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ABSTRACT

Pilot performance in a flight simulator was objectively
measured with 30 Air Force jet qualified pilots using stan-
dard and vertic.d reading primary flight instrumentse. During
the completion of a sirulsted mission profile, five flight
parameters were selectively sarmpled and scored: heeding,
&ltatude, mach, vertical rate, and airspeed.

Comparing the standard and vertical instruments, the
fellowing results were obtaineds

l. Heading perfomance with the standard reading side
instruments was superior t¢ the vertical instruments.

2s Altitude performance was found to be significantly
better with the standard reading instrument,

3¢ Mach performance was significantly better with the
vartical reading instrw.ient,

be Vertical rate performmance indicated no significant
differences between standard and vertical reading
instruments.

5« Airspeed performance indicated no significant
difference between sta:.'* >4 and vertical reading
instruments,
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SUMMARY AND CONCLUSIONS

The past ten years have secn a radical. shift in the basic
principles of the display of flight information, For the first
tire, integrated flight instrunent panels are being developed
in tems of the whole panel instead of piecemeal by single in-
strumonts (sca Wright; 19556)s One of the irmediats results of
whole panel development has been the use of new instrument types.
The most singular example of this has heen the shift from cir-
cular scales to straight scales. However, these changes Lave
been of such fundamental mgnitude that concern aas been ex-
pressed over the capability cf the pilot to perform proficiently
on the new display systers, Coincident with the development of
the whcle penel tectnique has com: a new sophisticaticn about
the methodology of test and evaluation of pilot~instrument sys-
tems, Previous methods evaluated performance on just ore type
of or a single instrument, usually stressing "good" performance
on thet particular instrument not recognizing the possibility
of perforrmance degradation on other related flight parameters.
In reality, the pilot's task involves a time-gampling process
across several instruments displaying many different flight
parameters, and the objective measurement of pilot perfomance
should take this fact into account.

The primary purpose of this study is to demonstrate objec-
tive measurement of pilot simulator performance in the whole
panel context where several flight parameturs are selected and
scored simuitaneously. A second objective of this study is to
objectively measure pilot simulator perfor—ance on several flight
parametars vhile using either standard circular flight instru-
mnts or straight scale vertical reading instruments to fly a
simlated complex flight profile.

A standardized flight profile wvas flown by 30 Air Force
Jet qualified pilots in a8 YF=-102 Link flight simulator using
two instrument panel ccnfigurations, One display system util-
izad the vertical reading scales of the USAF Phase II Inte-
grated Instrument Panel, and the other used the circular scales
of the standard reading flight instruments mcst common in air-
craft today. Pilot performance on heading, altitude, mach,
vertical rate, and airspeed control was measured by means of
electronic scoring equipment which provided an error term that
ws reduced to a root-mean-square (RMS) score. The data were
subjected to thorough statistical analysis, .

Results indicated tiat {1) heading performance with the

standard reading side instruments was superior to that with
the vertical reading eide instruments, (2) perfarmance on the
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standard reading altimeter was superior to perfarmance on the
vertical reading altimeter, (3) mach performance was superior
on the vertical reading mach indicator, and (L) vertical rate
and airsreed performance showsd no differences between instru-
ment configurations, Separate analyses for thoss subjects with
and without previous vertical instrurment experience did not
alter these findings.

In essence, parformance on thc vertical reading instruments
for mach, vertical rate, and airspeed was found to be equivalent
to or botter than perfomance orn the standard reading instru-
ments for the same flight parumcterse Consequently, it may be
concluded that no degradation in performance would be expected
on & shift from standard to vertical reading instruments for
the flight parameters of mach, vertical rate, and airspeed with
scale factors comparable to those used in this study. Such a
s8iift would then allow for satisfactory addition of command ine-
forration markers and reduce-the scale length limitations exist=
ent on circular dials. Altimeter performance results suggest
that further experimentation is required to produce a vertical
moving=tape scale that will promcte performance at least equiva-
lent to that on the standard reading instrument. Suggested ex-
perimental scalar designs for non-linear scales, combination of
non-linear scales, combination of linear and non-linear scales,
and combination of linear scales are nearing the human factors
evaluation stage. Bncause heading performance was measured on
‘4he same indicator v.th different side instruments, no direct
performance comparison was possible, However, interpretation
of the results indicates that prior experience with vertical
reading instruments scemgtvo allow more time for heading moni-
toring aside from primary pitch control under the conditions
of this experiment,

The need for further human factors research in the area
of flight information display techniques is most urgent. The
early "fog-flying" days of Doolittle's iime are gone; today's
wire~high performance aircraft require precision flight con-
trol over fantastically expanded flight envelopes, and there
is every reason to assume that the aircraft and space vehiclos
of tomorrow may make even more extrsme demands on the pilot,
The development of optimum displays bcth from the standpoint
of the man and the mechanisn is imperative, It is probable that
the success of such a development program will rest upon the
use of sophisticated objective measuring techniques in every
step of development from initial instrument design, through
flight simulator research, and most important of all in inflight
test and -evaluation.




INTRODUCTION

Background of Inztriement Develcoprent

cea . -

Man has been engag2d in the development of airborne equip-
ment for the measurement and display of flight information since
the very beginning of manned flight, Nicklas (1958) has noted
thats

#The history of aercnautical irstruments began a few years

after the invention of the free ballcon in 1783, At this

tima, the mercurial bsromster was adcpted for measuring
altitudess In 1345, the aneroid barometer replaced the
mercurial type because of itc lighter weight and greater
convenience, even though it was less accurate. Sometime
later, the aneroid was scaled in feet of pressure altitude
replacing the inchcs of mercury scale.”

Since man was ascending towards the heavens, it would appear
only aatural that he would be interested in iowing how high

he had risen. The horizontal distance traveled was also im-
portant, and as Nicklas (1958) points out, the Wright Brothers
used e Richard anemometer to measure the length of their flights,
In later years, the anemometer was used to determine airspeeds
Initially, how.ver, most pilots were dependent on the force of
the wind in their faces to judge airspeed.

Once heavier-than-eir flying machires could maintain flight
for any period of time, pilots began seeking devices to forewarn
them of impending malfunctions. An oil pressure gauge and a
visible fuel line were the first to appear. As manned flight
rose to greater heights, the interest in instrumentation turned
to indicating straight and level flight, speed, and direction,
Thus began nan's ssarch for better methods of displaying the
necessary information to naintain flight first under contact
conditions, then during the "fog-flying" days, and more re-
cently under a&ll-weather conditions.

Early attempts at providing infoimation to the pilot were
hampered by the inability of designers and builders to get the
indicator in the sockpit. The irstrurmentation was placed at or
ne~r ths source of the sensing mechanism. As better means of
tranami tting information to the cockpit were devised, the num-
ber of instruments on the "board" began to increase, usually
with little or no thought as to how necessary or how often the
new instruments were to be used,

-3~ ' .
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Attempts at Instrument and Panel Integration

Nicklas (1958) points out that instrument integration, the
technique of displaying several pieces of related flight infor-
mtion on one scale, was lacking in the early y-ers of aviation.
However, efforts toward panel integration were made. Doolittle
mds a notable contribution in this direction by suggesting that
instruments should be arranged in line vertically and horizontal-
1y so that pointers across instruments would align or could be
adjusted to align for any given flight condition. By so doing,
the deviation of any pointer from this alignment would be im-
mediately apparent to the pilot and corrective action could be
taken. Doolittle's main objective was simplification, through
which he sought to relieve the pilot of all unnecessary intar-
pretation,

New Whole Psnel Concepts.

Wright (1956) has very adequately summarized the status of
flight instrumentation which has existed since shortly after the
conclusion of World Wer II, with the following words:

"When the situation is analyzei, it is seen that there <.
(has been) ... actually no systematic method for design

of the instrument panel, The need for various parameters
to control flight is recognized and these parameters are
measured and presented with some typc of display. However,
each of these instruments is a completely independent, un-
related entity, often conflicting with its neighbor on the
panel., The panel as a whole presents the pilot with a lot
of unrelated and abstract information, He must continually
scan the ever changing valves of each individual instrument
and perform a continuous series of mental calculations to
convert their readings into usabdle information which can
te used for the control of the aircraft,

"Instruments have been actually becoming a limiting factor
in the capabilities of weapon systems., Specific features
which have caused trouble are the excessive number of ire-
struments, more than could actually be put on the panel,
their amall sizes, the clutter of the dials, and the
cluttered appearance of the panel in general. Various
attenpts have been made to improve the situation, by
ocombining oue or more instruments into one case and re~
ducing the sige of the instruments. However, none of
these, have been really successful in alleviating the un-
satisfactory conditions. The major difficulty has been

-h-




that the full potential has been realized in the in-
dividual development and use of ingtruments, and a
new approach is required to provide really effective
instrunentation for high performmance aircraft,”

The need for a new concept in instrumentation development
was bocoming ircreasingly more obvious. 7The "sacred six" or
®eight" arrangement was difficult to maintain because of the
large nurbers of instruments "required" on the panels, the
limited space available, and the lack of an overall concept
for ingtrument panel arrangement and design. The instrument
panel could no longer be treazted with the attitude, “it's got

. to go on somewhere¥. Rether, it should be considered as &

visual communicatio.s system, with information presented in
& related, readable and interpretable form instead of as in-
dependent bits of abstract information. Improvements must be
pursued on & "whole panel" basis instead of on an individual
instrunent basis,

Wright (1956) spesks of the "whole panel® concept with the
following words:

“An instrument panel designed under the whole panel con-
cept is one designed on the basis of the total visual
communication requirement, wherein each individual ele-
ment haz been designed in terms of its environment and
its contribution to the whole. The design of the dis-
play of each individual instrument on such a panel is
made from considerations of the intelligence that it is
to trarmit along with that transmitted by all cther in-
strunents to be used with it, the display of this intel-
digence by these instruments, and the way these instruments
are arranged in relation to each other. It is the phiiosphy
of the design of the individual instruments so that a visual
communications system wilil result,”

Application of the Whole Panel Concept

The concrets application of the whole panel conscept to
the design of integrated instrument panels had led to a number
of major changes in the basic principles of the display of pri-
mary flight information. One of the most apparent examples of
this fact is the shift from circular dials to straight scales;
the USAF Phase II Pancl (Svimonoff, 1958) is a specific illu-
stration of the extensive use of vertical straight scales in
place of circular dials.

S
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In actual fact, straight scales had been used early in
the history of flight instrument development in at least one
specific case, Nicklas (1958) reports that during the period
of 1923-192L, the D, H. airplane P=-302 appesred with an in-
strument board that included vertical scale instruments for
pitch, airspeed, RFM, and engine gauges. The Pioneer Flight
Indicator, which gave the pilot a more direct indication of
pitch attitude, variation fron being level in bank, and cor-
rect rudder-aileron epplication, represents one of the earlier
instances of combining several instruments within a single
case, .. In 1925, the Pioreer instrument board appeared with a
vertical scale rate of climb instrument added to the previous
array of vertical scale instrurents. In general, from the
midtwenties to the midthirties, & number of vertical ecale
instruments appeared. Then followed & reversion to the cir-
cular scales which lasted until the midfifties when the pre-
sent return trend to the vertical scales was initiated,

However, a change in display design concept must assume
that the pilot is able to use the new instrument technique
more effectively than the previous methods To demonstrate
that this is in fact the case, there are & number of evalu-
atior techniques possible, One line of evaluation is experi-
mental investigation from the human factors point of view.
Tnis type of evaluation may be illustrated by examples of
instrument display.investigations and particularly the study
of altimeter displays.

Instrument Display Investigations

Static Studies of Altimeter Displays

As Muckler (1959) points out, "The development of altimeter
display techniques «.e was not bassd, for the first thirty years
at least, on experimental investigations of optimum display prin-
ciples from the pilot's point of views Like most cockpit instru=-
ments, the display techniques were usually selected on the basis
of individual judgment and modified on the basis of field exper-
ience"s It becamx evident by the late 1940's, that the display
of altitude information was not optimum from the pilot's point
of view and the need for investigation to provide improvements
was increasingly obvinsus,

Grether (1947) was the first to investigate experimentally
the presentation of altitvde information., He compared a variety
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of altimeter configurations by a paper end pencil technique
from which he recorded errors of interpretation as well as
interpretation time. The displays included the conventional
three-pointer altimeter, combinations of a counter and a
pointer, a counter alone, and slso tvo configurations of moving-
tape vertical displays. After consideri-:g the various uses of
altitude informetion, he recorrended a combination of a sensi-
tive poinier and coun‘er as= offering the most promise., The
vertical displays compared quite favorably with the counter-
pointer displays under his experimental conditions, and were
much superior to the standerd three-pointer altimeter,

The Simon studies (Simon, et.al., 1956; Simon and Roscce,
1956) report saveral investigations of altitude inforration
display techniques. Thesa studies also used a paper and pencil
tachnique in which the pilot subjects were required to meke
£2i:ht decisicnsz on the basis of information that was present-
ed on drawings of the various displays. In general, their find-
ings indicated that perforuance was superior on the integrated
vertical linear-scale display over several methods of circular
display. No chasige in the results was recorded between two levels
of pilot experience among the subject groups.

Use of Flipht Simulators for Objective leasurement

Eerly investigations of information presentation to the
pilot were limited to static legibility tests, Little had been
dore to compare pilot psrformance in the simlated inflight sit-
uation vhere the instruments are used &8s a continuous tracking
display. Recently, however, Mengelkoch and Houston (1958a, 1956b,
1958¢c) have published three studies investigating pilot perfore-
malce with various altimetor displays while flying & profile in
& Link C~8 Instrment Traine..

In the first study (195%a), twenty experienced instrument
qualified pilots flew a series of maneuvers in the trainer using
the standard three=pointer altimeter and an experimental vertical
moving-tape linsar scale altineter., Performance on the three=-
pointer altimeter was found to be superior to perfomance on the
moving~tape altimeter, although the magriwudes of the performance
differences was small, The authors considered the differences
not to be operaticnally significaant.

In the sccond study (1956b), 1l pilots foom the group used
in the firs: stuwy wore given additional practice on the vertical
moving-tape altimater. fThe results again indicatad Jhat porfor-
manco on the tiwree-pointer altimeter was superior to psrformance

-7-
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on the vertical moving-tape altimeter, Performance on both
altimeters was increased, but tae difference in performance
between displays remained approxinmately the same, It was
concluded that further additional practice would not serve

to reduco the difference in performance, and thai{ the effects
of an sxpanded scale ahould be investigated,

The third study (1958¢c) was designed to determine the
elfects on perfomance of an expanded scale on the moving-tape
display when compared to performance on the standard three-
pointer altimeters The scale was expanded from 1.5 inches per
thousand feet (used in the first two studies) to 2.375 inches
per thousand feete Two groups of experienced instrument quale-
ified pilots (10 from the original group and 12 with no pre-
vicus experience on vertical reading instruments) flew the
same simulated flight maneuvers used in the earlier studies
on each altimeter display. The results snowed that perfore
mance cn the vertical reading moving-tape altimeter with a
scale factor of 2,375" per 1000' was essentially equivalent
to performance on the three~pointer altimeter, The need for
further evaluation in a high performance jet simulator was
expressed,

Mucikler (1959) comments on the work of Mengelkoch and
Houston, stating that "The results of this series of studies
would not have been predicted on the basis of the static leg-
ibility investigations ... (previously mentioned), However,
the final experiment ..o (Mengelkoch and Houston, 1958¢)ess
would seem to indicate that superiority of instrument type
in the tracking situation is a matter of detailed scalar
design and not of basic instrument type",

Objectives of the Present Stuql

Past experimental investigations have usually dealt with
Just ons type of instrument ~= measuring performance in some
fashion on a single flight parameter. In reality, the pilot
"flys" several iastruments at one tinme, His task is complex,
requiring the interpretation and integration of information

from many sources, Jonsequently, pilot performance measurement

should take into account the entire informational context and
sample performance from the whole pancl concepte

The present study is offered as an example of a methodology

for accomplishing this basic need in present-day man~-machine

B




- comrprn o ——

performance measurement and evaluation, It is not intended to |
replace the methods previously discussed, but is rather an ex-
tension in a more sophisticated mamer to the whole panel context.

Specifically, the present study was designed to accomplish
three objectives: ,

1, To measure pilot performance simultaneously on several
flight parameters on a simulated flight task,

2. To compare pilot performance measures on two different
display principles: Standard reading round dial displays
and vertical readiag moving-tape displays,

3. To provide a standardized technique for the evaluation
of pilot performance under varying simulated flight
conditions of instrumentation, dress, and environment,
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EXPERIMENTAL METHOD

Apparatus

YP=102 Flicht Simulator.

The YF-102 Link flight simulator, located in the Instru-
mentation Research Section, Flight Control Laboratory, Wright
Air Development Center, Dayton, Ohio, was used as the experi-
mental apraratus. This simulator is an electronic analog com=
puter which was designed to solve the flight equations of the
YF=102 gircrafts For purposes of this study, the flight equa-
tions werc altered to produce a highly sensitive, moderately
high performance flight simulator repre.entative of no parti-
cular present day aircrafts The simulator was capable of speeds
wp to mach 1,2, altitudes up to 50,000 feet, and vertical speeds
up to 40,000 feoct per minute., Flight simulation is presented by
continuously changing flight display indications in response to
pilot control actions. The simulator does not have motion.

Instrument conditions were simulated by covering the can-
opy and windscreen with grey paper. The canopy was closed for
each flighte The instrument panel was lighted by a fluorescent
lamp located in the top of the canopy in such a manner so as to
give good lighting over the entire panel end forward half of the
cockpit. The cockpit was air conditioned for the subjects'! com=
forte An intercom system was used that provided clear communi-
cations betwsen the experimenter and the subject.

A full set of repeater instruments was available to the
experimenter for monitoring performance and to provide the pro-
per cues to commence scoring at various places in the profile,
In addition, a "freeze" or hold switch was available which made
it possible to freeze the simulator in any flight conditiomn,

Pl;;bt Instrumentation,

Two instrument configurations were used. One consisted
essentially of vertical reading, moving-tape, primary flight
instruments and the other of standard reading round primary
flight instruments.

Vortical Reading Instruments. The vertical reading panel
made use of the Air Force Phase 11 Integrated Instruments

«10=




-——— -

(Svimonoff, 1958, pex) and is shown in Figure 1, However,
only selecled features of these insiruments were utilized,
The following modifications were made to produce the desired
effect:

1, The Attitude Director Indicator was used to present
only pitch and bank informmation, The glide slope
displacement pointer, bank director necedle, ead pitch
director needle were not operative, Essentially, it
operated as a conventional attitude instrument with
additional features such as a two-tone sphere with
pitch degree and ground reference markings on a five
inch displey.

2o The Horizontal Situation Indicator was used to present
only heading information. It is a five inch instru-
ment which employs a moving card with a stationary
index to display heading information., The bearing
pointer, comnand heading, course arrow and deviation
bar, to-from indicator, and mode windows were inopere
ative, The digital readcuts for course and distance
were masked off, and the subject was instructed not
to operate the Course Select Knob or the Manual
Select Knob for command heading.

3. The airspeed-mach indicator had the angle of attack
tape and the digital readouts for command mach and
airspeed masked off, The command markers for both
mach and airspecd were slewed to the extrems ‘top of
the instrument and remained there during the entire
flighte Subjects were instructed not to operate the
conmund marker sluowirg switches, The airspeed moving
tape was numbered at 50 knot intervals with maridngs
for every 10 knots of airspeede The mach moving tape
was numbered at every ol mach with markings for every
«01 mach,

le The altitude-rate of climb indicator had the vertical
planning scale, target altitude digital readeut, and
the command altitude digital readout masked off., The
altitude command marker was slewed to the extreme bottom
of the scale and remained there for tae entire flight.
Barometric setting was placed at 29,92, Subjects were
instructed not to operate the command marker slewing
switch or the barometric set knob, The altimeter moving
tape was numbered at every 1000 foot lovel with small
markings for every 100 feet and a somewhat larger mark-
ing for the 500 foot levels, The rate of climb pre-
sentation was not altereds This instrument is capable

wlle
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1, Fuel flow gauge
2. Fuel quantity gauge
3¢ Tailpipe temperature gauge
be Percent RFM gauge
Se Landing gear indicator
6. Vertical reading airspeed-mach indicator
8¢ Mach scale
be Airspeed scale
Te Attitude Director Indicator
8, Horizontal Situation Indicator
9+ Vertical reading altimeter-rate of climb indicator
8, Rate of climdb scale
be Altimeter scale
10, Station marker light
11, Tumn and bank indicator
J2. Penstration placard
13, Speed brake indicator

Figure 1, Modified Air Force Phase II Integrated Instrument Panel

Installed in YFP=102 Simulator,
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of displaying vertical rate changes up to 140,000 feet
per minute, and is near instantaneous in its presenta-
tion,

Standard Rsading Instruments. The standayd reading panel,
shown In Figure 2, u zed tre Attitude Dimctor Indicator and
the Horizontal Situaticn Indicator previously mentioned.

The ME-1 round type airspeed-mach indicator was used in
place of the vertical reading instrument. This instrument uses
a single moving pointer against a stationary airspesd scale and
a rotating mach scale, The set index mark was placed at the
low end of the scale amd the stubjects were instructed not to
adjust the knob. The instrument was mounted in a face plate
fitted te cover the hola used to mount the vertical reading
alrspeed-mach instrurent,

The vertical reading altimeter-rate of .limb instrument
was replacad by separate round type altituds and rate of climb
instruments, A thres~pointer altimster (MA-l) without low al-
tituds cross hatch warming was utilized. Barometric setting
was set at 29,92 and subjects wers instructed not to adjust
the setting knob, The sonventional 6,000 feet-per-mimte rate
of climb instrument (MS 23049-1) was useds This instrument
has a 7-)2 second lag in its presentation, Both instruments
were mounted in a face plate fitted to cover the hole used to
mount the vertical reading altimeter-rate of climb instrument.

Additional Common Instrumentation. Several instruments’
and indicators were common to both panel configurations, They
were the percent FKPM gauge, speec brake indicator, landing gear
indicator, and station marker light (used to show passage of
the high and low stations)s A turn and bank indicator, tail
pipe tenperature guauge, and fuel flow gauge were also visible,
but monitoring of these instruments was not required during
any part of the flight profile.

Subjects

Because of the nature of the experimental task and the
variables being investigated, it was determined that the sub-
Jeot population should be highly trainod experienced pilois
qualified in jet aircraft. Accordingly, the following minimum
requirements were set ups (1) Air Force jet qualified pilot,
(2) must have had at least 50 hours in the last six months, and

13-
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Legend

1, Fuel flow gauge
2, Fuel quantity gauge
3¢ Tallpipe temperature gauge
Lo Percent RPM gauge
S landing gear indicator
6. ME=1 airspeed-mach indicator
Te Attitude Director Indicator
8, Horizontal Situation Indicator
9¢ MA=) standard reading sltimeter
10, MS 280L49~1 standard rate of climd indicator
1), Station marker light
12, Twrn and bank indicator
13, Penetration placard
A, Speed brake indicator

Mguwe 2, Modified Standard Reading Instrument Panel

Installed in YF-102 Simulator,
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(3) must be instrument qualified, Thirty Air Force pilots
stationed at Wright-Patterson Air Force Base were used as
subjects. All participation was voluntary, Subjects were
given Form 5 credit for two hours of jet simlator time,
m;lnight qualifications of the subjects are shown in
Table 1.

Sixteen of the subjects were attached to Fighter Branch,
Directorate of Flight and All-Weather Test, Wright Air Develop-
ment Center and the remaining fourteen were recruited from other
sources on the base, As Table 1 shows, the subjects varied in
rank from 1/it. to Colonel, had a mean age of 3} years, all had
instrument cards, 13 had previous vertical instrument experience
ranging from 1 to 56 hours with a mean of 10,8 hours, had a mean
of ;8.9 hours of jet simulator time, had a mean of 3702 hours
of instrument time, had a mean -of 1552,7 hours of jet time, had
& mean of 117,8 hours in the last six months, and had a mean of
400347 hours total tire.

Bight pre-experimental subjects were used to evaluate the

flight task and the scoring system, and to provide practice for
the experimenters.

Subject's Task

A flight task was designed to encompass many of the common
flight procedures. that are typical of military jet aircraft
flights, The flight task, shown in Figure 3, involves the fol-
lowing maneuvers: Take-off and climb to 10,000 feet at mach 85
(15,000-20,000 fpm), level off at 40,000 feet, 180 degree level
turn to the left, 180 degree level turn to the right, straight
and level flight at 40,000 feet, fast rate letdown holding mach
1.0 (15,000-20,000 fpm), level=off at 20,000 feet, jet penetration
maintaining 4OOO fpm vertical rate, level-off at 2300 feet, and
& low approach at 1300 feet, Instructions were given before each
mansuver or groups of maneuvers over the intercom system. All
instructions were read verbatim from typewritten cards. These
instructions are reproduced in Appendix A,

Subjects were not briefed on the flight task and no in-
dications of performance level were given, It took approximately
35 minmutes to complete the flight task,

«lb=
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Scoring Equipment

8ince the YF=102 flight simulator is an electronic analog
computer, it is possible to measure electrical potentials at
various points in the system that would be directly proportional
to the flight equation values of the different flight parameters,
It is als0 possible to set up reference values in terms of elec-
trical potentials that would correspond to a level of desired
performance, The difference in the two potentials would then
describs the error in performance for the selected flight para=-
meter. Apparatus wus installed to measure these errors for the
flight parameters of heading, altitude, mach, vertical rate,
and airspeeds The error voltage was squared and integrated with
time for a period of one minute for each scoring period through
the use of an EA computer. The resultant error term was read-
out on a digital voltmeter on the experimenterts scoring panel,
shown in Figure lj» Square root extraction then provided an
error roct mean square (RMS) score,

Table 2 presents the selected parameters that were scored
during each maneuver, As the table shows, a total of 22 data
points were obtained for each flight. These error scores were
recorded on & scoring sheet that was designed to assist the
experimenter in proper scoring procedure and ease of measure=
ment recording, It is reproduced in Appendix B, Every effort
was made to insure consistently precise scoring procedures for
each flight. A standardized procedure was established and
followed explicitly., It is described in Appendix C,

Two modes of scoring were available, When the Master
Scoring switch was placed in the "Man" setting, the scoring
period began immediately upon depressing the "Start" button,
With the Master Scoring switch in the "Auto" position, de-
pression of the "Start" button armed the system to begin scor-
ing when the rate of vertical movement reached exactly zero.
This mode was used primarily to score level-offs, In both
modes, the scoring period consisted of an automatically-timed
one minute interval,

Equipment limitations made it necessary to limit the area
about the index of desired performance (IDP) that could be scor=-
eds The size of the avallable area that was utilized was regu-
lated by the results of pre-experimental testing, The following
sooring limits were set up as being compatible with subject capa-
bilities. Errors of performance larger than their respective

=18~
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Flight parameters scored during each mansuver of
the flight task.

::n. Maneuver Altitude Heading Mach Vert Rate Airspeed

s Climdb at 85 mach x x

b ° Climb at .85 mach x x

2 level-off at [0,000' x x

3 180° left tum x

b 180° right turn x

5 . Straight & level x x

6 Fast rate letdcwm x x

1 Level-off at 20,000* x x

8 Outbound penetration x x

9 Penetration turn x

10 level-off at 2300¢ x x

1 Low approach x x x
Total times scored 7 9 3 2 1

=20 .




limits were treated as maximum limit errorsg.

Heading $ 10 degroes

Altitude 2 800 feot

Vertical Rate + 2,000 feet per minute
Mach ¢ .12 mach

Adrspeed ! 30 knots

The parameters of vertical rate and airspead were scored
at just one value for ths IDP, LOOO fpm down and 170 knots re-
spectively., The reference voltages for these paramoters were
set up within the computer racks of the YF-102, The parameters
of heading, altitude, and mach were scored at more than one value
for the IDP, however, so the capability was provided for adjust-
ing reference voltages from the experimenter's panel., Precise
adjustment was made possible through the use of 10 turn 100K
reference helipots.

|
i
!

Experimental Procedure

All subjects performed the flight task once whils using
each panel configuration. Order of presentation of the-two
panels was counter-balanced: 15 subjects started on the stan~
dard panel and ended on the vertical reading panel, and 15
subjects started on the vertical reading panel and snded on
the standard panels This procedure was necessary to counter-
act any bias dus to learning effect.

Each flight on either panel was preceded by a cockpit
check ond a 10 minute practice session. Details are present-
ed in Appendix D,

an optimum time of three days betweeni flights on the two
panel configurations was selected as being most suitable from
the standpoint of mechanization problems of changing instiue
ments, re-calibrating the scoring equipment, and not aliowing
too much time to pass between flights. The achieved time in-
tervals between flights were as follows: 73,3 hours for all
X0 subjects, 71,9 hours for the 15 subjects who started on
the standard instruments first, and 747 hours for the 15
subjects who started or the vertical reading instruments first,

w2
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The significance of differences in pilot performance while
using standard reading primary flight instruments as compared to
performance while using vertical reading primary flight instru-
ments was tested by the analysis of variance technique for a
treatment x treatment x subjects without replication design as
described in Lindquist (1953) for the flight parameters of head=-
ing, altitude, mach, and vertical rate, Differences in perfor-
mance for the parameter of airspeed were tested for significance
by the t test method as described in Edwards (1950). Because
some of the pilots had previous vertical reading instrument ex-
perience, it was deemed necessary to insure that simple exper-
lence differences did not account for the primary performance
differences between instruments., Accordingly, separate analyses
were completed for the experjienced and non-experienced groups,
a8 well as all subjects combined, #

Heading Control

Tables 3, L, and 5 summarize the analyses as applied to
performance differences for the flight parameters of heading.
In the case of this parameter, the heading display remained
constant while the side instruments of mach, airspeed, altitude

.and vertical rate were changed from standard to vertical read-

ing. Table 3 shows the results for all 30 subjects. Table
shows the results for the 13 subjects who had previous verti-
cal reading instrument experience, and Table 5 shows the re-
sults for the 17 remaining subjects who had no previous exper-
donce with vertical resding instruments. Inspection of the
table indicates a significant between instruments difference
with varying levels of significance on gll three analyses,

Sa—

* Sumary tables containing the mean RMS error scores by maneu=-
vers for experienced, non-experienced, and all subjects on
standard and vertical reading instrument performance are
presented in Appendix E.
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These differences were all in favor of better heading con-
trol while using the standard reading side instruments, Be=
tween maneuvers differences all proved significant at the
o001 level, but since no effort was made to equate the dif=-
ficulty of the maneuvers, a significant difference would be
expected, Likewise, the significant between subjects dif-
ferences shown in all three tables would be expected, Sig~
nificant interaction effects appear in all three tables,

Table

Analysis of variance results for hisading performance
with standard versus vertical reading side flight
instruments for all subjectss N=30.

Sum of Mean
Source of variation Squares df Square F
Panels 13,782 1 13,782 13,0084
Maneuvers 110,631 8 13.829 134133 ’
Subjects 155,311 29 S5.356 5, 086w |
IxM 80756 8 1009!l 10039
IxS 60,926 29 1,756 1,666#
MxS 352,327 232 1,519 Lol 3w
IxMx8 2396 232 1,053 :
Total 936,129 539 i
L ST 4 Sige
#» 1 Sig.
. 5’ Sig.
|
|
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Table

&nalysis of varisnce results for heading performance
with standard versus wertical reading side flight
instruments for 13 subjects with vertical instrument

experience.
Sun of Mean
Source of variation  Squares daf Square F
Panels LeOO 2 LOWO Lo OLOn
Maneuvers 69.090 8 8.636 846363
Subjects Lhe?767 12 3.7 3473200
IxK 9.21i3 8 1,155 1,155
Ixs 0,051 12 1.670 1,670
Mx8 U3.n2 96 1497 1L9T*
IxMxS 95.973 96 1,000
Total 3064866 233 **: S.Su gig:
Table

Analysis of variance results for heading performance with
standard versus vertical reading side flight instruments
for 17 subjects with no vertical instrument experience,

Sunm of Mesan

Source of variation  Squares df  Square r

Panels 10.07!5 1 1000728 90285’*

Maneuvers L8.515 8 6,064 56589t

Subjects 110,487 16 54905 63610

IxM 9.118 8 1,240 1,051

IxS 30,553 16 1910 1,760

MxS 20106’41 128 10575 10!152"

IxMxS 138,818 123 1,085

Total Sh9.206 305 s ¥ Sig,
#* 1L Sig.

* 5’ 3180
2l
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Altitude Control

Tables 6, 7, and 8 summarize the results of the analyses
a8 applied to performance differences for the flight parameter
of altitude, Table 6 presents the results for all 30 subjects,
while Table 7 presents the results for the 13 subjects who had
previous vertical instrument experience and Table 8 presents
the results for the remaining 17 subjects who had no previous
experience with vertical reading instruments, All three tables
indicate a significant between instruments difference at the
«001 level. In each case, the difference indicated better pilot
performance while using the standard reading altimeter. The be-
tween maneuvers differences are shown to be significant at the
«001 level for all three analyses, as are the between subjects
differences. Again, these differences would be expected to be
significant., Several significant interaction effects are also
noted in all three tables.

Table 6
Analysis of variance results for altitude performance

on standard versus vertical reading flight instruments
for all subjects, N=30,.

Sum of Mean

Source of variation  Squares dar Square r

Instrunents 12,47 1 112,470 884 210wt

Maneuvers 1604372 6 264729 20,96]

Subjects 2304573 29 7951 60 236min

IxK 51.989 6 8.665 64796

Hx$8 360,174 174 2,070 1,620pex

Ix¥Mxs 221,890 174 1.275

Totad N7he727 LA9 w8 Sig,
" u 8180

~25=
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Table 7

Analysis of variance results for altitude performance
on standard versus vertical reading flight instruments
for 13 subjects with vertical instrument experience.

Sunm of Mean

Source of variation Squares daf Scuare F

Instruments 164836 1  L6.836 30, 5520

Maneuvers SU0L0 6 94007 -, SeB7Gear

Subjects U8L12 12 12,368 84 058%x

IxNM 220296 6 30716 20’42!1*

IxS 2!10327 12 20027 10322

#x8S 2260658 72 301138 20053**

IxMxS 110.381 72 10533

Total . 632.950 181 e 01{ Sigo
# 1% Sig.

* 5% sig.
Zable §

Analysis of variance results for altiitude performance
on standard versus vertical reading flight instruments
for 17 subjects with nv vertical instrument experience.

Sum of Mean
Source of variation Snuares df Square F
Instruments 654673 1l 65.673 696272800
Maneuvers 113,033 6 18,839 1700304
Subjects 7551 16 144909 Lo li310st0
IxNM 34795 6 5799 Se 23l
IxS$S 120893 16 .806 =
KxS§ 1260815 96 1,321 10192
IxMNxS$S 106,407 96 1.108
Total 5”0167 a37 mol‘ S:}go




Mach Control

Tables 9, 10, and 11 summarize the results of the analyses
as applied to performance differences for the flight parameter
of mach, Table 9 presents the results for all 30 subjects, while
Table 10 presents the results for the 13 subjects who had pre-
vious vertical instrument experience and Table 1l presents the
results for the remaining 17 subjects who had no previous ex-
perience with vertical reading instruments. A significant be-
tween instruments difference at the ,001 level is indicated on
all three tables. In all thrce cases, this difference favored
better mach performance while using the vertical reading instru-
ment. A significant between maneuvers effect at the ,001 level
will again be noted for each analysis. Between subjects iife
ferences are significant at the 0l level for all three analyses,
Further inspection will indicate several interaction effects
significant at the 0l level,

Table 9

Aralysis of variance results for mach performance on
standard versus vertical reading flight instruments
for all subjects, N=30.

Sun of Mean

Source of variation  Squares df  Square F

Instruments 69.311 1l 69,311 T8 o LG Gascit

Maneuvers 198,380 2 99,190 11243330

Subjects 87.126 29 3.01h Seld Iein

IxH 20,07 2 10,459 11,8l

IxS 16,357 29 o564 -

MxS 103,040 58 1,777 2,0120%

IxMxS ﬂom 58 .883

Total SU6.636 179 wer 1K Sig,
" 1% 8ig.
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Table 10

Analysis of variance results for mach performance on
standard versus vertical reading flight instruments
for 13 subjects with vertical instrument experiencee

Sum of Mean
Source of variation Squares dar Square P
Instruments 30,162 1 30,162 bils o 81 73t
Maneuvers 8k0776 2 142,388 624981 ptit
Subjects 3365 12 2,805 Lie 268
IxM 17,520 2 8,760 13,0163t
Ixs 7.638 12 637 --
¥xsS 22,116 2, 0922 1,370
IxMx$ 16,153 2 673
Total a2,019 17 *:: i%% gigz

Table 11

Analysis of variance results for mach parformance on
standard versus vertical reading flight instruments
for 17 subjects with no vertical instrument experience.

«28=
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Sun of Mean

Source of variation Squares df  Square F

Instruments 39,149 1 39.149 384 761t

Maneuvers 115,096 2 S7.5u8 56978

Subjects 53,094 16 3,318 3020500

IxM 64152 2 3,076 3.046

Ixs 8.719 16 o5kS .-

Mx$ 90432 32 2,482 2611570

IxMxS 32,307 32 1,010

Total 333.549 101 wt 1L Sig,
o 1% Sig,




Vertical Rate Control

Tables 12, 13, and 1l summarize the results of the analyses
&8s applied to performance differences for the flight parameter
of vertical rate. Table 12 presents the results for all 30 sub~-
Jects, while Table 13 presents the results for the 13 subjects
who had previous vertical instrument experience and Table 1
presents the results for the remaining 17 subjects who had no
previous experience with vertical instruments, Inspection of
these tables reveals that no significant differences were found
in performance on standard versus vertical reading presentation
of vertical rate flight information, With just two maneuvers
involved, the tables also indicate that between maneuvers dif-
ferences were not significant. Between subjects differences
proved significant at the .01 level or better., The instru-
ments by subjects interaction effect for all 30 subjects was
significant at the .05 level.

Table 12

Analysis of variance resuits.for vertical rate performance i
on standard versus vertical reading flight instruments )
for all subjects., N=30, ,

' Sunm of Mean
Source of variation  Squares df Square F

Instruments «010 1 <010 .-
Maneuvers 2,303 1 2,303 2,490

Subjects Uy7.,502 29 5,086 Sels 98

IxH 32 1 342 3.698
Ixs SheliBS 29 1.879 2,031#
xS 29,913 29 1.0 1.115 ,
IxMxS$ 26,826 29 o925 :
Totel 26460 119 wu 1% Sige

*” sj_-‘o
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Table 13

Analysis of variance results for vertical rate performance
on standard versus vertical reading flight instruments for
13 subjects with vertical instrument experience.

Sum of Mean
Sowxrce of variation Squares af Square F
Instruments o915 1 o915 -
Maneuvers «T10 1 o720 - -
Subjects 69.593 12 5,799 Se820:
IxM 3.998 1 3,998 L4018
IxS 294973 12 2,498 2,51
MxS e 1463 12 1.205 .21
IxMxS$§ 11,937 12 995
Total 131,589 Ol #% )L Sige
Table 1l

Analysis of variance results for vertical rate performance
on standard versus vertical reading flight instruments for
17 subjects with no vertical instrument experience,

Sun of " Mean
Source of variation Squares af Square P
Instruments 693 1 693 .-
Maneuvers 1.637 1 1637 1,886
Subjects 77,886 6 L.Bé8 5e608t
IxM C o el27 | oli27 --
Ixs 22,91l 16 1.432 1,650
MxS 15,106 16 963 1.109
IxMxS 13.885 16 +868
Total 132,848 67 e (1% Sig.

=30~




Airspeed Control

Table 15 summarizes the t test analyses of the RMS error
differences for the flight parameter of airspeeds As the
table indicates, no significant difference in performance
between the standard and vertical reading airspeed indicator
was found for all 30 subjecte, or for the experienced and
non-e¢xperienced groupss These analyses covered just one
maneuver, the low approach at 1300 feet while maintaining
& heading of 230 degrees and an airspeed of 170 knots,

Table 15

Results of t tests on differences in mean airspeed
RMS error on standard and vertical reading flight

instruments,
Subject Group t df Sige
13 Experienced Subjects 0926 2L NS
17 Non-Experienced Subjects ,881 32 NS
A1l 30 Subjects 1,300 58 NS

e




Individual Maneuver by Flight Faramster Analysis

To further test the significance of differences in the
JMS error scores by maneuvers for the flight parameters of
heading, altitude, mach, and vertical rate between standard
and vertical reading instruments, individual t tests were
computed for each maneuver by parameter for all 30 subjectse
The results of these tests are summarized in Tables 16, 17,
18, and 19, In general, these tables substantiate fully the
results of the analyses of variance performed on the data.
The individual tables are reviewed below.

Heading Msneuver Performance

Table 16 presents the results of the individual maneuver
3 tests on heading performance. It should again be remember=
ed that the heading instrument remained the same while the
side inatruments were changed from standard to vertical read-
ing. The table shows that after submitting the differences
in RMS error scores for each maneuver to the t test, only one
maneuver, the level-off at 2300 feet, proved significant at
the o405 level in favor of perfomance with the standard read-
ing side instruments. However, when the cumlative effect of
RMS error scores for all maneuvers was subjected to a ¢ test
for the differences in performance, a significant difference
at the .01 level in favor of performance with the standard
veading side instruments was recordeds This is in agreement
with the results of the analysis of variance previously
reported.

«32-




Table 16

Results of t tests on differences in mean heading
RMS errcrs with standard and vertical reading side

flight instruments for all subjects. N=30.
Man, Meanon Mean on Yean
No, Standard Vertical Diff, df ¢ Sig.
1a 2,590 3.251 o661 58 1,211 NS
1b .71 1,725 o0} 58  ,052 NS
2 1,889 2,169 «280 B 95 NS
5 1,354 1472 118 S8  .505 NS
6 1.157 1,286 0129 €8 21 NS
7 1,826 1,882 «056 S8 176 NS
8 1,485 1,792 0307 58 1,158 NS
10 1.342 2,020 678 58 2,201 05
.1 1,536 2,167 631 58 1,743 N8
ALl 1,654 1.974 0320 538 2,832 L0
=33
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Altimeter Maneuver Performance

Table 17 shows that altimeter performance was signifi-
cantly better at the .0l level in favor of the standard
reading altimeter for all maneuvers except one. On this
mansuver, the level-off st 20,000 feet, no statistically
significant difference in performance between instruments
was found,

Table 1

Results of t tests on differences in mean altituds
RMS errors on standard and vertical reading flight
instruments for all subjects, N=30,

Man, Mean on Mean on Nean
Noe Standard  Vertical Diff, daf b Sig.
2 2,072 3.864 1,792 58 3,507 .01
3 1.108 2.433 1,325 58 345 L0
I\ 1.385 2,715 1.330 58 3,205 .01
5 o634 2,184 1,550 58 Le669 0L
7 2,218 173 505 58 1,33 NS
10 1,067 2,072 1,005 8 365 W00
11 ohi26 1,173 Y 8 2,884 .01




Mach Maneuver Performance.

Table 18 indicates that mach performance on the vertical
reading instrument was significantly better at the (01l level
than performance on the standard reading instrumont for all
three maneuvers involving specific mach number control,

Table 18

Results of ¢ tests on differences in mean mach RMS errors
on stendard and vertical reading flight instruments for all
subjects, N=30,

Man, Msan on Mean on Mean

No.  Standard Vertical Diff, dr L Sig.
la L4863 2,671 2,192 8 S.l2 01
b 2,458 1.5k o504 58 2,852 0L
) 1,577 «950 o627 ° 58 34503 Ro ]

Vertical Rate Mansuver Perforriance

Table 19 indicates no differencas in performance on either
maneuver involving verticsl rate control on standard or vertical
reading instruments, A small difference in alternate directions
was recorded, but as Table 19 shows, these differences were
statistically insignificant, .

Table 19
Results of t tests on differences in mean vertical rate

RMS errors on standard and vertical reading flight in-
struments for all subjects, N=30,

Man, Meanon -Mean on ., Mean .
Noe Standard Vertical Diff, daf L3 8ige

’e' 3,755 Ls07% o329 58 ..70 NS

9 3.615 3.460 355 S8 983 NS

S ———
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risnced vs N rienced Performance
on Ve ading Instruments

To test the differences in performance of experienced
versus non~experienced pilots on vertical reading flight ine
struments, it was necessary to ferret out thoss experienced
and non-experienced subjects who had performed on the instru-
ment configurations in the same order of presentation. It
wes found that 8 experienced and 7 non-experienced subjects
had flown the vertical reading instrument configuration first.
The distribution of subjects who had flown the vertical reade
ing instrument configuration last was less balanced, 5 exper-
denced and 10 non-experienced, because no attempt was made to
oontrol the order of appearance of the subjectss The RMS error
scores for the group who performed on the vertical reading ine
struments first were compared by t tests for the flight parae-
moters of heading and altitude. The results are summarized in
Tables 20 and 21, These tables indicate that there were no
significant differences in performance on heading and altitude
ocontrol on any of the maneuvers while using the vertical read-
ing instruments between the selected experienced and non-
experienced subject groups,

Table 20

Results of t tests on differences an mean heading perfore
mance with The vertical reading side instruments for the
experienced and non-experienced subjects who performed on
the vertical reading instruments first.

Mansuver Experienced Non-Experienced Mean

Number  Mean N«8 Mean N=7 piff, df 4+  Sig.
la 24935 34001 066 13 075 NS
b 1.7L9 1.240 o509 13 LSy NS
2 1.957 24660 o703 13 1.0 s
H 1,268 1.754 86 13 159 NS
6 998 1,198 +200 13 J& NS
1 1,637 1,987 3% 13 S04 NS
8 1.5 1.775 0266 13 J32, ¥

10 1.299 2,830 1,51 13 1879 s

n 2,496 2,111 o385 13 379 NS

-3
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Table 22

Results of t tests on differences in mean performance
on the vertical reading altimeter for the experienced
and non=-experienced subjects who performed on the
vertical reading instruments first.

Msneuver Experienced Non-Experienced Mean

Number Mean N= 8  Mean Nw=7 piff, dafr t  Sig.
2 3.L90 3.526 «036 13 040 Ns
3 2,590 1,937 653 13 JS9% Ns
L 1,953 2,789 83 13 1200 NS
5 1.670 «899 Mn 13 1,637 Ns
1 1.876 2,045 o169 13  ,202 Ns

10 1,968 2,028 o0 13 .22 N

11 1,358 1,093 0265 13 31 NS

Altimeter Reading Errors

Throughout the flight task, the experimenter maintained
& vigilant look=out for evidence of altimeter reading errors
on both altimeter displays. No altimeter reading errors were
detected at any point throughout the profile under either dis~
play configuration,

A spacific scoring point was set up on the scoring sheet
to record the altitude at which the penetration turn was com-
menced, All penetration tums were initiated within & 200
feet of the instructed altitude for either altimeter. This
is considered to be within the perfomance criteria limits
that most pilots set for themselves, and is not regarded as

any kind of reading error,
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DISCUSSION OF RESULTS

This study represents one of the first attempts to measure
and evaluate pilot simulator performance on the whole peuel basis,
It has been common practice to evaluate performance on one type
of instrument, usually with the major emphasis on "good" perfor-
mance being assigned to that particular instrument. In reality,
"good" perfommance must come as a result of proper =sading and
interpretation of several flight instruments. To remove one, or
poasibly two, instruments from the panel and direct investigation
towards performance on them, is not looking at the entire infor-
mational context of the pilot's task, Provision should be made
to record performance on all instruments contributing to the
display of information required by tae pilot to maintain the
desired flight pathe The present study was designed to accom-
plish this objective,

Why Vertical Instruments

The need for a shift to vertical reading instruments was
necessitated by a number of reasons, emong which are the
Zollowing:

1. Not enough room for scale length on the circular
dials,

2, No fessible method evailable for displaying command
infornation,

3, In the case of the thris pointer altimeter, ths
inherent interpretation error characteristice.

However, as previously stated, such a shift in display prin-
ciple must assume a corresponding shift of equal or better
pilot performance to the new instrument display technique.
Unless this ie accommlished, arything else gained by the
change would be offzet by degradation in performance.

The present study has examined differences in pilot sim-
wlator performance on two flight parameter display principles
only. These principles are circular dials versus verticsl
xoving-tapes, It is not a comparison of the Air Force Phase
II Panel aiid the round standard reading instruments. The Phase

«38-




A Sy

II instruments provided a convenient vehicle from which to ob-

tain vertical reading moving-tape displays of flight parameter
information. Conclusions can only be extracted from the results
in terms of these display principles. Any extrapolation to the
Phase II Panel must be viewed with full cognizance that the
Phase II Panel adds still a third display principle -= that of
the use of cormand indices, It can logically be assumed that
the addition of command markers should improve porfomance, but
this is en assumption which can be tested experimentally and
sugprests another pilot performance measurement study, comparing
performance on vertical reading instruments with and without
comand information,

Interpretation of the Findings

Reviewing the results, it was indicated that heading per-
formance was superior while using the standard reading side in-
strunents, altitude performaice was superior while using the
standard reading altimeter, mach performance was superior while
using the vertical reading mach indicator, and vertical rate and
airspeed performance showsd no differences between instrument
configurations, Separate analyses for those subjects with and

wthout vertical instrument experience did not change the results

of the overall analyses.

Mach, Vertical Rate, and Airspeed

In the light of the previous discussion, the results of
the present study may be interpreted in this manner, Perfor-
mance on the vertical reading instruments for mach, vertical
rate, and airspeed was found to be essentially equivalent to
or better than performance on the standard reading instruments
for the same flight parameters. As a result, it may be con-
cluded that no degradation in performance may be expected on
& shift from standard to vertical reading instruments for ths
flight parameters of mach, vertical rate, and airspsed with
scale factors comparable to those used in this study. Such a
shift would only involve & change to vertical moving-tape dis-
plays without cormand markers. Howsver, by making the change
to vertical reading displays, it is then possible to overcome
the scale length limitations of circular dials and to make the
addition of commamiindices. As prvviously suggested, a logical
asswption would call for the expectation of better performance
with ths cormand markers added to the vertical display. Human
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factors experimantation could test this assumption.

Altitude

Altitude performance results present a somewhat different
picture, The results indicated that perfomance on the standard
three=pointer altimeter was superior to that obtained on the
wertical reading altimeter. ¥rom previous work by Mengelkoch
and Houston (1958a, 1958b, 1958¢), these performance differences
ocan protably be attributed to a lerge extent to the problem of
scalar design. The scale factor in the vertical reading altimster
(2" per 1000') is not conducive to equivalent performance with
that on the standard reading instrument. Again, the vrior work
of Mangelkoch and Houston suggest the direction of change to be
used in an attempt to produce equivalent performance on the two
types of altitude display principles, An expansion of the lin-
ear scale factor on the vertical moving-tape is suggested, ke-
cently, other proposals for increasing the sensitivity of alti-
tude moving-tape presentations have been suggested by Gainer
(1959a), These include the introduction of non-linear scales,
ocombinations of non-linear scales, combinations of linear and
non=linear scules, and combinations of linear scaless Experi-
mntal evaluation of these scales has been recommended (Gainer,
1959b) and is scheduled for early completion. It is anticipated
that the results of the forthcoming studies will produce an alti-
tuds moving-tape scale that will promote performance at least
equivalent to that obtained on the thres-poinier altimeter,

Once this point has been reached,the shift to a wvertical read-
ing altimeter will be justified, In addition to no performance
degradation, the capability of command marker presentation and
the virtual elimination of interpretation errors will make the
vertical reading altimeter a valuable asset to modern~-day aviation,

Heading

Heading performance was recorded on nine maneuvers, each
somewhat different from the other. It will be recalled that
the heading instrument itself was not changed for the two dif-
ferent panel configurationse Along with the Attitude Director
Indicator; it remained the same while the side instruments for
mach, airspeed, altitude, and vertical rate were alternated,
A highly significant difference at the (00l level was shown to
favor performance with the standard reading side instruments
for all 30 subjects, The difference in performance for the 17
subjects .with no previous vertical instrument evverience was
significant at the (0Ol level in favor of performance with the
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standard reading side instruments. The level of significance
for the difference in performance for the 13 subjects with
previous vertical insirument experience dropped to the 05
level, still in favor of performance wita the standard read-
ing side instrunents. It is tempting to intsrpret thess re-
sults as indicating that previous experience with vertical
reading instruments does not influence performance on heading
ountrol. If the .05 level of significance is acceptable, it
nmight be concluded that previous experience had no effect on
heading performance, and that heading control remained super-
ior for the panel configuration with the standard reading side
instrumenta, regardless of any previous experience with vert~
ical reading instruments. From the strictly statistical ap-
proach, it is necessary that the .05 level of significance be
accepted on the basis of pre-experimental decision. However,
from the operational viewpoint, there sppears to be some ine
dication that prior experience with vertical reading instru-
rents seemed to allow more time for heading monitoring aside
from primary pitch control under the conditions of this
experiment,

Since performance on the Horizontal Situation Indicator
was not compared to that of any other heading indicator, this
discussion is purely speculative. The heading indicator was
used primarily as a control instrument to indicate the effect
that changing of the side instruments might have on heading
performance, Although not statistically supported, as pre-
viously stated, this procedure provided the only indication
that experience level (on vertical reading instruments) may
have some effect on initial porformencs.
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APPENDIX A

Flight Instructions

The following flight instructions were read verbvatim from
typewritten cards prior to the indicated maneuver.

Introductory Statement

How do you read me?

Roger, I read you loud and clear,

A1l flight instructions will have a definite starting command
such as "Begin NOW",

Please do not initiate any maneuver prior to receiving this
command,

You need not acknowledge any further ineiructions, however,
feel free to request & repeat,

Your call will be "Air Force 59",

Take-off, Climb-out, and level-off at L0,000!

Air Force 59

You are cleared to take~off and climb on & heading of zero
dogrees,

Uss 100% with afterburner for the climb,

Stay below 3000' until you reach mach .80 and then set up
and maintain & climbing mach of 85,

Lavel off at 10,000, 96% without afterburner, snd maintain
40,000 and & heading of sero degrees until further advised,
I repeat: (repeat the instructions),

Begin your take-=off NOW,

180° Turn to the Left

Air Force 59

You are to make & 180 degree LEVEL TURN 70 THE LEFT,
Maintain }0,000!, use a 30 degree bank and your present
power setting of 96% without afterburner,

Begin your turn NOW.
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280° Turn to the Right

Air Force 59

You are to make a 180 degree LEVEL TURN TO THE RIGHT.
Maintain 40,000 feet, use a 30 degree bank and your
present nower setting of 96% without afterburner,
Begin your turn NOW,

Straight and Level Flight

Air Porce 59

Madintain 40,000 feet, heading zero degrees, and 96% until
further advised,

Fast Rate Descent to 20,000

Air Force 59

You are cleared to descend to and maintain 20,000 feet.
Use 85% and maintain mach 1,0 during the descent,

Leave the power at 85% after leveling off at 20,000 feet.
Hold yourheading of zero degrees throughout the maneuver,
I repeat: (repeat the instruction).

Begin NOW,

Jot Penctration

Low

Air PForce 59

You are now apprcaching the range station and are cleared
for a penetration,

Refex to the placard.

After passing the high station, extend 3/l speed brakes and
set up & L4000 foot ger minute rate of descent,

Leave the power at 85%, Begin a right penetration turn at
11,000 feet using 8 30 degree bank, Inbound heading is
230 degrees, level off at 2300 feet, advance pewer to 92%,
drop the landing gear, pull in the speed brakes, and maine
tadin 2300 feet and a heading of 230 degrees,

I repeat: (repeat the instruction).

Standby for the high station,

roach

Adr ?orce 59
You are row four miles out and are cleared to descend to

el
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and maintain 1300 feet, heading 230 degrees, 170 knots,

After passing the low station, extend particular effort
to maintain 1300 feet, 230 degrees, and 170 knots until
further advised. :

Begin your descent NOW,

Flight Termination

Adr Porce 59
That completes the flight,
The simlator is frozen,

Canopy is coming up, (Open the canopy).
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8co Sheet
e SUBJECT NO, _______ CONDITION ____
Rank/Job Time ls3t 6 months Total Time
Age Jet Simul, Time Instrument Time
Date Wnite/Oreen/CAA Inste Card  Jet Time —_—
Previous vertical instrument experience: Yes _ | No[ | Hours —

(1) cLIMB 10 }0,000!

5,000") (26,000)
Mach ! Mach
(.85) L__i| (es) |
Heau, He —
(360°‘)lg (3:?:8%1)18 L__I

(2) 1EVEL OFF L0,000!

Altituds
(k0,0001)

(360°)

L]
L]

(3) 180° 1EFT TURN

4" titude
(ko0,c0')

emmac——— *

L]

(k) 180° RIGHT TURN

Altitude
(0,000)

(5) 5 & 1 bo,000t

Altitude
(40,000t )

Headi.
(360%)°

-~ —— .

|

(6) FAST RATE DESCENT

(7) LEVEL OFF 20,000

ch I 1] Altitude A
Headi — Headin —
(360°)° || G5 [ ]

(8) OUTBOUND PENETRA,

Ve, te
(h%)
Hea
=

L5,000!)

|

.——-——.l

(9) PENETRATION TURN

(10) LEVEL OFF 2300'

Vi te ' i Altitude R
(ﬁ’éoo%) L] (2%0) L

'y T Re -
ooy Ll | @ C

(11) Low APPROACH 1300

Altitude
(1300t )

Hea
@5

Airspeed
(170 imots)

[ e

L]

i~
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APFENDIX C

Seoring Procedures

The following scoring procedures were observed for all
experimental runs. The numbers correspond to the scoring
maneuvers on the scoring sheet,

(1) Take~off and Climb to 40,000 Feet

Master Scoring switch on "™Man® (Manual),

Push "Start™ button (begin scoring) at 5000 feet.
8core mach at +85.

Score heading at zero degrees.

Readout error scores,

Reset integrators.

Master Scoring switch on "YMan",

Push "Start* button (begin scoring) at 26,000 feet,
Score mach at 085.

Score heading at zero degrees,

Readout error scores.

Reset integrators.

(2) level-off at 10,000 Feet

Master Scoring switch on FAuto" (Automatic)

Push "Start" button (system is now armed to begin scoring
sutomatically when vertical rate reaches sero) at 39,200 feet,
Score. altitude at 10,000 feet.

Score hieading at zero degrees.

Readout error scores,

Reset integrators,

{3) 180 Degree level Turn to the left

Master Scoring switch on "Man", .

Push *Start® button (begin scoring) when bank reaches 30
degrees, .

Score altitude at 10,000 feet.

Readout error score.

Reset integrators,
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180 Degree level Turn to the Right

Master Scoring switch on "Man®,

Push "Start? button (begin scoring) when bank reaches 30
degrees.

Score altitude at 40,000 feet.

Readout error score.

Reset integrators.

(5) Straight and level Flight

Master Scoring switch on "Man",

Start timer clock when finished with voice instruction,
Push "Start" button (begin scoring) when 30 seconds have
elapsed.

Score altitude at 0,000 feet.

Score heading at zero degrees.

Readout error scores.

Reset integrators,

(6) Fast Rate lot-down

Master Scoring switch on "Man",

Push "Start® button (begin scoring) at 37,000 feet.
Score mach at 1,0,

S8corm heading at zero degrees.

Resdout error scores.

Reset integrators.

(7) level-off at 20,000 Feet

Master Scoring switch on "Auto",

Push ®Start" button at 20,800 feet (system now armed to
begin scoring when vertical rate reaches zero).

Score altitude st 20,000 feet,

Score heading at zero degrees.

Reatout error scores,

Reset integrators.

(8) Outbound Penetration

Master Scoring switch on "Man",

Push "Start" buiton (be scering) at 18,000 feet.
Score vertical rate at LOOO fuet per minute.

Score heading at zero degrees,
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Readout error scorese.
Reset integrators.

{9) Penetration Turn

Master Scoring suitch on "Man",

Record altituds when bank (turn) is commenced.

Push #Start® button (begin scoring) whern bank reaches 30
degrees.

Score vertical rate at LOOO feet per minute,

Readout error score.,

Reset integratorse

(1v) level-off at 2300 Feet.

Master Scoring switch on "Auto",

Push "Start" button at 3100 feet (system now armed to begin
scoring automatically when vertical rate reaches zero,)
Score «ltituie at 2300 feet,

Score heading at 230 daogrees

Readout error scores.

Reset integrators.

(11) Low Approach at 1300 Feet

Master Scoring switch on "Man®,

Start timer clock when vertical rate reaches zoro when
withdn 200 feet of 1300 feet altitude.

Turn on station marker light at end of 30 seconds.
Push "Start" button (begin scoring) and turn off station
“marker light at end of 5 seconds,

Score altitude at 1300 feet,

Score heading at 230 degreces.

Score airspeed at 170 knots,

Readout error scores.

Reset integrators.

— e
T Y A o A APt % & P -
ﬁ"“%‘bm




¢

e

APPENDIX D

Cockpit Check

Prior to each flight in the YF=102 Link flight simulator,
the subject was given a thorough cockpit check covering all
ths controls, switches, and instruments that would be used by
him during the experimental run, After the subject had enter-
ed the cockpit, hs was asked to make himself comfortable by
adjusting the rudder pedals and the seate The following
checklist was then used to complete the checks

Throttle Control

1. Normal use.

2. Afterbumer operation.

3. Speed brake switch and operation,
ho Mike button,

Landing Gear

1. Handle operatiwmn,
2+ JIndication,

Instrument Panel

1, Attitude Director Indicator. (Operation and
interpretation of display).

2. Horiszontal Situation Indicator. (Operation and
intarpretation of display).

3, Adrspesed-Mach Indicator, (Operation and inter-
prevation of display).

he Altimeter-Rate of Climb Indicator., (Operation
and interpretation of display).

Se Percent RPM indicator, (Operation and interpre-
tation of display).

6. Station marker light.

7. Speed brake indicator.

8. Penetration card.
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- Control Stick

e Sensitivity of control action.

2+ Trim control (pitch trim slow, necessary to hold
donger).

3¢ Mike button (alternate),

he Pilot assist button (caution against using).

Canopy Opsration

1, Switch location and operation.
2, Panel light location.

Any Quostions

Headsst and L12 Mike

1, Flight instructions will be given over the
intercom,
2 Put headset on and get it adjusted,

Refer to Practice Session Instructions

Practice 8sasion

A ten minute practice session was given to each subject
before each flight in the simlator. The following instruce
tions were read to ths subjects vertabim, At times it was

necessary -to supplement the instructions with additional com-
mnts, if the subject had difficulty in handling the trainer
dxring the take-off,

£
1¢ 0X, w are now ready for a practice session. I will
close the canopy and instruct you through a take-off
from the perch here, (Closs the canopy, making sure
the canopy reils are clear),

2, The engzine is nov at idle RPM,

3. I want you to advance the throttle full forwvard, As
the RPM nears 100%, kick in the aftervurner by moving
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8.

9o

o 10,

At this point the time was noted for purposes of starting

the throttle outdoard.

0K, we'ie in afterbumer operation; shen the airspeed

reaches 150 knots, begin rotating the nose to about

10 degreespitch up.

the altimeter, it will be necessary to apply forward

Once airborne, as indicated by

stick pressure and trim {0 keep the nose from shooting

up rather abruptly.
0K, you're airborne

Keep the pitch up angle at 5 degreesor less and stay

» raise the landing gear.

below 3000t until mach .80 is reacheds As you pass

through mach (80 then increase the pitch up angle end

set up a climbing mach of .85,

0K, you're passing

through mach o80, increase the

pitch up angle slightly and set up a climbing mach

of 0850

You will now have 10 minutes to practice climbs,
turns, level flight, descents, and speed brake

opsration,

Request you stay below 20,000!,

It's all yours, .

the 10 minute practice periods During the practice session,
tas stotion marker light was turnmed on and the subject was asked
to signal when he had the light adjusted to a desired brightness.

The light was then turned off.

Just pricr to the completion of
nine minutes practice, the subject was informed that there was

one minute remaining in the practice session and it was suggested
that he start down toward ground level, When the ten minutes
were up, the simulator was put in the "freeze" poajtion and the

canopy was opened.

in normal operation and flew it to ground level. The subject
was asked if he had any questions about the operation of the

simalator or the instruments., After answering any questions,
the experimenter went through the following checklist to in-

sure proper and identical starting points for each flight:

b 8
2o

3.
ke

Ground level (zero

feet altitude).

Zoxo degrees heading,

Idle RPM,
Landing gear down,

Sl

The experimenter then put the simulator back
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Se Speed brakes in,
6o Pilot assist off.
7¢ Damper on manual,
8. Any questions.

The canopy was then closed and the experimenter went to the

experimsnter's control panel to begin the flight task instruc-
tions,
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APPENDIX B

Table 22
Mean Heading RMS Errors

Maneuver Experienced Non-Experienced A1l Subjects
Number Standard Vertical Standard Vertical | Standard Vertical
la 2,632 3707 2,558 2,903 2,590 24251
b 1) 1,591 1.742 2,802 1.712 .71 1,725
2 1,897 1,967 1,883 2,32 1,889 2,169
5 1,187 14399 1,253 1.527 1,35 L.k72
6 1,091 1.199 1,207 1,351 1,157 1,286
7 1,875 1,698 1,788 2,022 1,826 1,882
8 1,347 1,839 1,590 1,756 1,485 1,792
10 1,187 1.168 1.231 244k2 1,342 2,020
n 1,632 2,384 1,162 2,001 1,536 2,167

Table 2
Mean Altitude RMS Errors
Mansuver Experienced Non-Experienced All Subjacts
Nizmber Standard Vertical | Standard Vertical | Standard Vertical
2 2,280 3.6 1,912 144050 24072 3.864
3 L.174 24679 1,056 2,245 1,108 2,433
b 101409 2.139 1.368 24926 1.385 2,715
5 «818 2,535 ou93 1.915 o634 2,18
1 2,306 1.703 203 1,766 2,28 1,743
10 1.336 2106 81 1.817 1,067 2,072
k1 ol29 L.462 o2l o951 oli26 1173
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Table 2}

Mean Mach IS Errors

Maneuver Experienced Non~-Experienced All Subjects
Number Standard Vertical Standard Vertical Standard Vertical
la 110903 2,373 Le832 2.898 ko863 2,671
b 2,517 1,618 2,390 1,505 2,158 1,554
6 1.243 «970 1,833 «93k 1,577 «950
Table 25
Mean Vertical Rate RMS Errors
Maneuver Experienced Non=Experienced A1l Subjects
Nunber Standard Vertical Standard Vertical Standard Vertical
8 3511 La306 | 3.9l 3.897 3755 Leo7h
9 3.850 3,500 3,785 3.l429 3.815 3.460
Table 26
Mean Airspeed RMS Errors
Muneuver Experienced Non-Experienced All Subjects
Number Standard Vertical Standard Vertical Standard Vertical
1 1,290 1,895 1,638 2,084 1,187 2,002
5l
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