the second presentations from the first ones on the whole.
Particularly, condition 1 was not missed at all after the second pres-
entations as described before. 1In genera1,>there were more errors for
the items which included digital information such as GS, whereas there
were fewer errors for the items of analogue information such as error
in speed. However, since the subjects were instructed to memorize from
the items that they thought the most important, GS, which is not so
important, may have been hard to memorize,

CONDITION 1

CORRECT (%) 0 20 40 60 80 100
Kesponse (%) -

[] 1ST 5 SECONDS , [EEEE 2ND 5 SECONDS

Fig-3 Mean percentages of correct—responded items of the models used io Exp.

I.



Tab. 3 Analysis of variance in the
percentages of correct—responded items

in Exp. II.
(1) 1ST 5 SECONDS

SV SSIDFIMS Fe
Subject | 1736 4 | 434 | 2881
Sequence | 816 | 4 | 204 | 1.354
Condition | 4816 | 4 (1204 | 7991**
Error 1808 |1 2| 151
Total 9176 |12 4
(2) 20D 5 SECONDS

SV SS |IDFIMS Fe
Subject | 1496 3.74 | 2539
Sequence | 776 194 | 1317
Condition | 2536 634 | 4304°
Error 1768 |1 2| 147
Total 6576 {2 4

m P<.05 , xw P<. Ot

Tab. 4 The number of missed and erroneous items of the models in Exp. II
(for all 5 subjects ).

Condition | DH | GS | TAS [ALT |Pitch | Bank | Speed {GSiopelCarse | 3

1 1st] 2 2 1 5
2nd

2 1st] 2 3 2 1 3 1 1 13

2nd 1 1 2

6 1st] 2 3 | 4 5 3 2 1 20

2né | 1 3 1 2 1 8

7 1st 2 4 3 4 3 2 1 1 3 23

2nd] 2 1 1 1 2 1 1 2 11

8 1st}] 3 4 1 4 4 2 1 2 2 23

2nd 2 3 3 2 1 1 1 113

Z 1stj 11116 )] 1015} 13 7 3 3 6 84

2nd} 5 7 6 514 2 1 1 3 {34




III Review

The attempt to reduce the workload of airplane pilots by computer
processing airborne instrument information through CRT can be said to
originate from HUD (Head Up Display).

The major cause of the reduction in the workload can be found in
the lightening of neurophysiological burdens such as adjustment and
convergence, accompanied by the movement of both eyes, and the burden
on the nerve center, by expediting comparison and examination of major /84
information. However, we can not assert that there is no problems forx ‘
these merits. For instance, the affect of VDT (Visual Display Terminal)
using CRT on human visual function is becoming a grave social problem.
Moreover, as for the burden on the nerve center, as long as there is a
limit in human capacity to process information, it is not easy to £find
an adequate method in relation to the amount of information.

In examining the human information processing capacity in terms of
short memory of the displayed contents, as in this article, there are
‘aspects which can not be understood by generally examining the merits
and demerits of digital and analogue information. That is, it is
necessary to express a visual stimulus in which digital and analogue
information coexist as an amount of information in an actual numerical

value.

The amount of information that can be processed by a human being
was mentioned by Oestreicher, H. L. (1967)9) and Sakkit, B. (1972)10).
However, their analyses were based on the excitement of wvisual cells
and photons as units, and are not suitable for an analysis on the macro
level as in this experiment. Therefore, we attempted to analyze and
examine it based on the amount of visual information in a more practical

situation.

By the way, it is desired to fix the time in which a stimulus is
presented. For instance, in experiment (I), the subjects were all
instructed to memorize as quickly and accurately as possible, though
in fact there were subjects who memorized fast and subjects who did

10



not and the former tended to make more errors. The trade off between
time and accuracy like this was recognized in the conditions of the
models. Despite condition 5 being memorized very fast, it got more
errors. This is related to the personalities of the subjects and is
itself avery interesting subject. Nevertheless, since it does not
relate to the objective of this analysis, it will not be discussed
further.

It is very difficult to estimate the amount of information that
was actually processed at the nerve center, when there are treacherous
memories, and variations between individuals in the time needed for
memorization itself. On the other hand, in experiment II there was
not much recognizable difference between the subjects. Therefore,
the main object of the analysis is the result of the study of the
memorized contents.

Among conditions 1,2,6,7, and 8, both conditions 1 and 2 had no
deviations between the items set by ILS, having the same analogue
information and different digital information. On the other hand,
for condition 6,7, and 8 both digital and analogue information become
gradually more intricate. In order to measure and compare the amounts of
information, the displayed contents were converted into the value
equivalent to bit (hereinafter referred to as bit).

There are two kinds of readings done by a pilot: check read, which
is to confirm that the indicated value is the fixed wvalue, and read out,
which is to read the indicated value. Since the subjects already knew
that the experiments were set up at landing using ILS, they could
presume that DH should be about 100 - 200 feet, GS and TAS should be
about 100 - 200 knots. Consequently, the check read should be to
confirm that the numerical value at the 100 decimal is 1, and in this
case the amount of information was calculated thus: whether 0 or not
(1 bit); if not 0 then which one of the other 9 kinds? (3.2bits). By
the above mentioned calculation, for instance, 100, 150, 148 become
3, 6.2 and 9.4 bits respectively. However, concerning ALT, there is
a pdééigiity for the 100 decimal to change variably. Therefore, for
ALT, the 100 decimal is 4.2bits, and 10 and 1 decimals are calculated

11



‘as for DH and the like.

On the other hand, concerning the analogue-digital information such
as pitch and the like, the amount of information was calculated as
follows: whether above 0°, at 0° or below 0° (1.6 bits), if above 0°
whether it is 10° or 20° (1 bit); or whether it is between those values
(1 bit); or whether it is between half of those values (2 bits).

Furthermore, concerning the pure analogue information such as error
in speed and the like it was calculated as: whether it is slow, normal,
or fast (1.6 bits); if it is late, in what degree (2 bits). The amount
of information calculated in the way mentioned above is shown is Table 5.

As seen in Figure 3, variances in the number of items memorable to
the subjects due to the degrees of difficulty were recognized. However,
the observation time was fixed at 5 seconds each before and after the
30 second-interval. The time, 5 seconds, is proper for the time for the .
pilots eyes to stay on the airborne instrument during the flight. The /§5 .
amount of information to be processed during this period would be the
same, even under different conditions. That is, it can be thought that
the degree of difficulty x the number items memorized = a fixed value.
Therefore, Figure 4 shows the amount of information that can be processed
by all subjects, if the contents of each are converted into an amount of
information. The whole amount of displayed information is indicated in
the upper row in each colum of conditions. As we see in the calculation
result in Table 3, it becomes gradually more difficult from condition 1
to 8.

However, among them, the items which Were processed within the first
5 seconds (middle row) had reduced conditional variances, different from
the number of items, whose amount of information is 112.16 % 12.68 bits.
If the parts of an item are correct, as in the case in which 450 feet was
answered for ALT 350 feet, if the 10 decimal and 1 decimal are assumed to
have been processed, it would become 131.48 ? 9.65 bits with the adjustment
for the correctly answered parts.

The figures in ( ) indicate the number of subjects who answered

12



Tad. 5 Amounts of quormauon of static models used in Exp. I (value
equivalent to bil).

Condition | DH | GS JTAS |ALT |Pitch| Bank | Speed |G Slope{Course
Content] 100 |150}150(100} 0" | O

: Noma! {Nomal [Nomal
Value 30y 621 62} S3) 16| 16) 16| 16 16
, | Coment 150 {150]1551300{80p | ©° | N | N | N |
vawe | 62| 62| 94| 53| 36| 16| 16| 16| 16

‘ Content | 110 |1501145{350| 0° |SRaut| N | N |Left

vive | 62| 62| 94| 85| 16| 46| 16| 16| 36

; Content | 140 {140 135|420 |7°U. | SLeft| Slow | Above |Right
valwe | 62| 62| 94| 85| 56| 46| 36| 36| 36
Content] 130193208852 |2Down| 3°L. | Fast | Below| L.

8 .
vale | 62| 94| 72]117| 56| 62| 38| 36| 36
BN PRESENTED
TION
conp! 15T 5 sEconos [ 11 PROCESSED
! 2ne g qu.wm
PARTIALLY
\ CORRELCT
RESPONSE
2 PERFECT
RESPONRSE
ONLY
6
;
8
: 0 200 300
AMOUNT © 100
 OF INFORMATION VALUE EQUMALENT TO BIT

Fig.4 Amounts of information presented and processed in the models of Exp.lI.
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the 9 items perfectly within 5 seconds, and 2 subjects answered the all

9 items perfectly for condition 1. This means a surplus of processing
capacity at the nerve center. Consequently, the value of the above
processable amount of information increases. However, it is surmised that
130 bits/5 subjecjts = about 25 bits should be the processable amout of
information for an individual.

As for the processing capacities after the second 5 second-presenta-
tions, there are seeming variances between conditions. However, it can
be known from the numerical values in ( ) that all the subjects gave
correct answers to condition 1, although they all missed condition 8.
Accordingly, they could easily process condition and 1 and 2, and were
ready for more. The amount of information that was processed for condi-
tion 7 and 8 was anout 200 bits/5 subjects, from which about 40 bits can
be infered as the processable amount for a subject. /86

If the amount of information that can be processedis proportionate
to time, the amount processed in the first 5 seconds and that in the
second 5 seconds should be the same. However, the ratio is 25:40-25+5:3,
and it shows that a fair amout of information processing and memorization
were completed in the first 5 seconds. Perhaps, the second 5 seconds
were spent for things like checking the memories with. the contents of the
model. Therefore, it can be thought that the memorizing capacity in-
creases in a negatively accelerated way in the course of time.

According to the study done by Sperling, G. et al. (1971), the
number of letters that can processed stays as 7 letters, and the number
of letters has no relation to the amount of information conveyed by the
letters. However, in observing the capacity to process relatively
complicated information within two 5 second-presentations, with an in-
terval that is close to the limit of so called short term memory as in
this experiment, the meanings of the displays, i.e., the amount of infor-

mation,is thought to have a part in the information processing

For the study of the impact of this amount of information on a
dynamic activity like controling an airplane, a wider scope of study,

including the theories of information and cognition, will be needed.

14



IV Summary

Refering to the integrated instrument EADI, with which the B-767
will be equipped, the following two experiments using the static models
of the instrument for landing with ILS, were conducted.

Experiment I: The time to memorize, as quickly and perfetly as
possible, the contents of eight models whose degrees of difficulty vary.

Experiment II: The contents of five models to be._mémorized, whose
degrees .of difficulty vary, . were -measured within two 5 scond-presenta-
tions with a 30 second-interval.

The main results were as follows. /87

1. In Experiment I, the average time to memorize the contents of models T
varied from 11.1 seconds to 67.9 seconds according to the relative
difficulty of the models.(p<0.01).

2. Some subjects memorized the contents faster than others (p<0.01). The
faster the subjects memorized the contents, the more errors they
‘commited.

3. In Experiment II, there was .a significant difference not among sub-
jects but among models as regards the number of memorized items.

4. Generally speaking, the analogue information could be processed and
memorized faster than the digital information concerning the number
of correctly responded items.

5. The differences in the processed and memorized amount of information
equivalent to bit were very small among the models. Information
processing capability is estimated to be approximately 25 bits
(equivalent) for the first 5 second-presentation, and 15 bits
(equivalent) for another 5 second-presentation after a 30 -second-
interval.

6. The phenomena mentioned above suggest that the information processing
capability increases due to the exposure time with negative accelera-

tion.

We thank Mr. Furya and Mr. Ono (technical officers) for their cooper-
ations in the study.
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