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INTRODUCTION

For many years flight crew training followed a very itraditional pattern;
pliots were required to practice maneuvers in an asireraft for the purpose of
developing skill levels sufficient to pass a rating check. Each new training
program vas medeled after those preceding; changes were wminimsl.

Later, as a result of the ingenuity of persomnel concerned with training
problems, the use of grcund training devices was introduced inte pilot train-
ing programs. These trainers were first used for instrument flight training
and later for procedures training. After several evolutions of ground-based
trainers; each possessing increased trelning capability, managers of pilot
training progrems became increasingly aware that simulators provide a suite -
able treining environment and achieve many training objectives in a more
efficient manner and with greater safety than the aircraft they simulate. At
the present time, flight simulators have progressed to a point where airline
training center mansgers foresee using little or no aircraft time in upgrading
pilots to new equipment gqualification.

Even with incressed emphasis on the use of ground training devices 7
little attention was given to the role of the instructor. Simulator flight
instructors were also burdened with such tasks as problem control end simu-
lator operation, and thus were too overburdened to apply their instructional
talents effectively. The result was less than maximum effectiveness in the
use of modern ground training devices.

With the advanced digitel compuiers and programming techniques now . _
avseilable, solutions to these instructor problems exist. Automsted instructor
aids such as problem initialization, melfunction insertion,and objective per-
formence evaluation can relieve the insitructor of much of his auxiliary work-
load, allowing him to assume his unique role as a manager of training.

AUTCMATED TRAINING FEATURES

Pollowing is a discussion of some sdvanced training techniques that
have been devised for use with moderm pilot training in flight simulator com-
plexes (the order 4in which the items are listed is irrelevent).

1. Rapid Initialization. Many years of pilot training have pro-
duced a general sequence for teaching flying. Generally, flight training
begins with the instructor flying the aircraft to a safe altitude, and then
allowing a student to examine the effect of control movements. Simple, basic
maneuvers such as straight and level flight, medium turns, climbs, end dex
© scents are then practiced. These are followed by maneuvers of inereasing
complexity until the entire syllabus has been presented. This sequence of
learning has proven successful and necessary only,when aircraft are used and,
when safety of flight is paramount. However, since these first-learned basic
maneuvers are required in all later flights, 2 considerable amount of expensive
alrereft time is necessarily consumed in repeating these maneuvers for ‘other
than learning regquirements. This iz true for both instrument and contact
flight activities in either begimming flight schools or professional pilot
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training. While such inefficient use of expensive hours cannot be eliminated,
when using aircraft, it can be eliminated vhen usirg simulators. Rapld ini-
tialization allows the instructor (or student) to quickly select a prepro-
gremmed position and simulator configuration without flying to that position.
The result is restricting practice to the desired. training objectives, greater
utilization of simulator, trainee and instructor time, and a significant re-
duction in costs. With the use of currently available computers, the number
of preprogremmed starting points and configurations are almosi unlimited.

2. Automated Demonstrations. Another technigque commonly used in
flight instruction is the demounstration of a meneuver by an instructor after
which the student is permitted ito practice the same maneuver. The demonstra-
tion of these maneuvers veries not only from instructor to insiructor but alsc
from trial to trial; this inconsistency provides a poor model for the student.
By using a high-speed computer to drive the simulator, it is possible to pre-
‘sent a consistently perfect (or purposely erroneous) model performance which
may be used aggin and again by all students. Any number of maneuver demonstra-
tions may be developed. This technigue frees the iInstructor from the aircraft
‘flying task and sllows him to concentrate on insuring that the ftrainee under-
stands the basic cues and subtleties necessary to perform the maneuver. These
models also permit increased efficiency in the use of the simulator for solo
‘student training flights,and mey be used effectively to SUandardlze instructors
as well as ratings of performance.

34 - Automated Seguencing of Msneuvers. An extended application of the
automatic demonstration mode is the capability of preprogrammlng a sequence of
maneuvers. Since each maneuver . or mission segment.,is coded for individual se-
lection it is a simple process for an operator to either program a series of
maneuvers, or to call up new ones, if student performance indicates such to be
desirable.

L, Automated Malfunction Ingertion. An important aspect of all pilot
“training, particularly in aircraft with more complex systems, 1s the handling
of malfunctions and emergencies. While some of this training can be taught
in the aircraft, it is an expensive classroom. Since many of these procedures
may induce safety of flight problems,or cannot be taught in the aircraft, the
use of ground trainers is required for hands-on training. An additional con-
sideration is that the handling of malfuncitions and emergencies can best be .
taunght if no artificial cues, such as observing the actions of an instructor or
engineer, are provided. The use of computer-controllied malfunction insertion
provides more realistic cueing (progressively worsening if approp?1ate), and
realistic and effective training can then be achieved.

5. Monitoring Procedural Items. Early phases of pilot training in-
volves the learning of new procedures as well as basic percepiual-motor skills.
Once the basic piloting skills are learned, more advanced flight maneuvers are

performed by simply using different combinations of these skills. On the other

hand, nev or added equipment usually involved learning procedure sequences
which differ significantliy from those learned earlier.

Since these procedures are well=-defined,and can be described in
terms of system logic, they are readiLy adaptable to monitoring by the com- _ _
puter software associated with modern simulator complexes. For the same rea-.
son, it is relatively simple to automate a training program for student use.
This capability, when used in medern simulators, serves to relieve the in- =
structor of a significant portiocn of this otherwise attentzon-demanding and
time-~-conswaing task. This capability w1ll alsc permit effective trainee
practice during'solo simulator missions.
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£, " Automated Recording of Student Performance. 1In pilot training, as
in other learning situations, it is necessary to determine %rainee progress.
Since the computer, which provides the brains for integrating sll simulator
comporients, uses basic aircraft performance data and computed derivatives to
make the simulator perform, these same data may be output in objective terms
to describe student performance. . Such data on selected parameters can be
made available in real-fime ©to assist the instructor in his complex task and
later as feedback %o the student. These accurste objective records reduce the
instructor’s recording task significantly and thus allow him additional time
to observe student activities,which do not lend themselves to objective re-
cording.

T. - Automated Performasnce Comparison. Pilot performance in several
parameters such as ability to meintain desired altitude, airspeed, heading,
rates of turn, rates of descent,and coordinetion are particularly adaptable
to recording as described in (£). Once these data are provided, it is then
a reletively simple matter to program the computer to compare these data with
predetermined criteria,epd to provide an immediate readout or printout of how
student performance compares with predetermined criteria. Such records ere
extremely valuable in supplementing the instructor’s coverall evaluation.

8. Knowledge of Results. The annals of research literature,in the
field of learning,are filled with studies which indicate that immecdiate feed-
back of information on the guality of trainee performance proves valuable in
accelerating student learning. The capability of recording performance (G)
allows the development of technigques for presenting the student with a com-
parison between his performance and some selected standard. The use of data,
as discussed in (7),provides him with pass-fail éata; however, at the start of
training, it masy prove more .valuable to set the standards at a lower level and
increase these standards with student progression, using these readouts as a
method of 'rewarding' student effort. Such manipulations can be easily exe-
cuted, either manually or auvitomatically, and the data presented in terms of
digital readouts or gome other means of information transmitial.

Q, Adaptive Training. Considerable research has been conducted which
indicates that learning of perceptual motor skills can be accelerated by vary-
ing task difficulty in a controlled, crderly way. This theory suggests that a
motor skills task can be learned more guickly if made easier by some means un-
til the skill is leerwed, and then increasing the difficulty level as per-
Tformance improves until final criterion performance is achieved. One term
for this is adaptive training. The computer capability of current and pro-
jected simulator complexes provides a means of using this fraining techunique.:
However, there are differences of opinion amcng experts as to whether the
changes in difficulty should be based strictly on student performance or
whether 2 stepped increase in difficulty, based on time or trials,should'be
used. - (Where good performsnce is rewarded by increasing the task diffieculty,
this is noi necessarily & reward in the trainee's mind.) In either case, the
simulator computer can provide this capability. o

10, Self Confrontation_(Playback). A final training feature, which is
possible as a result of the computer capabilities discussed earlier, is record-
ing a trainee's performance which cen later be replayed. This feature allows
- the student and instructor to observe and a2nalyze trazinee performnece in a re-
laxed atmosphere wherein the student is not distracted by performence require-
ments. A freeze and slow replay capability, such as currently used in sports
television productions, as well as a fast forward selection mode, is d@lso pro=

vided. This capability should be extremely valuable for increasing the effec-
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tiveness of debriefings. However, the guestion;not yet aunswered,is whether or
not such a feature is as valuable as a@dditional real-time trials; since the
playback, as now conceived, will require simuiator time. Additional resesrch
is needed.

OTHER ADVANCED INSTRUCTION CAPARILITIES

The ten features discussed shove reflect the use of digital computers to
antomate various training systems. There are two other simulator developments
that promise to provide better instruction, and deserve mention. The first is
the use of cathode ray tube {CRT) display systems to present dete to inmstruc-
tors. In recent years, the combination of increased compuber capability and
reduced CRT cosits has led to.the use of CRT displays as instructionsl aids.
Such systems are in use for presenting antomated performance readouts teo
trainees; for presenting instrument readouts, check lists, and repeater visual
displays at instructor stetions; and for providing information to training ob-
servers and maintenence personnel. They have proven extremely versatile and
effective and, since the information displayed may be computer-stored and re-
ealled as needed, they also permit a savings in space that otherwise would be
needed at the instructor’s console. While performance records presented on
CRT's are temporary, permenent records can be made by photography or electro-
static technigues.

CRT's should alsc be extremely useful in presenting animated or filmed
meneuver descriptions. Recent developments suggest that a 3-dimensional
pieture can be presented,which may prove valuable for some epplications,vwhen
displaying maneuver patterns. - -

A second instructional aid associated with computer utilization is the
capability to provide automated audio briefings. With proper software applica-
tion, it is possible to present a standard briefing to all trainees and recall
all or a portion of these briefings for individualized instruction.

The preceding are some of the more significent capsbilities that have
recently become possible, but have not yet been fully exploited.

SPECIFIC APPLICATION

The features discussed include some which have recently come into general
application with advanced simulator complexes, and some whilch are ideas that
are feasible, but need to be validated in a pilot training system. For exam-
ple, iwo years ago Link Division of the Singer Company, and the TransWorld
Airline Training Center completed a Jjoint experimental program for recording
trainee performance. Software was developed for automatically recording =11
significant parameters (and other parameters considered interesting but not
critical to performance) on three of the 12 maneuvers required for upgrading
pilots to & new aircraft. Programmed comparisons and error scoreas were cutb-
put. The results. indicated that such programs were feasible, workable, and
useful.

. In a more recent project,link delivered to the United Stetes Armed
Forces a "Synthetic Flight Training System" (SFIS) for use at the U.S. Army
Aviation School.

The SFTS was designed for the Army's helicopter training program. It is

a flight simulator that is & "generation’ in advance of any current simulator
in use for commercial or military training. Simuletors other than the SFTS
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are basically instructor-controlled devices; i.e., the instructor sets-up the
training problem and the flight envircnment being simulsted and monitors the
trainee,while he practices to develop the required skills.

In the SFTS, the computer rather than instructor can be made responsible
for: : '

1. Selecting the flight problem - what the trainee will do.in a par-
ticular training session,

2. briefing the trainee on the training problem to be executed,
3. demonstrating the ideal performance to the trainee,

4. scoring and evaluating trainee's performance against objective
standards, and,

5. providing feedback to the trainee concerning his performance.

The SFTS incorporates the latest developments in sutomated training
technigues and digital computer technology end performs the sbove listed
functions efficiently and objectively. The automated training features also
make possible adaptive training, whereby task difficuliy is modified by manip-
ulating selected variables, and making incremental additions aﬂd aeletlons of
control inputs,and/or helicopter stability sugmentation.

Like existing simulators, the SFIS also provides high fidelity simula-
tion of motion cues, aural cues, cockpit instrumentation, and cockpit controls
to provide g realistic environment for the training of pilot tasks. When
fully implemented, it is anticipated thai the SFIS will substantially reduce
fiying time in the Army's helicopter training program.

SUMMARY

Modern ground-based flight simulators have evolved,.in part, from rapid
development of increased computer capabilities. These same computer capa-
bilities can, by innovative software development, be used to reduce the work-
load of the simulator instructor. Some of the major ereas in which assis-
tance can be provided are: (1) Repid initialization for specific maneuvers;
(2) automated demonstrations; (3) Preprograming of a sequence of maneuvers;
(4) automated malfunction insertion; (5) automated monitoring of procedural
items; (6) recording of student performance; (7) automated performance com-~
parisons; (8) providing knowledge of results; (9) adaptive training; and (10)
providing a recording and playback cgpability for later study. In addition,
other eguipment cazpabilities have been developed for evaluation as to their
application in & simulztor pileot training complex. These include increased -
use of CRT display systems and automsted briefings.

All of the feaitures discussed are aimed at reducing the load of the in-
structor, thereby allowing him more time to function in the role of a manager
of training and permitting him to concentrate on pgrameters which can only be
handled by subjective evaluation. Suvuch remaining activities are: (l) Diagnosis
of problem areas resulting from a lack of student understanding; (2) identifi-
cation of trends of incorrect performance across.the total traiming spectrum;
(3) identification of judgmental errors; and, (4) development of decision-making
ability.

The combination of all the specisl itraining features,and the increased
capability of the instructor to concentrate on required subjective evaluation
areas, will result in maximizing the training value and efficiency of the simu-
lator complex, thereby insuring & most cost-effective training program.

277





