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- instrumentatien research and development programns.

This report presents work which was performed under the Joint
Army-Navy Alrcraft 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 Weapouns

through an organization known as the JANAIR Committee., The
Committee is currently composed of the following representatives:

U. 5. Navy, Office of Naval Research
CA¥T J. D. Kuser

U. 8, Navy, Bureau of Naval Weapons
CDR V. A. Engdahl

U, 8. Army, Material Command
Mr. Len Evenson

The goals of JANAIR are:

a. The Joint Army-Navy Aireraft Instrumentation Research
(JANAIR) project, is & research project, the objective of which
ig to improve the state of the art of piloted sireraft instru-
mentation.

b. The JANAIR Project i te be responsive to specific
problems assigned, and shall provide guidance for airecrafr ,

¢. The JAMNAIR 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 ¢f improved inatru-
mentation systems, components, and subsystems.
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ABSTRACT

The study reported in this document was an experimental approach
to the cowparison of visual free time that results in the pilot
Ltask when £lying setarderd instruments and when flying the
contact analeg vertical display. 7The investigstion was con-
ducted under the direction of the Joint Army Navy Aircreft In-

strumentation Research Program and funded under ONR Contract Nonr

1670(00). The standard instrumentation used in the study was
an instrument panel composed of an airspeed indicator, an
altimeter, & compsss, an attitude Indicetor, a rate of elimb
meter, and a cross pointer position indicater. The contact
snelog vertical displey investigated was built to Bell-JANAIR
specifications by the Norden Division of United Aircraft Corpo-~
ration for the JANAIR program. The task, perforwed in the Bell
Helicopter Company dynemic flight simulastor, reguired pilot 8s
to fly & 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 & separste display at varying rates. An index of the
visual time available was-obtsined by the ability to read these
digits in addition to performing the flight task.

Measureg of performsnce included sbsclute integreted ervor
scores of sirspeed, altitude, heading end track deviastions.

Results indicste thst, in genersl, under the control condition
{no digits) and the slowest reading rate condition (80 digits
per 3 minute period) no statistically significaent differences
in performance scores existed on the two display penels. As
the reeding retes incressed progresgively to the fastest rate
(360 digits per 3 minute periocd) performance, in general, on
the verticel display remweined relatively stable, while per-
formence error scores on the standsrd inastruments increased
proportionately with increased reading rates.

A discussion of the results 1s included.
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1. INTRODUCT TON

Pliaht by instrument tlight rules (IFR} utiligzing the standard
tlight instruments is one ot the most exacting tasks in the
repertoire of human performance. It currently involves the

collection of data from & variety of flight instruments. ‘'These
Jata are then interpreted through some cerebrsl mixing process
and subsequently a relationship of the pos. tion and attitude

ot vehicle in three dimensional space is obtained ang ithe

pilot responds to this information.

The visual displays of the standard f£light information on the
instrument panel and the resulting mental plcture 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 contrcl of aireraft. During letdowns and
"break outs’ Erom an overcast the visibility at cloud base is
often poor and visual reference with the ground is intermittent.
In such & conditisn the pilot canncet forsake the instrument
scanning technique and transfer to the full pictoriel display

of the contact world. If ne dces then these few seconds which

it takes him to regain hies IFR orientation in the event he re~
enters IFR conditions causes him difficulty in navigation and
control. Ac¢cident data indicate this as a distinct problem in
flight., Experienced pilots know that partial IFR 1ls not pos- ‘
gible. 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 picrorial vertical display should pre- -
sent cues similar or identicagl %o those used on flight by
visual reference to the ground (visual flight rules, VFR).
This type of display should then 2licit performance which is
fully learned or stereotypic of the pilot's normal flight
responses. The perceptusl 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.
Grethex, in 1947, indicated the superiority of pictorial digplays
over svmbolic displays. Ritchie (1955) has defined and dis-
cusgsed the advantage, of an integrated display, i.¢. one in
which vehicle performance parameters. which are often segregated
for display, are presented so that the operator may respond

to the dual or nmulti-channel information with a single respense
movement,

If the pictorial displays incorporate such an “integrating’
feature, then it may be rationalized that the time to interpret




the display and respond will be less with the pictorial display
than thet which is needed for the segregsated information pre-
scutation.

The "real world" pictorigl presentation of VFR flight may be
interpreted as such v "integrated"” display. The JANAIR contact
anzlog may also be defined as such a display.

With & pictorial display it may be true that the exverienced
pilot does notr have to resgpond to each individual preaentatiaﬂ
of informstion. He is not required to obtain his informati
hﬁ&iqcreieaplaceu. He, therefore, may have additionsl or
nnuged visuel scanning time.

Some evidence is available to indicate that full use is wmade of
the pilot's perceptual process with the standard IFR flight in-
struments, Studies have been conducted where eye movements of
pilatm 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. Gainer and Rosinis
(1962} later reported on pilet eve fiwations in flying selected
mgneuvers using twe different instrumenti panels.

The deta Ffrom these studies indicated that there is & fantestically
high f?eﬁuenﬁy of eross checking necessary during all segments of
standard instrument flight and very short eye fiwetions per in-
strument. The pilotfs visual zapabilities, in these conditicns,
sre utilized completely.

A process of determining information scurces and fixation time
such as those reported would be impracticable with & pigtorial
—display such-gs the JANAIR contact asnalog. The individual
aource of flight information was not go much of interest to this
pregram as was the ability of the pilot to perform in an equal or
sup@xlor &ﬂhlﬁﬂ; thus to lesrh of his capability to receive
other information or du“l%ﬁa $h1@ gtudy was elrsct@d at answeyr-
ing such a q@ﬁﬁt;@ﬁ, L,e.; what ls the pe%aapiu&l work load im-
posed on the pilot using the JANAIR flight display as compared
with standard flight instruments.



11, TASK VARIABLES . -

The criterion imposed upon instrument flyving reguires the air-

cratt operator to assimilate & host of information displayed

before him on en instvrument panel reflecting the sircraft's

momentary situastion. The manner in which this informetion is

utilized varies from one flight mancuver to ancther as does :
the visual scanning pattern and the time required to asssimilate -
informaticn. '

When an effort is made to evaluate selected instrument display
systems for flight cspabilities, asgumptieﬁs of display velidity
are interpreted from the flight performance meesured on selected
flight tasks that are representative. In this study a cruise or
straight and level task was selected. Performance data on two !
display ronfigurations were collected until egquelity was indi- A
cated, Display effectiveness was then measured con.the ability
to maintain performance and sccept additional task loads.

RBagic Task Criterion

The selection of a reslistic criterion for instrument flight
standards for display evslustion ls somewhat erbitrary. A number
of factors must be considered, emong which are: (1) the level of
tralnlug of the 8g, (2) avcbnt of prior instrument time ‘brought
into the experiment by the Ss, (3) észlcuTty 1n the . control of

the vehicle (either inherent or jmg@&ea by ‘srelng functiona

etc. In order to satisfy a realistic u?lf&”l&ﬁ§ the F.A.A. :
standards for an instrument flight rating were selected. Iﬁé&é
_stipulate th@tgprﬁxlﬁagﬂlzp@?f@??&ﬁt@’iﬁ’fﬁﬁ“ﬁ&tﬁt@ﬁ&ﬁﬁa BETTTTT
certain flight paramelers must be met before instrument flight
standards have been satisfied. The Federal Air Regulations fo
demonstration of seronautical skill for straight and level

flight on 1n3trumemts is performance within +10 degrees of proper
heading, 100 feet in altitude end 10 knots in aivepeed (F ght :
Instructors Handbock). In the present study pre~test data - :
indicated that Ss could control the simulated ai?craft within the
prescribed limits of +5 degrees of proper heading, 30 feet alti-

tude and +5 knots altspeea. This criteria was therefore selected.

Ss were required to meet it using both the atandsrd panel and

Thie JANAIR flight display. The criteria for this study was

thus more stringent then F.A.A. minimums.

1
L
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7

Prior to the experiment proper, the Ss mr&ctlceu the task until
they were COﬁS7SL€ﬁtly performing within the criterion for
eltitude, sirspeed, heading and track on each instrument display
system, Track on the vertical display was presented in the form
of 2 flight pathway. On the standard instrumentation system it
was presented on & cross pointer position meter. The criterion
limit for each display system was #50 feet laterasl deviation
from the desired track.




Once proficiency was demonstrated by each S or the basic task

of holding altitude, airspeed, heading and track, he wes con-
gider¢d trained to perticipate in the experiment prop Demon -
stration of proficiency was asceriained by requiring each § to
perform three consecutive 3 minute trisls within the criterion
limits on each of the parameters on each instrument display
systen.

Digit Reading Rates

In evaluating stendard ingtrumentation with the contact anslog

_ it waa mﬁﬁﬁﬁaary to devise ¢ -quentitetive method for megguring
the visual free time which the 8s could devote te en asdditignal’
task while performing the bssic instrument £light tesk. Sevaral
possibiliries of an addivionel task to be performed were exam-
ined. A method was needed which would require erpogure for each
S and ‘would not periit the § to draw upon learned word formatian..
The method selected reguired the 83 to read uﬁi?ary-élglt@, pre=
gented in a random fashion on & 'mixie tube' s et verious rvates,
On each of the various reading rates exposure time was held
constant at . secondss The various readi ing vatesy were defined
ag the intervai between the pregentation of the c&glﬁa. The .
total number of digits to be read duvlng 2 3 minute trisi w&s
thus 2 functien of the interval of leg be?w@@ﬁ the pwgqen%at?@n
of th@ digits.

The V&Fl@ﬂ@ re&ding rates were As fsilaws, : S e

gaﬁditi@n {ntarval Betweaﬁ No. ’S@c iy Per Tyial
" ) -
B 1.75 80
G 1.0 126
D o i 200
E 0.0 360"

Condition A served as a controel condition in wh 1ch no dlvlts

were presented.




1f1. EXPERIMENTAL APPARATUS

The experiment was conducted in the Bell Helicopter Company
Flight Simulation Laboratory using the dynamic flight platform
which was programed to simulate helicopter metion characteristics
in piteh, roll, vaw and "heave'. The equations of motion ugad

in the study re?reaentaﬁ the movement of & Bell UH-LA helicupter.
An analog computer provided driving %lgﬁ@js from the servo aczuau
tor of the slmulﬁt@% platform.

The simulator cabin was equipped with two pilot's seats, situated
lateraliy adjacent to each other. Each seat was provided with a
collective control, cycliec stick and foot pedals. The controls
were conventicnal in configuration, placement and function. The
simulator cabin also possessed the features of cabin vibration
and eﬂglne and rotor noise,

‘Detailed ﬁ?QCTi?LZGR& of the platform are found in Willis (1960,

1962) and Fedderson (1962). The equations of motion were derived

from Air Force Flight Test Dats (Caldron and Bslfe, 1960) and
?@pﬁ?r@é by Kelley (1963).

A, The ﬁ@ﬁt&&t Aﬂalag Vertical Disblay

The Vﬁ?tlﬁ&l display used in the study was & pictorial encodement
of the real world. The display signal generator system, described
in a Vorden Technical Report (1963}, provided a variety of inputs
@p’gzd@@, srm to.the eockpit é1@§tagT)ﬁGeﬁ%&%@é—a?fztudaf*ﬁfﬁ?w
wation in ?1tﬁh and roll wers ulgp&ayed in the form of an earth
stabilized horizom., The transformation of earth coordinate posi-
tiorie irte a@ﬁr@prlata ﬁzg@&av sereen coordinates were computed
utllaziﬁg velogity signals Lnt%gr&gaé to pv&vxa@ positfon of the
grid. From these signals to the grid plane, information with
regard to heading, translation and altitude could be presented.
& flight ﬁathﬁay ou*ﬁ be dlsplﬁyed utilizing position signals
computed external to the Norden unit. The pathway was displaved
as an earth stabilized roadway. Perspective cues presented it
ag & 26 foot wide nathway terminating at infinity,

The cockpit display was a 17-inch television monitor which was
masked to provide a 12 by 12 inch image. At & normal viewing
distance of 23 inches this represented a 30 by 30 degree field
of view. The vertical displey television monitor was located
in front of the left seat in the cabin and positioned so that
the horizen line of the disglmy was situated at eye level when
S effected a zerc pitch angle. Tigure 2 shows the contact
analog vertical alﬁﬁiay installed 1n the left hand position

of the dynamic flight simulator. No auxiliery instruments were
provided in conjunction with the vertlaal *lspiay for quantita-
tive flight information.

ﬁ"ﬂ
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Command altitude was referenced to the pathway which was
programed 1000 feet above the grid plane. The £, 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 valus. The equation for helicopter
velocity along the pathway was Vy = VNQOSfﬁ + Vg$iﬂ/3

north component of velocity,
east component of velocity, and
command (pathway) heading.

where Vy
Ve

A

B. Standard Instrument Display

LI LI

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

(1) Alrspeed

(2) attitude gyro

(3) Altimeter

(&) Cross pointer position

- {5)_pirectionsl gyro—

{6) Rate of climb,

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

The artificial horizon on a Lear Model 4005G remote attitude
indicator reproduced the same information in pitch and roll

that was presented on the vertical display. This indicator

was designed for synchro inputs. Since piteh and roll infor-
mation was available in & d-c analog voltage form, it was
necessary to process these data in a modulator. The resulting
a-¢ synchro signals were applied to the Lear Model 5405C 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 displayved on
a standard three pointer altimeter. An analog veltage 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




needle on the instrument indicsted laterel deviation (vright or
left) from the psthway. It wss driven to fu.' gceélie by a dev-
istion from the pasthway of 250 feet, either laterslly or
vertically.

Hesding informstion was displayed by & radioc compasg indicator,
which in turn, wase driven by & synchro signal from the computer.
Limites of heading chenge were 540 degrees from the initisl posi-
tion.

“Rete of climb was displayed on & penel meter calibrasted in
hundredas of feet per minute.

C. Numerical Readout Deviece

A numerical readout device (Burroughs "Nixie" Tube) and & display
werning indicator (incendescent pilot lazmp) were installed on

the lower right hand cornesr 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 indicetors ensured
that the Ss' field of vision be shifted to read the numbers
presented on the indicator. The ninie tubes were 1/2 inch in
dismeter and displayed 3/8 inch numbers. An equipment descripe
tion of the random number generator is found in Appendix A.




IV, SUBJECTS

Ten Ss pertmipat@d in the experiment. All were smplovees

of Bell H%hcopter Company. Easch § waes either s hellcepter or
fixed wing pﬁgat or had extensive previous experience in per-
formmg tasks in the dynamic simulator Each was thoroughly
familisrized with both the contsact &n&log verticel display end
standayxd mstrum@ntatmﬁ aﬁd was profmxent in operating the
~gynamic simulator.

SR
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V., PROCEDURE

A. Task and Training

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 d%ﬁgrmiﬁﬁ,thﬁ,ylsnal fres time afforded
by each display while performing a tracking task maintaining

O~degree heading, 80 knots sirspeed, 1000 feet sltitude, and
course along a given flight path, Sach trial was initiated with
controls positioned for the proper alirborne attitude under these
simulated flight conditions.

During the iralngng or pre-test phase, each § was trained on
three minute trials until he performed the fragging task within
a predetermined criterion on three successive trisls 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:

Pargueter Task Reguirement Tolerance
Alrspeed 80 krnots 3 kuots
Altitude 1000 fest +50 feet
Heading 0 degrees +5 degrees
. Flight Path _  On ?&éhWﬁﬁ—f/m~r4—¢§ﬁ—£gﬁ%f{}g%af§}%fﬁmm~—~~—w—ﬁ

Sz were informed when they had reached the desired level of pro-
ficiency and were sufficiently trained to enter the testing phase
of the experiment.

B. Design snd Test Sesgsions

Two test sessions, each consisting of 10 three minute trials were
conducted for eaeh subject. Prior to the first session, instruc-
tiong (Appendiy C) were read to the S which emphasized a

primarvy task of reading a series of numbers presgented at & given
rate on a nixde tubs located at the lower right of the console
panel.

The rates were exhibited te the 8 for s period of 30 seconds to
familisyrize him with the various time intervals and the exposure
time of the numbers. The S was reqguested te read the numbers so
as to be audible to the E. The primary task of reading each and
every number was r@«@mph&giged to the S gnd he was asked if there
were any gquestions. The first trial of each session was a "warm-
up"” to re-establish a feel for the system's dynamics. DNo numbers
were presented during this practice trisl. Following this, five
test trials were run on one of the displays, e.g., the vertical
display, in 2 pre-determined sequence for rate presentation.

o W}




Trereafter, five trials were run on the cther display, in this
case the standard instruments, with this seguence 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 feoregoing expla-
nation is illustrated, by 5, 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 o record performance scores, note reading
rrors and Instruct the S in repositioning of controls for the
next trial. The display net being utilized was disengaged and
panel lights turned off. Informetion pertasining to individusl
performance was withheld from the $ until completion of testing.

C. Measures of Performance

Deviationg from the standard were recorded zs absolute integrated
errors. These scores were reflected as numeric scores and were
read directly from five chennels of the Integrater: airspeed,
altitude, heading, lsteral right and lateral left. If, in reading
the various rates, the number of errors exceeded L0 per cent of
the total numbers presented, the date acquired were conzidered
invalid. Thie condition occurred only once and was rectified by

?L”Lﬁﬂlﬂg the S on the trzais in which his eITOrs were excessive,

D. Method of Anaiv

The four dependent variables were subjected to statistical tests
of signifi gnce. The method emploved was the parametric multiple
gtalysis of variance from which an F test could be camput%d.

For the msin effects of disp &a?s and r@aﬁ%vg rates which yielded
significant F ratkaag Duncan‘s New Multxp¢£ Renge tests were com-
sgggé to test for significance of factor differences (Edwards,

1 ©

i




TE

Table

Order of Pregentation of Test Conditions

o

g

Trials

Trials

3

ub ject
No.

S

PDisnlay

!

&

1 2

Display

LMONEEO MO
mOOE <0 Um
SR AR R SRR LR T
O o O om0 T <t

B O o O MO0

ey el O b 0 By Oy
DSBS U>>NAD

EDBA@&BCBE
£ B e O 0% 1100 10 ) <
VMmO Eamo
ORI )M

L OO E QMG D

VD
S1
VD

SI
VD
S1
VD
s
VD
St

e~ O Y P WD B U0 O
e

Day 2

T;

rials

Subject

i 2 3 &

Digplay

Display

NG,

HOMmEOLOUaIR
£ o €D R D0
CLWOeQDLEan
RSN e RO R NN A PR SR

o B L0 3 Bl I3 O 80« DD

VD
SI
vD
g%
VD
SI
VD
Si
VD
sI

o 000N B0 O
SRSRaRS R s R g S X
DCHMACCEE0
NRACODOMOO0 <

B O Mg 0 2000 MR

D

ST
5T
VD
ST
VD
Sk
VD
ST
VD

A NGNGB OO
pod




VI. RESULTS

The results of the experiment are presented in the form of
Absolute Integrated Errors (AIE) of command heading, altitude,
airspeed and course. Parametric analyses of variance were run
on each of the four dependent veriables to test for treatment
mean dittererices for each Digplays and Reading Rates and the
interaction of Displays and Reading Rates. The number of ob-
servations were equal in each of the variocus treastment groups.
The main effects of Displays and Reading Rates were submitted
to F tests for over-all mean differences. The F test being very
insensitive to non-normality and with equal N'g btlhg alsc in-
sensitive to variance inequalities, viclations of the assumption
of homogeneity were ignored as possibly affecting the sensitivity
of the F test (Box, 19533).

r'&

In each case where an F ratio was computed, the cver-all trea
ment mean differences were asccepted az significantly diffe ent

if the .0l level of confidence was achieved, l.e., the acceptance
of chance occurrence of the treatment mean ﬁlfF%Teﬁu@E was
restricted to one time in 100. In those cases where a signifi.
cant F ratic (P 2 .0Ll) was found in the &naly is of variance, a
Duncan's r&nge test was computed to test for individual treatment
mean differences. Again, the .0L Level of confidente was accepted

as reflecting significant mean differences ﬁezmeach,nfgthg<mean e
“vomparisctis, thus restricting a chence cccurrence of the mean

differences t¢ one time in 100C.
The following results were obtained.

Le Altzguga - Figure 2 is a graphic representation of the
rean AIE of altitude. It can be seen that under 0 Reading Rate,
where no digits were presanted (RR-0) that performance on VD
and 351 was relatively close but ag the reading rates increased,
the ALE on both VD end 81 increased. The increase in errors
tended to be greater on 8I than on VD.

Results of an analysis of variance run on the altitude errors

are found in Table I, &pﬁenabx D. The analysis reveasled that
the over-all mean dlf££r=naeq in Rates were statistically signi-
ficant at the .0l level of confidence. The over-all main effects
of Displays was not significant nor wes the interaction effects.

Since the F ratio altliUG? errorg under Displays did not approach
the .0l level of significance, the mean errors of VDand SIunder esch
of the five reading rates wer@ summned together. The swmmed mean
errors for the fxva re&dlng rates were submitted to the Duncan's
multiple comparison tes To apyly the test the readlng rate

means were arranged in the order of magnitude, as in Table 1,
Appendix E. Mean differences were then compared with the gl%ﬂlm
ficant ranges which were determined by mult 1n1y1ng each signifi-
cant studentlzed range with the standard error of the mean.
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- The ;ermula used fcr aamputlng th@ @ta%i&rd error of the mean
Cowas Spego T A

where S is the square root. of the error mean BULAT
of the %ﬁ&ljslﬁ of varisnce, sudn is the number @E
obgervations on which the mean iz base&s

it is geen from Table I, Appendix E , that ratez ¢, 80, and 120
did not differ sigﬁifin&htly from one ancther, nor did rates

200 and 360, The only significant inerease in altitudz errors
ocourred thus when going from & re &diﬁg rate of 120 digits per

3 minute (risls to reading 200 digits per 3 minute trial.

2. Heading -~ The mean errors of haau¢rg for 81 and VI under
the five r@aain rates are plotted in Figure 3 . The plot shows
that heading errors were less on VD umd@r each of the five rstes.
The plot also reveals that increases in the 1ead1ng erroy on SI
were proporiionately greater than the increases in error on VD.

The mean ervors of heading for the ten 8s were sﬁumA?tga to an

analysis of variance. The summary of analysis of variance for

ﬁeadlng is ghown in Teble 1II, Appendix D . Over-all effects

of Displays and Rates, it is a@an, wer: each szgﬁLFlcant gt the
.0l level of confidence. Alse, a significant interasction effect

was revegled by the analysia.




" Figure 3

HEADING 7

[{‘En STANDARD
INSTRUMENT FLIGHT ¢

&0 DISPLAY F
\ F
50 - .

WMEAN ABSOLUTE ERROR IN DEGREES

;
40 b Y,
30 - afff : _
SRR AJANAIR
26 - Vad FLIGHT
\ e e e e 2T DisPLAY
OF 7 CRITERION e e
P T s ey W g

g 27 40 &7 2
NUMBER OF PRESENTATIONS PER.
MINUTE OF ADDITIONAL VISUAL INFORMATION
Mean ebsolute errocr of heading for §I and VD undery
five conditions of nuweric presentation per minute
of additicenal visual iﬁfcfmatiag

The ten individusl 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 II, 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 380, but a significent increszse 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 O

and 80, but Rates 120, 200 and 360 were each statisvically dif-
ferent.

3. Airspeed -~ A grephic representation of the mean airspeed
errors for ten Sg¢ isg found in Figure & . It is seen that under
Rates 0 and 80 The airspead error was greater on VD but under
Rates 120, 200 and 360 theairspeed errvors became greater on SI.
It is alsc seen that the increase in errors wes proportionately
greater for the SI than for VD &8 Rates Increased.

found in Table III, Appendix D . The analysis revesls that
Displays, Rates and the interaction of Displays and Rates were
each statistically significant at the .0l Llevel of confidence.

The Duncan's test was applied to the mean airspeed errvors. The
results of the test are shown in Table IIL Appendix E.

.
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The range of means including SI - 80, VD - 0, and
YD - 80 was gignificantly greater than 8I - O,

The ranges of means revealed VD - O and VD - 80 were
not gignificantly different, but SI - 80 was gignifi-
cantly less than VD - 120,

The ranges of means showed VD - 80 and VD « 120 to be
nonegignificant, and VD - 120 and SI - 120 to be non=-
significent, but that VD - 80 was significantly lese
than SI -~ 126.

The means of VD - 200, VD -360, SI ~ 200 gnd 81 - 360
were each significently different when compered with
every other rondition.

Track - Trsck mean errors of the ten Sz’ performsnce on

SI and VD, as they were affected by Rates, are found in Figure
It may be noted that considerably greater track errors were
recorded on SI under each of the five reading rates.

S,

Te test for the statistical significance of the differences in
digsplayve and rates the track mean errors were submitted to an
anglysis of variance. A summsry of the analysis is shown in

16
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Table IV, Appendix . Main effects of both Displays and Rates, ,
it Ls ssen, exceaﬁed the Gl L%ve af aquxdence fo“ over-all SEEUENEEE

the an@ly&lg@

A Duncen's test of the track mesn errors on the two displays
under five reading rates is found in Table IV, Appendix E.
The test revealed that all conditions of track errors were -
Slgnlflcaztly different at the .0l level of confidence except .
in the comparison of VD - 80 with VD - 120 which was not

gignificantly different at the same level of confidence.

3. Combined - A combined error $y0we was computed by suwming
& pr@p@rtluﬁai error score in each cell for altitude, heading,
girspeed and track. The proportional error of each parameter
was obtained by dividing the individuel error scores in each
cell by the over-all meen for that parsmeter. This provided a
standard base line for weighting the errors contributed by each
of the four dependent varigbles. 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
dep&néent parameters ls graphically illustrated in Figure 6.
It may be noted that the combined mean errors weve always less
on the VD under the five rates snd that the increase in errors
&g a function of rates was propsrtl@nately less on VD.

17
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o MeAn errors were submitted to ¥ tests for Displave, Rates and
the dinteraction of Displays and Rates. The results of these
teatyg are found in Table V., Appendix D. The ovep-sll main
effects of both Displays and Rates wers revealed to be gigni-
ficant at the .0l level of confidence. It is alse noted that
the F test preduced a significant interaction effect of the
mean combined errors.

Once again, ._.e Duncan's multiple range test was applied to the
10 treatment means of the combined mean errvors of VD and 83
under five reading rates to test for the range of mean differ-
ences. The regults of the test gre found in Table V ; Appendix
E.  Ne differences were revealed among the mean errory for VD
under the five reading rates. For SI errors, it wag found

that Rates O, 80 sand 120 ware not gigﬁifieantly different, and
Rates 120 and 200 were not significantly different; however,
Rate 200 was significantly greater than Rate O gnd Rate 360
wag significently grester than Rare 200,

Summary of Results

Table 2 is a sumnary table of the results of comparing SI and

VD mean error differences under each of five reading rates.

The table reveals that Rates produced no significant differences
[n comparing altitude errors on VD with altitude errors on SI.

18
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COMPARISON OF S1 AND VD ERROR DIFFERENCES
UNDER EACH OF FIVE READING RATES

O 80 120 260 360
Altitude NS NS NS NS NS
Heading SI* Si* SI* S3* SI¥
Track R Si% Si* S3I® Si*
Alrspeed vD* NS NS SIx SI*
Combined HS_ NS NS SI* SI*
¥ indicates Significance .OL

NE Indicates

Bc “iv heading and track mean

§1 for the five reading rates tham on VD,

COMPARISCH OF

Non-gignificance

errors were consigtently grester on
Airspeed error, it may
be noted, was 31gﬂ&flcantly greater for VD errovs under Rate 0,
ncﬁwﬁignlflgan?ly different on Rates 80 and 120, and @$gn1flc@nt v
greater on SI under Retes 200 and 360,
bined mean errors were gignificantly greater on SI under Rates
200 and 360 than the VD mean errors uvnder the respective rates.

Tébl@ 1ii

REASED READING RATES

AS REFLECTED BY SI AND VD ERRORS

Rate C@mr&rlﬁang

,,,,,,,, 5 ¥rrorvs - ] ' 3200 va 360
Altitude Ng HE 2@@* EG0w
Heading 8O* 120% 200% 350%
Track g 120% 250% 35Q%
Airgpeed 8O* 120% 200% 560%
Combined NS NS NS 380*
VD Errors
Altitude NS NS 200% 360%
Heading NS NS 200* NS
Track B0 NS 200% 380%
Airgpesd K] NE 200% 360%
Oombined NS NS N8 NS

* Indicates Significance 0L
NS Indicates Non-significance

it is seen that the com-

Table 3 is a summary of the effects of incressed reading rates
Ingpection of the table
that the trend of the results on SI was generally to have signi-
ficantly greater ervor as reading rates increased from 0 te 360,
hand, it may be noted from the table tn&t the re-

sultg on VD errors was reletively unaffected by an ;war&aaa in

Rates 0 to 120 with 2 genersl ircrease in ervor ocecurring at
Rates 200 and 360.

cf mean errors for each 85I and VD,

On the other

ghows
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VIiI. DISCUSSION

The results of this study may be considered as a very preliminary
examination of the visual work lcad imposed upon the pilot by

two different types of flight displays, the picteorial display
{the JANAIR display) and a series of symbolic or semi-symbolic
displayvs (standard instrument flight disslavs). Only one
indicate that a continued
effort in this direction might be expeditious. The distinct
superiority of the pictorisl display was indicated. This super-
iority was not in terms of improved performance since this was
not the direction of the study. t was instead in terms of the
amount of visual free time permitted with one display over that
permitted by another when performance was agual.

The interpretation ¢f the phencmena which permitted these results
leads in three directions. The first thesis that might be pro-
posed to explain this suggests that the instrument pileot, when
using a pictorial imstrument display, operates like the VFR
pilot, thereby performing with & combination of information
which samples both general and specific flight performance data.
Standard symbelic displays pregent only specific or guantita-
tive information. The type of display array currently used

for instrument flight requires continuous and rapid shifting

of the eves in order to wmaintain a semblance of continucus
monitoring of each desired flight performance parameter. Since
these displavs ave of g quiantitative nature, they regquire a
complex series of mental processes, i.e., time to be read, to be
recorded and to be interpreted. It ie logicel, therefore, to
assume that the perceptual channel goon becomes loaded with

this method of wmonitoring. On the other hand, with a pictorial
display a pilot may select qualitative or gquantitative infor-
mation. A large amount of his visual checking time may reguire
only generalized or gqualitative data. From standard instrumen-
tation it is not possible to achleve this informaticn; with

the picterial displesy this is possible. It may be assumed that
the pilot can assimilate the pictorial qualitstive Iinformation
more quickly then its counterpart.

A gecond thesis suggests that with the JANAIR type display the
pilot may accumulate information on wore than one f£light param-
eter at & glance. This agein should be saving in terms of
loading the visusl chennel.

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

@ - g Wy ey ey Rty @T@ {peamg gy = GE (€227 i LT = e ) ETED




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

ihe end result may thus be that the pictorial JANAIR display
does not require the same amount of scanning time or visual
channel loading &3 do standard IFR displays in order to main-
tain & csvtiﬁuous awarengss of each of the zilght p&rameters
w1th @ subs&qu@ﬂt equal pverformance. . , S

The date indicate & strong difference between the two displays

85 the additionel visuel load increases. Significsnt differences
were indiceted between the two display conditions for certein
perfermanC@ measures when gpy additional visual task was im-
posed. This difference increased to include almost all per-
formance messures s the visual work load was increased to the
maximum tested. As the visuasl load is incressed on the stendard
penel, performance decrement is significant between presentation
rates. This was not the cese with the JANAIR display.

The results of this study indicate that further attention should
be directed to the questions: (1) What effect does increased
vigsual load have on other maneuvera? (2} Can the displav be
improved te perwit even better performance with additional
visual load? (3) How can the definition of visusl work load

be improved? and (&) What iz the extent of utilization of the
visusl field when employing the JANAIR display?




viIII. SUMMARY

The study vreported in this document compared two Instrument
nanels (the JANAIR vertical display and the standard instrument
tllgh? display) in terms of the amount of visual free time
which was available when performance using these two displays

- ———wWas eqgual.

The task was performed in the JANAIR Bell Helicopter Company
dynamic flight simulator. Pillots were required to fly a straight
and level course maintaining altitude, heading, track and air-
speed. & 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
instrument flight critericon. The subjects were then tested to
determine their free visual time. This was achieved by intro-
ducing a secondary visual task which required an oral reading

of numbers. hese were presented at rates varying £rom 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 dndicated that the pietorial JANAIR display was by far
the superior dl@play as the visusl work load increased. This
was reflected in the decrement of performance orn the prlmary

**“*‘*fllghtﬁar‘VIFuEI task., The ?@WEBFm&ﬁfﬂ“ﬁSIﬁ?“h@“V??Tiﬁﬁa
display remained relatively stable while that of the standard
instruments decreassed proportionately with the increased read-
ing rate.

It is hypothesized that thesse results are due to three factors.
First is the utrilization of qualitative information. This
agparemtly reguires more mental processing tnaﬁ doesg interpre-
tation of standard instrumentation. Second iz the 1nt§gﬂatad

pres gentstion of wmore than one flight performence parameter, Third
ig the sbility of the plz@? gubjects to read the JANAIR vertical
display with peripheral vision.

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

Equipment Description - Random Number Generator

In order to control the variables called for by the visual [ree
time studv, a master control renter and time base generator
were designed and buiit. These two components of the Random
Number Generator (see Figure 7 ) are separately described below,

1. Time Base Generator - A transistorized bi-steble multivi-
brator 1is 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 te 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 imgervals, The positions and their corresponding times are:
.

Position Interval (Seconds)

oW
o

: ——~c~:-:’ﬁ'i‘;;r e e

T Regardless of the position
ON for 0.5 second, Power is supplisd te the timse base generator
by a 22.5 volt dry cell battery which is controiled by a toggle
switch (ON/OFF) on the front panel,

2. Control Circuitry - Figure 3 shows the contyrol cirvcuitry
housed in the larger of the two sloping panel cabinets. Con-
trols and indicateors and their relateld functions are as follows:

a. Warning - This pilet light is wired im parallel with the
warning 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 Urilized, therefore, the left-hand and middle tubes
were covered. Each individual tube is driven by & rotary stepper
switch, the contacts of which are wired to give a predetermined
sequence of numbers. The units position relay has forty posi-
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
thiee digit numerals could be displayed before the seguence
repeats itself. When using the "units" position digit alone
(forty digit sequence), subjects were unable to detect a repeti-
tion of the seqguence.




C. Stop - This control, when de?r%ssed, removes the drive sig-
1al to the time base generator which in turn controls the readout
devices and warning indicators., Thus it {s possible (o interrupt
a run should this hecome necessaryv. This control also actuates

a relay which controls the flight simulator analog computer.
pepressing the STOP button effectively places the computer into
the reset mode.

d. Inst/vVd - "This tcgdle switch cantr@ls whxih HHMEFlcal 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 cther stepper

relays are actuated which together count the number of displays

presented during one trial. The steppers are so wired that at

the end of 80, 120, 200, or 360 displays, an automatic STOP

signal is generated. The SELECTOR switch, by its position,

determines when the randem number generator will be commanded

to stop. Position A corresponds to 80 numbers, B to 120 numbers, :
C to 200 numbers gnd D to 360 numbers. z

£. Reset ~ The two counting relays described in Paragr&ph iiCle
above must be manually reset after- €a€ﬁ~?ﬁﬁ”"§€§*€03iﬂ “The
RESET buttcen places the couniting circuitry in the zero pﬁsltlon

for the mext trial. Also, the number logic relavs described in

Paragraph IIC2Zb do net receive an advance pulse after the last

L 3 et R 3

number in & given trial. Thevefore, & mancal advance signal to

these steppers is generated each Time the RESET butteon is de-

pressed. ~

- Power - Four different voluages are reguired for the opera-
tion of the random number generator: +28 VvDC, +300 VvDC, 115V
60 CPS, and +22.5 VDU. The first three of these veoltages are
c@nt?olled by the two POWER toggle switches.

i, Next Number - When this butten is de preas&d the number
display on tne master control center comes on in advance of the
next display command signal. Numerel displays in the dynamic
cabin do net come on when this button is depressed. Thus, the
experimenter may monitor the up-coming number. ‘“This button is
also used at the start of each triagl to assure that the number
logic relays are indeed in the zero position.

i. Start - When this button is deprvessed, a latching relay

is energized which Iin turn supplies a drive command signal to
the time base generator. This signal remains present until the
STOP butten is depre<sed or the automatic stop signal is gen-
erated,
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Calibration

Freguency of Calibration - In order {9 asgsure accuracy to

within %.17%, the calibration procedure described in IIC3b is
pertormed on a daily basis.

b.

(17

(3
(&)

N

,..\
N
~

S

(7)

Procedure -

Disconnect Random Number Generator from Master Control
Panel,

Select program D on the time base generator and the centyrol
panel., ,

Depress START button on contrel panel. -

Adjust RD en the rear panel of the time base gevergte;

for minimum inter-disgplay time consistent with proper relay
action.

Adjust Ry for 180 seconds .2 sec. program duration. =

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

Adjust R, for 180 seconds .2 sec. program duration.

(8)

L.

1.

Repeat stew& (6) and (7} fer programs B and € using Rp and
Re ve#p&ct}*zlyo

Analog Computer Setup

Eguations of Motion - The analog computer is programused to

reproduce the response characteristics of the UH-1 helicopter.

2.

&d

Scoring

Conversion Factors for Absclute Integrated Error - Four

£1ight charaCLeristics are measured FOr LHLB gtgdy; Convergion
factors for absolute ervor scores are ag follo

(1)

{2)

o~
(5]
o

(&)

Airspeed: 1 knot errvor for one second is equal to 0.834
volts.

Altitude: 1 foot error for one second is equal to 0.0163
wal g,

¥ owS e L

Heading: 1 degree ervor for one second is egual to 0.735
volts.

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




b, Scoring Circuitry - T'igure 4 shows the interceonnections
between the system and the scoring circuits used to evaluate
subject 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 Iin 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 (&) removes the normal pilot
inputs (eyelic, collective and vaw) and substitutes in their
place a standard calibrating pulse (a2 charge capacitor dis-
charging at a predetermined rate). When the Reset/Compute switch
is placed in the computer positicn, this calibrating pulse drives
the various computer channels at predetermined ratic. The cali-
brating run lasts for 10 seconds after which the computer outputs
(which are vrecorded on a Sanborn recorder) are compared with a
known response curve. In this manner, eny malfunction in the
rotor pitch, aircraft pitch, asircraft roll, V,, Vg, heading,
torgue or altituede channel will be detected.

by
&
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Te initiate the scoring calibration seaguence, the operate/cali-
brate switch ie placed in the score position. This applies a
fixed voltage in place of the normal pilet inputs. The system = -
~-isthen placed im the compute condition for 60 seconds and error
scores are allowed to gccumulats on the scering circuits. At
the end of this run, the readings of the heading, altitude, left
deviation, right deviation, airspeed and time counters are com-
pared ageinat known correct readings.

R A e WLy e

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 scoriug
integrators.

e s, e el

6. Method of Programming Alrspeed

Airspeed displayed on the standard instrument panel was velocity
along the pathway.

7. Sengitivity of Pathway Deviation Meter - Pathway deviation
on the standard instrument panel i1g indicated on an ILS instru-
ment (ID 433). The sensitivity of this instrument iz adjusted
go thet full deflection of the vertical needle (left 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 edjusted to any other settving. The optimum values of sgengi-
tivity were deterwined during the pretest evaluation periecd.
This lateral deviation was chosen to be identicel with meximum
deviation of the pathway on the VD display.

}
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APPENDIX B

Instructions to S8s - Training Trials

You are about to partfcipate in a study to help us determine
which of two aircraft display systems provides the pilot wit
“the most visual Tree Uime 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 cutput. The
g: differernce exists in the means of displaying the simulated air-
craft's situation. i one case, standard aircraft instrumenta-
tion is used to¢ display the aircraft’s situwation. In the other
case, the same information i{s presented on the JANAIR vertica:i
display. 1In the course of the experiment vou will be asked to
perform the same task on both display systems.

iy B

(If 8§ is trained on instruments first read)

& You will notice that the instrument panel Is composed of six
: standard aircraft instruments. These include an alrspeed indi-
cator, an altimeter, a compass, an attitude indicator, a rate
of climb meter and a position indicator. During each trial
R your task will be to maintain O-degree heading, 80 knots airspesd

fiygﬁt path deviations using the position indicator.
(If 8 is trained on vertical display first read)

= You will notice that the instrument panel is composed of a TV

g. screen displaying an encoded “epresentatlen of the real world

with a pathway. The pathway is situated at a 1000 foot alti-

tude on a O-degree heading. Tarstrips on the path are spaced

{ every 30 feet. The rate at which they are passing under vou and

L. the pitched down attitude of the ship (indicete) represents 80
knots girspeed, During each trigl your task will be to maintain

! 1000 feet altitude, O-degree heading, and 80 knots airspeed.

' The task will include corrgeting for £light 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 cyclice, collective and

; pedal controls to maintain 80 knots, 1000 foot altitude and
O-degree heading. There will be & 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 triazl; however, do not
be concerned 1f at first you do not perform the task with a
high level of proficiency.

A S

< and 1,000 feet altitude. The task W1nglﬂhiﬁdh_ﬁﬁffﬁﬁilﬁg for
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During the training sessions you will have an opportunity to
practice the tracking task on boeth displayvs until vour perform-

ance meets a criverion we have established for each display
system,
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APPENDIX C

Instructiong toe Ss -~ Test Trials

On & nixie tube located at the lower right side of the instru-
ment panel we are capable of displaving digits et variocus rates.
There are four rates at which these digits appear. (Present

gach rete to 8 for 30 seconds and ask him to read them). During
the next seriesg of trials you will be reguired to resd gach digit
that appears on the nixie while "flying" the tracking task vou
have learned, i.e., holding 1000 feet altirude, 80 knots sirspeed
and O-degreses heading. 1t is important that vou read each and
every number that appears during the trizl. OCur ability to
utilize vour deta depends uvpon our knowing thaet you have read
every digit.

Prior to the commencement of esch trial, I will indicate the

rate at which the digits will appear. The rate will remain con-
stant throughout the three minute triel. A% the presentation of
gach dlg’t @ light will be illuminated just above the nixile tube
to indicate that @1@1?@ are b@lwg miﬁplﬁy%ﬁ.

Let m@ f@p@at y@u must at all costg read sach and every number
at the rate they appeay regérdless of the produced gffort upon
your tracking p@rf@fﬁaﬁc@. Otherwise, we will be unable to
utiiize the data.

Any guestions before we start?
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TABLE I

SUMMARY OF ANALYSIS

O VARIANCE FOR ALTITUDE
Souice N af MS F ¥
Displays 10,099.05 i 16,089,035 5.45
Rates §5,377.1%9 L 23 845 .30 12.86 01
DXR 6,773.20 ) 1,693,30 .91
Residual 352,234.,86 190 1,853.97
Total Leh 504,30 169
TABLE 11
SUMMARY OF ANALYSIS
OF VARJANCE FOR HEADIRG
Source 58 gf MS ¥ P
Dlsplays 31,588,401 1 L, 5BELL  52.ET .01
Rates 45,506 .64 i 11,376.66 18,83 01
DER 34,385 .48 4 §,596.35 14,23 .01
Reaidual 114,812.89 190 60k, 27
THotael 256 ,003.5L 199
- — o e e “TABRLE I¥yi 70— -
SUMMARY OF ANALYSIS
OF VARIANCE. FOR AIRSPEED
Source 55 as MS F p
Displavse 5,.50,.06% L S.450,08 15,61 0L
Rates 356,974, 35 & 9,243,600 28,0 .01
DXER 14,201.76 & 3,550.44 10,76 LOL
Residual £2,698,87 190 329.99
Tetal 119,025.70 199
TABLE IV
SUMMARY OF ANALYSIS
OF VARTANCE FOR TRACK
Source S8 af MS ¥ P
Digplays 55,848, 3L 1 55,898,310 557,11 LO1
Rates 10,024 .47 & 2,506,110 2386 01
DXR L92 .91 4 123,23 1.76
Residual 19,958.72 190 105.05
Total 86,374,335 199




TABLE V

SUMMARY OF ANALYSIS
O)_VARIANCE FOR COrBINED SCORES

Source S8 df MS F p -
"Displays 1,224,980 1 1,227,990 8.5006 LT
Rates 4,704,133 L 1,176,033 8.8607 0L
DXR 7,770,868 4 1,942,717 14,219 .01
Residual 25,958,922 190 136,626

Total 39 656,913 190




SUMMARIES OF MULTIPLE RANGE TEST
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TABLE I

DUNCAN 'S TEST APPLIED TO MEAN AIE
OF ALTITUDE FOR FIVE READING RATES

B C b E Shortest
Means 238 9 323.9 926 .6 1250.7 Significant Range
A 155.4 3.5 168.5 Hy = 343.25
B 238.9 85.0 Rq = 358.34
C 323.9 6062.7 926.8 Ry = 367.77
D §26.% 324 .1 Re = 375,31

i
|

minute trial
minute trial
minute trial
minste trial
minute trial

0 pregentation of digits per
80 presentation of digite per
120 presentation of digits per
200 presentation of digits per
360 presentation of digits per

W O e B
"nowowowu oH
o £a3 L2 453 b

When Ry € X7 - X2 then Hy is rejected at the .01
level of eonfidernce.
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