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This report presents work which was performed under the Joint
Army-Navy Aircraft Instrumentation Research (JANAIR) Project,
a research and development program directed by the United
States Navy, Office of Naval Research. Special guidance is
provided to the program for the Army Material Command, the
Office of Naval Research and the Bureau of Naval W-.apons
through an organization known as the JAAIR Committee. The
Committee is currently composed of the following representatives:

U. S. Navy, Office of Naval Research
CAPT J. D. Kuser

U. S. Navy, Bureau of Naval Weapons
CDR vl. A. Engdahl

U. S. Army, Material Commwand
Mr. Len Evenson

The goals of JANAIR are:

a. The Joint Army-Navy Aircraft Instriumentation Research
(JANAIR) project, is a research project, the objective of which
is to improve the state of the art of piloted aircraft instru-
mentation.

b. The JANAIR Project is to be responsive to specific
problems assigned, and shall provide guidance for aircraft-ins truaentation -research and -aevemopmtt ptotIt-g .

c. The JANAIR Project will conduct feasibility studies
and develop concepts in support of service requirements.

d. These efforts shall result in reports and the know-
ledge to form the basis for development cf improved instru-
mentation Systems, components, and subsystems.
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ABSTRACT

The study reported in this document was an experimental approach
to the comparison of visual free time that results in the pilot
Lask when flying standcrd instruincnts and when flying the
contact analog vertical display. The investigation was con-
ducted under the direction of the Joint Army Navy Aircraft In-
strumentation Research Program and funded under ONR Contract Nonr
1670(00). The standard instrumientation used in the study was
an instrument panel composed of an airspeed indicator, an
altimeter, a compass, an attitude indicator, a rate of climb
meter, and a cross pointer position indicator. The contact
analog vertical display investigated was built to Bell-JANAIR
specifications by the Norden Division of United Aircraft Corpo-
ration for the JANAIR program. The task, performed in the Bell
Helicopter Company dynamic flight simulator, required pilot Ss
to fly a command altitude, heading, course, and airspeed. This
was performed with both flight display systems. In addition,
the pilot was required to read digits which were programed to
appear on a separate display at varying rates. An index of the
Svsi LuaL~inet v-i la-b was obtehed--by-the-abt-litrt e adtohe
digits in addition to performing the flight task0

Measures of performance included absolute integrated error
scores of airspeed, altitude, heading and track deviations.

Results indicate that, in general, under the control condition
(no digits) and the slowest reading rate condition (80 digits
per 3 minute period) no statistically significant differences
in perforimnce scores existed on the two display panels. As
the reading rates increased progressively to the fastest rate
(360 digits per 3 minute period) performance, in general, on
the vertical display remained relatively stable, while per-
formance error scores on the standard instruments increased
proportionately with increased reading rates.

A discussion of the results is included,
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!I iu-Tit by inst reint fIght rules 111R) utIizin the Standard
tliht instruments is one of the most exacting tasks in the
repertoire of human performance. It currently involves the
,ollection of data from a variety of flight instruments. Thesedata are then interpreted through some cerebral mixing process

and subsequently a relationship of the pos tion and attitude
ot vehicle in three dimensional space is obtained and the
pilot responds to this information.

The visual displays of the standard flight information on the
instrument panel and the resulting mental picture are quite
different. in order to formulate one from the other requires
a time period up to several seconds. This changes with practice
so that with experience the pilot is able to reduce it. Never-
theless, a time lapse exists which is of paramount importance
in the precision of control of aircraft. During letdowns and
"break outs" from an overcast the visibility at cloud base is
often poor and visual reference with the ground is intormittento
In such a condition the pilot cannot forsake the instrument
scanning technique and transfer to the full pictorial display
of the contact world. If he dtes then these few seconds which
it takes him to regain his IFR orientation in the event he re-
enters lFR conditions causes him difficulty In navigation and
control. Accident data indicate this as a distinct problem in
flizht Experienced-pilots know that-partial --PR is not pos- ..
sible. To attempt it is to invite trouble.

The JANAIR flight instrument system was conceptualized and
developed in the hope that the difficulty in interpreting the
conventional displays, as outlined in the discussion above,
could be reduced. The pictorial vertical display should pre-
sent cues similar or identical to those used on flight by
visual reference to the ground (visual flight rules, VFR).
This type of display should then elicit performance which is
fully learned or stereotypic of the pilot's normal flight
responses, The perceptual shift or time lapse between two
types of flight cues (VFR and standard IFR instruments) should
be eliminated.

The literature indicates many advantages in this type of display.
Grethe, in 1947, indicated the superiority of pictorial displays
over symbolic displays. Ritchie (1955) has defined and dis-
cussed the advantage, of an integrated display, i.e. one in
which vehicle performance parameters. which are often segregated
for display, are present ed so that the operator may respond
to the dual or multi-channel information with a single response
movement.

If the pictorial displays incorporate such art "integrating"
feature, then it may be rationalized that the time to interpret



the display and izespond will be less with the pictorial display
than thaet which :s needed for the segregated information pre-
se utation.

The 'real world" pictorial presentation of VFR flight may be
interpreted as such an "irtegraLed" display. The JANAIR contact
analog may also be defined as such a display.

With a pictorial display it may be true that the experienced
pilot does not have to respond to each individual presentation
of information He is not required to obtain his inform ation
indiscrete places. He, therefore, may have additional or
7.nused visual scanning time

Some evidence is available to indicate that full use is made of
the pilot's perceptual procets with the standard IFR flight in-
struments. Studies have been conducted where eye movements of
pilots were photographed in flight. Eye movements under a
number of different conditions are reported by Fitts, Milton
and Jones in a series of nine reports. Gainei and Rosinia
(1962) later reported on pilot eye fixations in flying selected
maneuvers using two different instrument, panels.

The data from these studies indicated that there is a fantastically
high frequency of cross checking necessary during all segments of
standar& instrument flight and very short eye fixations per in-
stZrument. The pilot's visual capAbities, in these conditions,
are utilized corpletely.

A process of determining information sources and fixation tLe
such as those reporte& would be impracticable with a pictorial
display- auch-as te--JAAII -ontact analog a -Thetni: iduall
source of flight information was not so much of interest to this
program as was the ability of the pilot to perform in an equal or
superior fashion2 thus to learn of his capability to receive
other information or duties. This study was directed at answer-
ing such a question, L.e., what is the percepttal work load im-
posed on the pilot using the JANAIR flight display as compared
with standard flight instruments.
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11. TASK \'ARIA3LBS

Ihe criterion imposed upon instrument flying requires the air-
craft operator to assimilate a host of information displayed
before him on an instrument panel reflecting the aircraft's
momentary situation. The manner in which this informetion is
utilized varies from one flight maneuver to another, as does
the visual scanning pattern and the time required to assimilate
information.

When an effort is made to evaluate selece instrument display
systems for flight capabilities, assumptions of display validity
are interpreted from the flight performance measured on selected
flight tasks that are representative. In this study a cruise or
straight and level task was selected. Performance data on two
display configurations were collected until equality was *ilndi-
cated. Display effectiveness was then measured on,,the ability
to maintain performance and accept addLtional task loads.

Basic Task Criterion

The selection of a realistic criterion for. instrument flight
standards for display evaluation is somewhat arbitrary. A numuber
of factors must be considered, among which are: (1) the level of
training of the Sa, (2) amount of prior -ihstrument time brought
into the experiment by the Ss, (3) difficulty in the.control of
the vehicle (either inherent or imposed by forcing functions ,

etc. In order to satisfy a realistic criterion, the F.A.A.
standards for an instruent flight rating were selected, Theae
st ulate -thetpr cient -per-f-o a e . .t. ........n......
certain flight parameters must be iet before instrm-Pent flight
standards have been satisfied. The Federal Air Regulations fo
demonstration of aeronautical skill for straight and level
flight on instrtuents is performance within +10 degrees of proper
heading, ±100feet in altitude and tlknots in airspeed (Flight
Instructors Handbook). In the present stuxly pre-t-est data
indicated that Ss could control the simulated aircraft within the
prescribed limits of +5 degrees of proper heading, +50 feet alti-
tude and +5 knots airspeed. This criteria was therefore selected.
Ss were required to meet it using both the standard panel and
dhe JANAIR flight display. The criteria for this study was
thus more stringent then F.A.A. minimums.

Prior to the experiment proper, the Ss practiced the task until
they were consistently performing within the criterion for
altitude, airspeed, heading and track on each instrument display
system. Track on the verti cal display was presented in the, for,
of a flight pathway. On the standard instrumentation system it
was presented on a cross pointer position meter. The criterion
limit for each display system was +50 feet lateral deviation
from the desired track.
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Once proficiency was demorstrated by each S or the basic Lask
of holding altitude, airspeed, heading and track, he was con-
sidersd trained to participate in the experiment proper. Demon-
stration of proficiency was ascerlained by requiring each S to
perform three consecutive 3 minute trials within the criterion
limits on each of the parameters on each instrument display
System.

D igit Readn ates

in evaluating standard instruaentation with the contact anaog
it _waa neceazaary to devise-a -quantitative n eth&d for- .auring
the visual free time which the Ss could devote to an 2dditin&I''
task while performing the basic instrument flight task. Several
possibilities of an sdditional task to be performed wire eam-
ined. A method was needed which would require eyo-pure for each
S and :would not perirt the S to draw upon learned word formation..
The method selected riquireJ the Sa to ceaduritary..digits, pre-
sented in a random fashion on a 'iiie tubeu"sat"vrious rate..
On each of the various reading rates exposure time was held
constant at .:. aecond'., The vtrious readcing rates 'were defined
assthe intervat between the presentation of the digits. The
total nuber of digits to be read during' a 3 minute trial was
thus a function of the interval of time bet ween the preentatio-
of the' digits. .

The various reading rate9 were as follows.

Tot.al No. ?resent~d
Condition Interval Between No. (Sec.) Per Ti'ial

A
B 1.75 80
C 1.0 1'20
p .4 200
E 0.0 360

Condition A served as a control condition in which no digits
were presented.
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II. EXPERIMENTAL APPARATUS

The experiment was conducted in the Bell Helicopter Company
Flight Simulation Labo.ratory using the dynamic flight platform
which was programed to simulate helicopter motion characteristics
in pitch, roll, yaw and "heave". The equations of moton used
in the study represented the movement of a Bell UH-rA helicopter.
An analog computer provided driving signals from the servo actua-
tor of the simulator platform

The sicnulator cabin was equipped with two pilot's seats, situated
laterally adjacent to each other. Each seat was provided with a
collective control, cyclic stick and foot pedals4  The controls
were conventional in configuration, placement and function. The
simulator cabin also possessed the features of cabin vibration
and engine and rotor noise.

Detailed descriptions of the platfom are found in Willis (1960,
-1962) and Fedderson (1962). The equations of motion were derived
from Air Force Flight Test Data (Caldron and Balfe, 1960) and
reported by Kelley (1963).

A. The Contactnao riclDsl

The vertical displaky used in the study was a pictorial encodement
of.the real world. 'The display signal generator system, described
in a Norden Technical Report (1963), provided a variety of inputs
'ir video _fog tP -t tnkl~slj.--Cm ~ue fr
.ation in pitch and roll were displayed in the form of an earth
btabilized horizon. The transformation of earth coordinate posi-
uiots it appropriate display screen coordinates were computed
, utilizin6 velocity signals integrated to provide position of the

.grid. From these signals to the grid plane, information with
-regard to heading, translation and. altitude ccul.4 be presented.
A' flight pathway could ba displayed utilizing position signals
computed external to the Norden unit. The pathway was displayed
as an earth atabilized roadway. Perspective cues presented it
as a 24 foot wide pathway terminating at infinity,

Thecockpit display was a 17-inch television monitor which was
masked to provide a 12 by 12 inch image. At a normal viewing
distance of 23 inches this represented a 30 by 30 degree field
of view. The vertical display television monitor was located
int front of tht left seat in the cabin and positioned so that
the horizon line of the display was situated at eye level when
S effected a zero pitch angle. Figure 2 shows the contact
analog vertical display installed in the left hand position
of the dynamic flight simulator. 1o auxiliary instruments were
provided in conjunction with the vertical display for quantita-
tive flight information.
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Command altitude was referenced to the pathway which was
programed 1000 feet above the grid plane. The S, by keeping
the pathway in, its initial condition, could maintain proper
altitude. Airspeed was held at a constant 80 knots by reckon-
ing the closing rate of the pathway tarstrips and by maintaining
the appropriate pitch down attitude. A command heading of zero
degrees was maintained by keeping the pathway aligned to the
center of the display. Course deviation was indicated by dis-
placement from the near end of the pathway to the right or left.
Limits of pathway saturation were- +300 feet in the lateral plane
and +100 feet in the vertical plane. Beyond these limits the
pathway remained at the limit value. The equation for helicopter
velocity along the pathway was VA VNcOSf + VEsir.3

where VN = north component of velocity,
VE = east component of velocity, and
p = conurnand (pathway) heading.

B, Standaro Instrumnent Dispa

Figure 1 shows the standard instrument display installed on the
right side of the simulator cabin. lncluded on the standard
instrument panel were the following instruments:

(i) Airspeed
(2) Attitude gyro
(3) Altimeter
(4) Cross pointer position

(6) Rate of climb.

The same analog voltage used to drive the vertical display pathway
tarstrips was used to drive a panel meter labeled airspeed. This
voltage was proportional to helicopter velocity along the pathway
as opposed to velocity along the helicopter heading.

The artificial horizon on a Lear Model. 4005G remote attitude
indicator reproduced the same information in pitch and rol.l
that was presented on the vertical display. This indicator
was designed for synchro inputs. Since pitch and roll infor-
mation was available in a d-c analog voltage forta, it was
necessary to process these data in a modulator. The resulting
a-c synchro signals were applied to the Lear Model 5405G attitude
indicator amplifier and thence to the indicator. The scale
factor used in both attitude channels was 100 volts/radian.

Altitude data on the standard instrument panel was displayed on
a standard three pointer altimeter. An analog voltage of 64
feet per volt was the driving force,

Vertical and lateral deviation data were reproduced on the
standard instrument panel by an ID453 indicator which is nor-
mally used in an instrument landing system. The vertical

7



needle on the instrument indicated lateral eviation (right or
left) from the pathway. it was driven to fu.? scale by a dev-
iation from the pathway of t50 feet, either laterally or
vertically.

Heading information was displayed by a radio compass indicator,
which in turn, was driven by a synchro signal from the computer.
Limits of heading change were 540 degrees from the initial posi-
t ion.

-Rate of climb was displayed on a panel meter calibrated in
hundreds of feet per minute.

C. Nmerical Readout Device

A numerical readout device (Burroughs "Nixie" Tube) and a display
warning indicator (incandescent pilot Lamp) were installed on
the lower right hand corner of each panel. 14 inches to the right
and 14 inches below the center of each display array. These may
be seen in Figure 1. The displacement of the indicators ensured
that the Sa' field of vision be shifted to read the n=bers
presented on the indicator. The nixie tubes were 1/2 inch in
diameter and displayed 3/8 inch numbers. An equipment descrip-
tion of the random nurber generator is found in Appendix A.

8



IV. SUBJECTS

Ten Ss participated in the experiment. All were employees
of Bell Helicopter Company. Each S was either a helicopter or
fixed wing pilot or had extensive previous experience in per-
forming tasks in the dynamic simulator. Each was thoroughly
familiarized with both the contact analog vertical display and
standard instrumentation and was proficient in operating the __-dynamic simulator.

0%



V. PROCEDURE

A. Task and Tri-ning

Prior to the initial training trial on each display the vertical
display (VD) and the standard instrument panel (SI), instruc-
tions (Appendix B) were read to the S, stating that the purpose
of the experiment was to dattermine the -visual free time afforded
by each display while performing a tracking task tmaintaining
Odegree heading, 80 knots airspeed, 1000 feet altitude, and
course along a given flight path. Each trial was initiated with
controls positioned for the proper airborne attitude under these
simulated flight conditions.

During the training or pre-test phase, each S was trained on
three minute trials until he performed the tracking task within
a predetermined critrion on three successive trials on each of
the two display systems. The criterion was established on the
basis of modified FAA instrument flight standards, pre-test
findings, and computer scoring capabilities, and is as follows:

Paramleter T ask reuirement Tolerance

Airspeed 80 knots +5 knots
Altitude 1000 feet T50 feet
Heading 0 degrees T5 degreesilhiht Tth On pathway -kSO-feet (-latra 1)

Ss were infortmed when they had reached the desired level of pro-
ficiency and were sufficiently trained to enter the teating phase
of the experiiment0

B. Dlst Sessions

Two test sessions, each consisting of 10 three minute trials were
conducted for each subject. Prior to the first session, instruc-
tions (Appendix C ) were read to the S which emphasized a
primary task of reading a series of numbers presented at a given
rate on a nixie tube located at the lower right of the console
panel.

The rates were exhibited to the S for a period of 30 seconds to
familiarize him with the various time intervals and the exposure
time of the numbers. The S was requested to read the numbers so
as to be audible to the E. The primary task of reading each and
every number was re-emphasized to the S and he was asked if there
were any questions. The first trial of each session was a ;warm-
up'" to re-establish a feel for the system's dynamics. No numbers
were presented during this practice trial Following this, five
test trials were run on one of the displays, e.g. the vertical
display, in a pre-determnined sequence for rate presentation,

in%



Thereafter, five trials were run on the ether display, in this
case the standard instruments, with this sequence reversed. The
second test session was designed to counterbalance the display
presentation of the first session while maintaining the reversed
sequence of rate presentation as set forth in Session 1.

In this manner, a counterbalanced sequence for rate presentation
and display presentation was established. The foregoing expla-
nation is illustrated, by S, in Table 1. This counterbalance of
presentations was introduced to minimize the effects of practice
and fatigue on performance. A two minute interval between trials
allowed the E time to record performance scores, note reading
errors and instruct the S in repositioning of controls for the
next trial. The display not being utilized was disengaged and
panel lights turned off. Information pertaining to individual
performance was withheld from the S until completion of testing.

C. Measures of Performance

Deviations from the standard were recorded as absolute integrated
errors. These scores were reflected as numeric scores and were
read directly from five channels of the integrator: airspeed,
altitude, heading, lateral right and lateral left. If, in reading
the various rates, the n=mber of errors exceeded 10 per cent of
the total numbers presented, the data acquired were considered
invalid. This condition occurred only once and was rectified by
reruning the S on the trials in which his errors were excessive

D. Method ofAals is

The four dependent variables were subjected to statistical tests
of significance0  The method employed was the parametric multiple
analysis of variance from which an F test could be computed.
For the main effects of displays and reading rates which yielded
significant F ratios, Duncan' New Multiple Range tests were com-
puted to test for significance of factor differences (Edwards,
!960).



Table 1. Order of Presentation of Test Conditions

i VD A B C D E SI E D C B A
2 Si B C A E D VD D E A C B
3 VD C D E A B Sl B A E D C
4 Si D E B C A VD A C B E D
5 VD E A D B C SI O B D A E
6 SI E D C B A VD A B C D E
7 VD D E A C B SI B C A E D8ST VD C D E A B

9 VD A C B E D SI D E B C A
10 SI C B D A E VD E A D B C

u b1ect Trials Trials
No. Dsly 12 45 Dipa 12 34 5

1 Si E D C B A VD A B C D E
2 VD D E A C B SI B C A E D
3 Sl B A E D C VD C D E A B
4 VD A C B E D Sl D E B C A
5 sl C B D A E VD E A D B C
6 VD A B C D E Si E D C B A
7 SI B C A E D VD D E A C B
a VD C D E A B SI B A E D
9 Si D D E C A VD A C B E D

10 VD E A D B C Si C B D A E



VI. RES JLTS

The results of the experiment are presented in the form of
Absolute ILteg, ated Errors (A') of command heading, altitude.
airspeed and course. Parametric analyses of variance were run
on each of the four dependent voriables to test for treatment
mean differences for each Displays and Reading Rates and the
interaction of Displays and Reading Rates. The number of ob-
servations were equal in each of the various treatment groups.
The main effects of Displays and Reading Rates were submitted
to F tests for over-all mean differences. The F test being very
insansitive to non-normality and with equal N's being also in-
sensitive to variance inequalities, violations of the assumption
of homogeneity were ignored as possibly affecting the sensitivity
of the F test (Box, 1953).

In each case where an F ratio was computed, the over-all treat-
ment mean differences were accepted as significantly different
if the .01 level of confidence was achieved, i.e., the acceptance
of chance occurrence of the treatment mean differences was
restricted to one time in 100. In those cases where a signifi-
cant F ratio (P > .01) was found in the analysis of variance, a
Duncan's range test was computed to test for individual treatment
mean differences. Again, the .03 level of confidence was accepted
as reflecting significant enan difierences for~tachvf the mean
comparisonst hus restricting a chance occurrence of the mean
differences to one time in 100.

The following results were obtained.

1. Altitude - Fi1gure 2 is a graphic representation of the
mean AIE 5fat~tude. It can be seen that under 0 Reading Rate,
where no digits were presented (RR.-0) that performance on VID
and SI was relatively close but as the reading rates increased,
the A IE on both VD and S I increased. The increase in errors
tended to be greater on SI than on VD.

Reults of an analysis of variance run on the altitude errors
are found in Table I , Appendix D. The analysis revealed that
the over-all meat differances in Rates were statistically signi-
ficant at the .01 level of confidence. The over-all main effects
of Displays was not significant nor was the interaction effects.

Since the F ratio altitude errors under Displays did not approach
the .01 level of significance, the mean errors of Vand Siunder each
of the five reading rates were summed together. The summed mean
err-or-s for the five reading rates were submitted to the Duncan's
multiple comparison test, To apply the test the reading rate
means were arranged in the order of magnitude, as in Table I
Appendix E. Mean differences were then compared with the signi-
ficant 'uan which were determined by multiplying each sign-7-
cant studentized range with the standard error of the mean.
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The fornula used for computing the standard error of the mean

where S is the square root of the error mean square
of tne~analysis of variance, andn is the number of
observations on which the mean i7 based..

It is seen from Table I , Appendix E , that rates 0, 80, and. 120
did not differ significantly from one another, nor did rates
200 and 360, The only signift.cant increase in altitude errors
occurred thus when going fraom a reading rate of 120 digits per
3 minute trils to reading 200 digits per 3 minute trial,

2. Head in - The mean errors of heading for Si and V-0 under
the five r aid g rates are plotted in Figure 3 'The plot shows
that heading errors were less on VD under each of the five rates.
The plot also reveals that increases in the heading error on SI
were proportionately greater than the increases in error on VD.

The mean errors of heading for the ten Ss were submitted to an
analysis of variance. The sumary of analysis of variance for
heading is shown in Table II, Appendix D . Over-all effects
of Displays and Rates, it is seen, wer2 each significant at the
.01 level of confidence. Also, a significant interaction effect
was revealed by the analysis.
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The ten individual treatment means of heading error were arranged
in the order of magnitude and the Duncan's range test applied..
The test for mean differences is found in Table I1, Appendix E
No significant differences were found to exist in mean heading
errors of VD for the 10 Ss under Rates 0, 80 and 120, nor under
Rates 200 and 360, but a significant increase was found in the
heading errors when going from Rate 120 to 200. There were no
significant differences in heading error on SI under Rates 0
and 80, but Rates 120, 200 and 360 were each statistically dif-
ferent.

3. Airspeed - A graphic representation of the mean airspeed
errors for ten Ss is found in Figure 4 It is seen that under
Rates 0 and 80 The airspeed error was greater on VD but under
Rates 120, 200 and 360 theairapeed errors became greater on Si.
It is also seen that the increase i. errors was proportionately
greater for the Si than for VD as Rates increased.

The summary of an analysis of variance for the airspeed is
foland in Table III, Appendix D . The analysis reveals that
Displays, Rates and the interaction of Displays and Rates were
each statistically significant at the .01 level of confidence.

The Duncan's test was applied to the mean airspeed errors. The
results of the test are shown in Table II1 Appendix E.
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The results of the test are as follows:

(I) The range of means including SI - 80, VD - 0, and
V - 80 was significantly greater than S1 - 0.

(2) The ranges of means revealed VD - 0 and VD - 80 were
not significantly different, but S! - 80 was signifi-
cantly less than VD - 120.

(3) The ranges of means showed VD 80 and VD - 120 to be
non-significant, and VD - 120 and SI - 120 to be non-
significant, but that VD - 80 was significantly less
than SI - 120.

(4) The means of VD - 200, VD -360, SI - 200 ad SI - 360
were each significantly different when compared with
every other' , condition.

4. Track - Track mean errors of the ten Ss' performance on
SI and VD, as they were affected by Rates, are found in Figure
5. It may be noted that considerably greater track errors were
recorded on SI under each of the five reading rates.

To test for the statistical significance of the differences in
displays and rates the track mean errors were submitted to an
analysis of variance. A summary of the analysis is shown in

16
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Table IV, Appendix 0. Main effects of both Displays and Utes,
it is seen, exceeded the .01 level of confidence for over-adllaw dtffenues -No sign fficatt .in+teraction-was-revealed by

the analysis,

A Duncan's test of the track mean errors on the two displays
under five reading rates is found in Table IV, Appezidix E.
The test revealed that all conditions of track errors were
significantly different at the .01 level of confidence except
in the comparison of VD - 80 with VD - 120 which was not
significantly different at the same level of confidence.

5, Combined - A combined error score was computed by summing
a proportf16n=aeror score in each cell for altitude, heading,
airspeed and track. The proportional error of each parameter
was obtained by dividing the individual error scores in each
cell by the over-all mean for that parameter. TIhis provided a
standard base line for weighting the errors contributed by each
of the four dependent variables. The combined error thus pro-
vided as over-all index of performance on each of the two displays
under five reading rates. The results of combining the four
dependent parameters is graphically illustrated in Figure 6.
It may be noted that the combined mean errors were always less
orn the VD under the five rates and that the increase in errors
as a function of rates was proportionately less on VD

17
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Figure 6.

TO assessL~j ~ oo the ti ema -~tc-o~ine-dmean errors were submitted to F tests for D'splays, Rates andthe interaction of Displays and Rates. The results of thesetests are found in Table V v Appendix D. The over-all =ineffects of both Displays and 'Rates were revealed to be signi-ficant at the .01 level of confidence. It is also noted thatthe F test produced a significant interaction effect of themean combined errors.
Once again, _%e Duncan's multiple range test was applied to the10 tLreatment Means of the combined mean errors of VD and S1under five reading rates to test for the range of mean d1iffer-ences, The results of the test are found in Table V , AppendixE. No differences were revealed among the mean errors for VDunder the five reading rates. For SI errors, It was foundthat Rates 09 80 and 120 were not Significantiy different, andRates 120 and 200 were not significantly different; howeverRate 200 was significanty greater than Rate 0 and Rate 360was s gnificantly greater than Rate 200.

Summary of Results

Table 2 is a summary table of the results of comparing SI andVD mean error differences under each of five reading rates.The table reveals that Rates produced no significant differencestn comparing &'titude errors on % with altitude errors on SI.

18



Table II
COMPARISON OF S IA Th,7ERROR DIFFERENCES

UNIDER EACH OF FIVE READING RATES

0 80 120 200 360
Alt-iMude S MS N MS NS
Head ing ST* S I* St 51* Si*
Track .. 1* S1* Si t  S I1 SI*
Airspeed VD* NS NS 5* SI*
Combined NS NNSS S 1* S1*

NS Indicates Nonrsignificance

Bcth heading and track mean errors were consistently greater on
Si for tie five reading rates than on VD. Airspeed error, it may
be noted, was significantly greater for VD errors under Rate 0,
non-significantly different on Rates 80 and 120, and significantly
greater on SI under Rates 200 and 360. it is seen that the com-
bined mean errors were significantly greater on Si under Rates
200 and 360 than the VD mean errors urder the respective rates.

Table III
COMPARISON OF u Th RFADING RATES
AS REFLECTED BY SI AND VD ERRORS

Rate Com arisona -_
- --Er -- - - -- -------

Heading s0* 120* 200* 360*
Track 80* 20" 200* 360*
Airspeed 80* i20" 200* 360*
Combined NS NS NS 360"
VD Errors

Head ing NS MS 200* NS
Track s0* NS 200* 360*
Airspeed NS NS 200* 360*
Combined NS NS NS NS

NS Indicates Non-significance

Table 3 is a summary of the effects of increased reading rates
of mean errors for each SI and VD. Inspection of the table showe
that the trend of the results on SI was generally to have signi-
ficantly greater error as reading rates increased from 0 to 360.
On the other hand, it may be noted from the table that the re-
sults on VD errxors was relatively unaffected by an increase in
Rates 0 to 120 with a general ircrease in error occurring at
Rates 200 end 360.



Vi1. DISCUSSION

The results ot this study may be considered as a very preliminary
examination of the. visual work load imposed upon the pilot by
two different types of flight displays, the pictorial display
(the JANAIR display) and a series of symbolic or semi-symbolic
displays (standard instrument flight displays). Only one
-min ve-r was examined but the results indicate that a continued
effort in this direction might be expeditious. The distinct
superiority of the pictorial display was indicated. This super-
iority was not in terms of improved performance since this was
not the direction of the study. It was instead in terms of the
amount of visual free time pent itted with one display over that
permitted by another .en performance was equal.

The interpretation .of the phenomena which permitted these results
leads in three directions. The first thesis that might be pro-
posed to explain this suggests that the instrument pilot, when
using a pictorial instrument display, operates like the VFR
pilot, thereby performing with a combination of information
which samples both peneral and specific flight: performance data.
Standard symbolic displays preaent only specific or quantita-
tive information The type of display array currently used
for instrument flight requires continuous and rapid shifting
of the eyes in order to maintain a semblance of continuous
monitoring of each desired. flight performance parame ter. .ice.
trhese dtsplas re of iqntltative nature, they requie a
complex series of mental processes, i.e., time to be read, to be
recorded and to be interpreted. It is logical, therefore, to
assuame that the perceptual channel soon becomes loaded with
this method of monitoring. On the other hand, with a pictorial
display a pilot may select qualitative or quantitative infor-
mation. A large amount of his visual checking time may require
only generalized or qualitative data. From standard instrumen-
tation it is not possible to achieve this information; with
the pictorial display this is possible. It may be ass-med that
the pilot can assimilate the pictorial qualitative information
more quickly than its counterpart.

A second thesis suggests that with the JANAIR type display the
pilot may accuaulate information on more than one flight parama
eter at a glance. This again should be saving in terms of
loading the visual channel.

The third possible explanation for the superiority of the JANAIR
pictorial display may be that it is configured in such a manner
that it may be viewed in the peripheral viewing area. Foveal
vision is not necessarily required. The additional visual task
which was required in this study in order to estimate visual
overload was presented in a remote corner of the instrument
panel in both instrument displays. It was found that peripheral



monitoring of the JANAIR display was possible when foveal vision
was attending the secondary display.

Ine end result may thus be that the pictorial JANAIR display
does not require the same amount of scanning time or visual
channel looding as do standard IFR displays in order to meit-
tain a continuous awareness of each of the flight parameters
with a subsequent equal performance-

The data indicate a strong difference between the two displays
as the additional visual lo-ad increases. Significant differences
were indicated between the two display conditions for certain
performance measures when an', additional visual task was im-
posed. This difference incr'eaaed to include almost all per-
formance measures as the visual work load was increased to the
maximum tested. As the visual load is increased on the standard
panel, performance decrement is significant between presentation
rates. rhis was not the case with the JANAIR display.

The results of this study indicate that further attention should
be directed to the questions: (I) What effect does increased
visual load have on other maneuvers? (2) Can the display be
improved to permit even better performance with additional
visual load? (3) How can the definition of visual work load
be improved? and (4) What is the extent of utilization of the
visual field when employing the JANAIR display?

fm ii



Viii. SUI'ThARY

The study reported in this document compared two instr°ument
panels (the JANAIR vertical display and the standard instrument
flight display) in terms of the amount of visual free time
which was available when performance using these two displays
was equal.

The task was performed in the JANAIR Bell Helicopter Company
dynamic flight simulator. Pilots were required to fly a straight
and level course maintaining altitude, heading, track and air-
speed. A forcing function introduced a rough air component to
this task. Performance on both displays was equated in a testing
period. Criterion was equal to or better than F.A.A. standard
instruiemnt flight criterion. The subjects were then tested to
determine their free visual tne. This was achieved by intro-
ducing a secondary visual task which required an oral reading
of numbers. These were presented at rates varying from zero to
two per second, Performance measures included: deviations
from the standard or prescribed airspeed, altitude, heading
and track in terms of integrated absolute error.

Results indicated that the pictorial JANAIR display was by far
the superior display as the visual work load increased. This
was reflected in the decrement of performance on the primary
ftl-ighrorvtaiuat tast Te pertanannesihg tie rertieat

display remained relatively stable while that of the standard
instruments decreased proportionately with the increased read-
ing rate.

it is hypothesized that these results are due to three factors.
First is the utilization of qualitative information. This
apparently requires more mental processing than does interpre-
tation of standard instrumentation. Second is the integrated
presentation of more than one flight performance parameter. Third
is the ability of the pilot subjects to read the JANAIR vertical
display with peripheral vision.

The results suggest that additional information is desirable
in tems of extent of perceptual work lead which can be assigned
to the pilot when using the JANAIR flight displays.
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APPENDIX A

l."'pmenres-ri ton Random Number Generator

In order t-o control the variables called for by the visual free
time study, a master cont rol venter and time base generator
were designed and built. These two cmponents of the Random
Number Generator (see Figure 7 ) are separately described below.

I. Time Base Generator - A transistorized bi-stable multivi-
brator is used to determine the duration of each numeral to be
displayed to the subject and also to control the time interval
between numbers (see Figure 3). The time base generator is
housed in the smaller of the two sloping panel cabinets shown.
it is necessary to house the generator and control circuitry
in separate cabinets in order to ensure that the multivibrator
will not be triggered by stray magnetic pickup. A rotary switch
on the front of the time generator panel selects one of our dis-
play intervals. The positions and their corresponding times are:

Position Interval (Seconds)

A 1,75
B 1.0
C 0.5
D 0

..... ----- Regardless of-the position of this selector, each numeral is
ON for 0,5 second. Power is supplied to the time base generator
by a 22.5 volt dry cell battery which is controlled by a toggle
switch (ON/OFF) on the front panel.

2. Control Ci1rcuityr - Figure 3 shows the control circuitry
house in t e arger of the two sloping panel cabinets. Con-
trols and indicators and their relate6 functions are as follows:

a. W arning - This pilot light is wired in parallel with the
warn ing Indicators on the vertical display and the standard in-
strument display. This lamp lights in step with the numerals
displayed by the "Nixie Tubes",

b. Numerical Readout Device - For this study only the "units"
tube was utfliT tr oe - the left-hand and middle tubes
were covered. Each individual tube is driven by a rotary stepper
switch, the contacts of which are wired to give a predetermined
sequence of numbers. The units position relay has forty posih
tions, the tens position relay has fifty positions, and the
hundreds position relay has twenty-four positions. Because all
three steppers are driven at the same time, a large number of
three digit numerals could be displayed before the sequence
repeats itself. When using the "units" position digit alone
(forty digit sequence), subjects were unable to detect a repeti-
tion of the sequence.



c. ,Sto- This control, when depressed, removes the drive sig-
nal to the time base generator which in turn controls the readout
devices and warning indircators, Thus it is possible to interrupt
a run should this become necessary. This control also actuates
a relay which controls the flight simulator analog computer.
iiepressing the STOP button effectively places the computer into
the reset mode.

d. InstIVd - This toggle switch controls which numerical read-
out and warning light combination will be actuated by the random
number generator. When the switch is in the INST. position, the
"Nixie Tube" and warning lamp on the vertical display. side are
rendered inoperative. Likewise, when the switch is in the VD
position, supply voltages to the indicators on the standard
instrument side are removed.

e. Selector - As each numeral is displayed, two other stepper
relays are actuated which together count the number of dis pia s
presented during one trial. The steppers are so wired that at
the end of 80, 120, 200, or 360 displays, an automatic STOP
sign -is generated. The SELECTOR switch, by its position,
determines when the random number generator will be commanded
to stop. Position A corresponds to 80 nLmubers, B to 120 numbers,
C to 200 numbers and D to 360 numbers.

f. Reset - The two counting relays described in Paragraph 11C2e
above muarbe manuat4-ree-t after eavt-n. -Deprcssing tie
RESET button places the counting circuitry in the zero position
for the next trial. Also, the number logic relays described in
Paragraph IlC2b do not receive an advance pulse after the last
number in a given trial. Therefore, a manual advance signal to
these steppers is generated each time the RESET button is de-
pressed.

g. Power - Four different volcages are required for the opera-
tion ofthe random number generator: +28 VDC, +300 VDC, 115V
60 CPS, and +22.5 VDC, The first three of these voltages are
controlled by the two POWER toggle switches.

h. Next Number - When this button is depressed the number
display3tFewaster control center comes on in advance of the
next display command signal. Numeral displays in the dynamic
cabin do not come on when this button is depressed, Thus, the
experiienter may monitor the up-coming number. This button is
also used at the start of each trial to assure that the number
logic relays are indeed in the zero position,

i. Start - When this button is depressed, a latching relay
is energized which in turn supplies a drive command signal to
the time base generator. This signal remains present until the
STOP button is deprecsed or the automatic stop signal is gen-
erated.



3. CaIi brat f on

a. Ureuencv olf Calibcation - In order to assure accuracy to
w thin -il' ., the caT lbraionprocedure described in IIC3b is
performed on a daily basis.

b. Procedure -

(i) Disconnect Random Number Generator from Master Control
Panel.

(2) Select program D on the time base generator and the control

panel.

(3) Depress START button on control panel.

(4) Adjust RD on the rear panel of the time base generator
for minimum inter-display time consistent with proper relay
action.,

(5) Adjust, R2 for 180 seconds ±,2 see, program duration.

(6) Select programs A on both panels of the Random Numbers
Generator.

(7) Adjust RA for 180 seconds ±.2 sec. program duration,

(8) Repeat steps (6) and (7) for programs B and C using RB and
RC respect ively0

. AnaloCom uter Setun

i. E uations of Motion - The analog computer is progranmed to
repronce te -respoTe -characteristics of the UW=I helicopter.

2. Scoring

a. Conversion Factors for Absolute Integrated Error - Four
flighT-5 - st at on v e onversion
factors for absolute error scores are as follows:

(1) Airspeed: i knot error for one second is equal to 0,834
volts.

(2) Altitude: I foot error for one second is equal to 0.0163
volts.

(S) Heading: I degree error for one second is equal to 0.735
volts.

(4) Lateral Deviation: 1 foot error for one second is equal to
0.24 volts.



b. Scori n Circuitr - Figure 4 shows the interconnections
between the system and the scoring circuits used to evaluate
suboect response,

5. Calibration (See Figure 4)

A separate calibration is performed daily on the system and on
the scoring circuits . The system checkout is initiated by
placing the operate/calibrate switch in the calibrate position
and the pulse/score switch in the pulse position. (NOTE: During
calibration, the hydraulic power to the platform is removed.)
The setting of these two switches (a) removes the normal pilot
inputs (cyclic, collective and yaw) and substitutes in their
place a standard calibrating pulse (a charge capacitor dis-
charging at a predetermined rate). When the Reset/Compute switc,
is placed in the computer position, this calibrating pulse drive.,;
the various computer channels at predetermined ratio. The cali-
brating run lasts for 10 seconds after which the computer outputs
(which are recorded on a Sanborn recorder) are compared with a
known response curve. In this manner, any malfunction in the
rotor pitch, aircraft pitch, aircraft roll, VX, Ve, heading,
torque or altitude channel will be detected.

To initiate the scoring calibration sequence, the operate/cali-
brate switch is placed in the score position. This applies a
fixed voltage in place of the normal pilot inputs. The sstm
As -tliert-p)l-ced- iii thwzpte cdntion-for-WO seconds and error
scores are allowed to accumulate on the scoring circuits. At
the end of this run, the readings of the heading, altitude, left
deviation, right deviation, airspeed and time counters are com-
pared against known correct readings.

It is important that the system check be performed and found
acceptable before beginning the scoring circuit test inasmuch
as the computers drive both the strip recorder and the scoring
integrators.

6, Method of Programming Airspeed

Airapeed displayed on the standard instrurment panel was velocity
along the pathway.

7. Senitivit, of Pathuwar Deviation Meter - Pathway deviation
on the stan? instrument pane- is iited on an ILS instru-
ient (D 453). The sensiltivity of this instrument is adjusted
so that full deflection of the vertical needle (le~t or right
deviation) isequal to 300 feet of deviation, Full deflection
of the horizontal needle (vertical deviation) is produced by
an altitude error of 100 feet, These sensitivities could have
been adjusted to any other settings The optimum values of sensi-
tivity were deteriined during the preteat evaluation period,
This lateral deviation was chosen to be identical with maximum
Jeviation of the pathway on the VD displey.
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APPENDIX B

Instructions lo Ss -Tainin Trials

You are about to participate in a study to help us determine
which of two aircraft display systems provides the pilot with
the most visual free time while "flying" a command heading,
altitude and airspeed. The two display systems are installed
on the left and right sides of the dynamic simulator and are

*identical with respect to control input and system output. The
difference exists in the means of displaying the simulated air-
craft's situation. In one case, standard aircraft instrumenta-
tion is used to display the aircraft's situation. In the other
case, the same information is presented on the JANAIR vertical
display. In the course of the experiment you will be asked to
perform the same task on both display systems.

[(If S is trained on instruments first read)

You will notice that the instrument panel is composed of six
V standard aircraft instruments. These include an airspeed indi-

cator, an altimeter, a compass, an attitude indicator, a rate
of climb meter and a position indicator. During each trial
your task will be to maintain 0-degree heading, 80 knots airspeed
and 1,000 feet altitude. The_ task wiii-ltlnztideorracting f-or
flTght path deviations using the position indicator.

i:  (If S is trained on vertical display first read)

You will notice that the instrument panel is composed of a TV
screen displaying an encoded representation of the real world
with a pathway. The pathway is situated at a 1000 foot alti-
tude on a 0-degree heading. Tarstrips on the path are spaced
every 30 feet. The rate at which they are passing under you and

1. the pitched down attitude of the ship (indicate) represents 80
knots airspeed. During each trial your task will be to maintain

1,? 1000 feet altitude, 0degree heading, and 80 knots airspeed.
The task will include correcting for flight path deviations using
the position indicator.

TO FOLLOW PRECEDING INSTRUCTIONS.

Each trial will last for three minutes. Prior to the trial you
will be given a chance to position the cyclic, collective and
pedal controls to maintain 80 knots 1000 foot altitude and
0-degree heading. There will be a gust or forcing function to
require you to make constant corrections in the tracking task.

The first few trials may be regarded as training trials. You
are asked to perform your best on each trial; however, do not
be concerned if at first you do not perform the task with a
high level of proficiency.



During the training sesiAons you will have an opportunity to
practice the tracking task on both displays until your perform-
ance meets a crifterion we have established for each display
systemf
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APPENDIX C

Instructions to Ss - Test Trials

On a nixie tube located at the lower right side of the instru-
ment panel we are capable of displaying digits at various rates.
There are four rates at which these digits appear. (Present
each rate to S for 30 seconds and ask him to read them). During
the next series of trials you will be required to read each digit
that appears on the nixie while 'flying' the tracking task you
have learned, i,., holding 1000 feet altitude, 80 knots airspeed

and 0degrees heading. It is important that you read each and
every nunber that appears during the trial. Our ability to
utilize your data depends upon our knowing that you have read
every digit.

Prior to the commencement of each trial, I will. indicate the
rate at which the digits will appear. The rate will remain con-
stant throughout the three minute trial. At the presentation of
each digit a light will be ill-inated just above the nixie tube
to indicate that digits are being displayed.

Let me repeat, you must at all costs read each and every number
at the rate they appear regardless of the produced effort upon
your tracking performance. Otherwise, we will be unable to
utilize the data.

Any questions before we start?
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TA BLE I

SUI-MRY OF ANALYSIS
01 VARIANCE FOR ALTITUDE

Source S S df MS F p

Rates 9 377.19 4 23,844.30 12.86 .0i
D X R 6,773.20 4 1,693.30 .9i
Residual 352,234.86 190 1j5397r ~ ~ ~ 7 otd -- Tg

TABLE 11

SUMM ARY OF ANALYSIS

OF VARIANCE FOR HEADING

Source SS df MS FP P

Rates 45,506,64 4 11,376.66 18.83 .01
D X R 34,385.40 4 8,596,035 14.23 .01
Residual 114,812.89 190 604.27
Total 2b234 199

St hARY OF ANALYSIS
OF VARIANCE FOR AIRSPEED

Source SS Cf MS F P

Rates 36,974.39 4 9,243.60 28.08 ,0].
D X R 14,201.76 4 3,550.44 10.76 .01
Residual. 62 98.87 329.99

TABLE IV

SUt-MIRY OF ANALYSIS
OF VARIANCE FOR TRACK

Source S df 11-S F P

Rates l0,024.4 4 2,506,10 23.86 .01
D X R 492.91 4 123.23 1.76
Residual 19,958.72 190 105.05

To tal



TABLE V

SUMMARY OF ANALYSIS
OF VARIANCE FOR COrBINED SCORES

Source SS df MS F P

Rates 4,704,133 4 1,176,033 8.607 .01
D X R 7,770,868 4 .,942,717 14.219 .01
Residual 25U958,922 190 136 62 6
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TABLE I

D1.JN(AN S rFST APPLIED TO MEAN AIE
OF ALTITUDE FOR FIVE READING RATES

B C D E Shortest
Means 238 9 323.9 926.6 1250.7 _Sftnificant Range

A 155.4 83.5 168.5 R2  343.25

B 238.9 85.0 R3  358.34

C 323.9 602.7 926.8 R4  367°77

D 926.6 324.1 R 5  375.31

A = 0 presentation of digits per 3 minute trial
B = 80 presentation of digits per 3 minute trial
C = 120 presentation of digits per 3 minute trial
D = 200 presentation of digits per 3 minute trial
E = 360 presentation of digits per 3 minute trial

Wen Ri < T- X--2 then H. is rejected at the .01

level of confidence.
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