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Summary

I mid-1984, the First advanced SHORAD
(Short-Range Air Defense} Institutional Trainer
became operational. This trainer ineluded for
the first time, some of the most advanced
concepts ever offered in a training device.
One of these concepts is an instructor expert
system, devised to reduce the instructor's
workload which is normally high in a trainer of
this complexity. The SHORAD Trainer consists of
six twWo-man crew training positions contrelled
from a dual-position instructor station. Target
aireraft are flown against the crews being
trained who are in turn evaluated on their
perforpance. . The targets are realistic; they
take evasive measures based on actlons taken by
the corew being trained such as radar lock-on,
migsile firing, and employment of  various
electronic counter-measures. The iInstructor
expert system automatically controls each
training situation, adapting in real time the
target behavior in response to every student
action at each student station.

This instructor expert system alsc includes
evaluation and automatie remedial training,
accomplished by a real-time evaluation process
that determines when the crew needs help. Help
is provided through voiece synthesized prompts,
textual messages, or through assignment of
remedial training, such as slowing targets down
when tracking accuracy appears to be a2 problem.
411 of these are accomplished autcmatically,
based on the crews' performance, requiring no
instructor activity. Records of all activities
are retained to analyze what tasks were
difficult for a given student as well as what
tasks require additioenal training for all
personnel. Immediate beneflts of this instructor
expert system are a consistently challenging
training program tallored to each student's
achievement, and a comprehensive monitoring of
the overall training program that frees the
instructor for one-on-one contact when a student
needs personalized help.

Status

This device has been operational for over
one year. The students trained have performed
extremely high on all service gualifications and
have consistantly out performed persomnel
trained utilizing other methods.

The utilization of %his instructor expert
system or ultra advanced CAL, has proven to be
extremely effective and has allowed the
instructor staff more time to provide individual
attention to selected students.

Introduction

The SHORAD Institutional Traimer, which is
commonly referred to as a Conduct of Flire
Trainer, became operational in wid-1984. The
design of this trainer included advanced trainer
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_computer

_an  instructor station with
_positions, a

" leader's actions.

features never before combined in a  single
trainer. For this reason, considerable
attention during design and development was
Focused oh the workload of the instructers. This
was accomplished through the use _of an
instructor expert system. The key capabilities
ineluded in the instructor expert system are 1)
] assested simulation of missing crew
member; 2} inkérdetive computer controlled

targets; and 3) instructional record keeping.
With these advanced training capabilities
included, the student-ins¢ructor ratio ea31ly

dropped from 2:1 to 12:1.

The system as delivered is shoun in Figure
1. It is composed of six 2-man crew statioms,

computer image  generation
subsystem, an executive processor, and a power
distributicn subsystem. Each crew station
contains a simulation progessor, a graphics
subsystem, an input/output subsystem, a voice
synthesizer/voice recorder, student key pads for
each crew member, and a communications
subsysten.

Computer Assisted Simulation
of the Missing Student .
The system will train either the gunner or
squad leader independently, or both as a team.
For single~team member training, conventional
design would require someone to take the part of |
the missing crew member for both physical
actions and voice commands. This would nermally
be done by a member of the instructor staff,
thus increasing the instructor workload. It_was
determined that this was not appropriate, and
that the trainer must meet the requirement
without instructor ‘involvement. '

The SHORAD Trainer's "Data Directed Design"
uses mulii-level exercises which make it easy to
simulate the missing crew member's actions.
Figure 2 shows the gunper being trained whnile
the computer takes all of the appropriate squad
The delivered configuration
has a physical separation between the tuwo

operators; therefore, the only indications a
trainee—operator has of his team member's
actions are verbal acknowledgements and the

visual result presented to the crew member being
trained. The multi-level exercise structure is
composed of a master exercise Ffor  sysitem
simulation and a training exercise addition for
specific training functions as shown in Flgure
3. )

The multi-level exercise structure makes it
easy to accommodate exercise changes when the
operation of the tactical equipment changes.
The master exercise  portion of the exercise
contains the system emulation functions, system
reactions, system responses, system sequences,
and all other characteristies which duplicate

dual-instructor. .
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Figure 2. SHORAD Crew Station. The gunner is being trained while the missing squad
leader’s functions are being performed under computer control.

Content of
Master Exercise

¢ Enulation of Prime System

¢ Exact prime system reaction including
timing of all displays and indicators
to all actions

¢ Proper sequence of all events to emulate
proper operation

# Realistic high fidelity Instruectiona
replication of all displays - —

® Proper response to all actions
including accurate timing

Content of
. Training Exercises

Merges with master exercise and
overrides as appropriate

Provides all computer—aided prompts
= Volce
- Textual

Exact symptoms to simulated faults
ineluding all displays, indicators
and responses.

Provide computer assisted simulation
emulating all actions and voice mes—
sages of a missing crew member

Establishes all evaluation moniforing
and grading parameters

Establishes parameter restrictions
for procedural training thru free
play training in defining which
functions are activated.

Figure 3. Exercise 3tructure
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system operations. Therefore, when a system
operation change is reguired, only the master
exercise needs to be changed. This change Is

then in effect when any training exercise is

conducted. The other portion of an exercise

contains the training aspects which are unique

to each exercise. This porticn of the exercise
is defined based on the Instruetional strategy
and training tasks belng &rained. The type of
functions contained in the training portion of

an exercise are exercise or task specific

such as CAI prompts, simulation of missing crew
members, volice commands, remedial training
grading, equipment faults and training
sequences. The training portion of an exercise

is small and changes cau be wmade easily.

Blending the master exercise with the training

exercise results in a training program that is

Flexible £o change and controls all emulation
and training aspects. Changes to both portions

of an exerclse can be made utilizing the user
friendly English oriented authoring language
provided.

When the crew member being trained takes an
action, the normal response for that action is
taken by the computer, ensuring the stimuli
presented to the student crew member is
appropriate. Time delays amd simulated operator
errors can 4dlsce be placed in the training
exercise to provide appropriate realism. In
addition, volce commands are often reguired to
direct a crew member to take an action. Adding
voice commands te the exercise via voice
synthesizer, gives the student appropriate
verbal stimuli based on the actions taken by aim
as well as those simulated by the computer for
the missing crew member. This technique makes it

possible to train single crew members or crews
using  lock-step instruction, free play
instruetion, or amy combination of conditions.
This method of direeting the computer to respond
as if the instructor had been taking “a11_ the
correct actions and providing the verhal
commands is fully under exercise control and
does not require software modifications when
system operational changes oceur. The
instructional prompts are all based on the
student's actions, or the lack of agtions, and
gan be either general or specific in nature.
Instructional CAI prompés (either verbal or
textual) ecan be provided to include complete
step-by-step actions ineluding a detailed
explanation of why the aetion is to be taken.

_Interactive Computer Controlled Targets

Training devices requiring moving targets
have traditionally been designed using either
Fixed Flight Paths or Pilot Controlled Flight
Paths as . shown in Figure 4. The first type,
Fixed Flight Paths or raid tapes are shown in
the upper portion of the figure.  These targets
are not interactive to the students actions.
The figure shows a target entering from the
upper tright and exiting the lower left. The
flight path including all maneuvers is fixed and
will mnot vary. Under these conditions, the
student observes the target and take the
apprepriate action, however, the target is not
realistic in that evasive actions will not be
taken a3 would be the real 1life situation.
Although this is unrealistic, it is a method of
providing targets under a controlled scenaric at
a relatively low cost. The lower portion of

OBSERVATION
OF FLIGHT PATH | sTUDENT
STATION
FIXED FLIGHT PATH
NO INTERACTION
INSTRUCTOR
CONTINUATION OF
ALL FLIGHT MANEUVERS PlLOs'l:rg_ﬁg;RDL
CONTROLLED BY CONTROL OF
INSTRUCTOR/PILOT FLIGHT PATH y
STUDENT
ACTION AS
A RESULT OF
FLIGHT MANEUVERS

INSTRUCTOR/PILOT

CONTROLLED FLIGHT PATH

OBSERVATION
OF FLIGHT PATH

STUDENT
STATION

Figure 4. Comparison of Fixed Flight Paths Versus Instructor Controlled Flight Paths



figure 4 depicts a closed loop process ugilizing
instructor staff members or pilots flying
simulated targets. In this example, the target
enters the target area from any Jlocation, the
student observes the target and takes an_action.
If this action would result in a live aireraft
taking an evasive action, the instructor pilot
will take ¢this action and the result will be
presented %o the student. The student would
continue f£o take the necessary action and the
loop would continue.
target realism in that the aireraft maneuvers
are based on the student's actions. This is an
important requirement in some situations - for
example, when a student operating a tracking
radar locks onto a target, it is reasonable to
expect that the farget will take an evasive
action in anticipation of being fired upon.
Using human controlled target simulation
provides several advantages; however, 1t
requires a large instructor staff, thus a higher
operational cost. Moreover, the exercise's
difficulty and consistency are dependent on the
pilot/instructor providing the same flight

BRANCH 2

PRIMARY FLIGHT
PATH

BRANCH 1

ALTITUDE — 50 METERS
SPEED — 200 KNOTS

This method  provides _

SELECTION OF FLIGHT PROFILE
BRANCH 1, 2 OR 3 DEPENDENT

profile and evasive actions for each student.

The features from each method were combined
on this SHORAD Trainer. In this improved
method, fixed f£light paths were developed
consistent with the tasks being trained. Then
branch polints were established where alternate
flight paths could be taken, depending on the
actions taken by the student. These branch
points included evasive actions, changes in

_ _primary mission to attack a secondary asset, or

to retreat. Each £light profile was designed
with the following in mind: tactical mission,
the logieal points where branching weould occur,
and %he tactically correct branching to support
the training tasks. _With this method, all of
the normal branching provided by an
instructor in flying against a student operator
is achieved without the instructor, while
ensuring that the exercises are consistent for
all students. This provides uniformity iIn
instructional content and evaluation for all
students. _ An example of a typical flight path
with three branch points is shown in Figure 5.

SECONDARY
TARGET

BRANCH 3
PRIMARY
() $  FLIGHT
ot PATH
PRIMARY
TARGET

ON STUDENT ACTIONS
PRIOR TO TARGET
REACHING BRANCH POINT

Figure 5. Interactive Computer Controlled Flight Paths

Flight paths vary depending on actions taken by the student

of the exercise.

and the objective



Automatic Evaluation and
Asgignment of Remedial Training

Devices wused for training purposes almost
always provide some method of exercise
evaluation. When this is done on an action-by-
action basis, 1nstructional decisions can be
made on what exercise the student should perform
next. This action-by-action evaluation can he
automatically grouped inte categories such as
sub-tasks, tasks, misslon success or exercise
completion. By utilizing tasks and sub-tasks as
appropriate categories and keeping records of
the student progress for each task and subtask,
the computer can automatically determine which
exercise should be assigned next, as shown in
Figure 6. This could be an advance exercise or
an earlier exercise on which the student needs
refresher training. The oprogression of each
student is established based on the performance
level of each student on a given task, and sub-
task. In addition, remedial training may be
required for a portion (or all) of any exercise.
If during the evaluastion process, it is
determined that a studeant is having difficulty
with a glven sub-task (falls below an
established threshold) the exereise will branch
to remedial training for that sub-task without
instructer intervention. The exaet remedial
training 1is determined by which sub-task was
failed.

In the example, a student failing Sub-task
1.3 would autcmatically be assigned remedial
training for Sub-task 1.3. The student would
remain iIn remedial training on this sub-task a
length of time based on his progress and the

training strategy before an instructor is
notified that this student needs additional
help. Remedial ¢ralning could be totally

tutorial by moving into a lock-step training
process wWith voice prompés wvia the voice
synthesizer. In this wmanner, the voice prompts
which are part of the computer aided
instruction portien of an exercise could _be
either activated immediately and progress as the
student proceeds through the remedial exercise,
or they could be time delayed giving the student
a few seconds to take an action before the voice
prompt helps him. The voice prompt can be

repeated If the student does not take  the

specified action in the time allocated.
Sometimes, 1i% is also appropriate to give

prompts in text form. This is provided via a

readout device. Both volice prompts and the
readout messages can be given to the student
crew member independently or together as a team.

& second type of automatie remedial training
oceurs when a student is having trouble tracking
targets. In this method, a variety of automatic
exercise actions can take place. For example,
the targets can be slowed down so they will be
easler to track. If this is not appropriate,
then the tracking accuracy window can be relaxed
to allow the student to gain confidence and
experience. In all cases, oneeé the student is
able to pass the remedial exercise, the exercise
is gradually advanced until the student reaches
the criteria level required for the task or
sub~task.
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Once the student fails a sub=task and is
placed in remedial training, he is automatically
prevented fram jumping out of that task and must
complete all sub-fasks before progressing to the
next task.

In the example, if the student completes
Sub-task 1.3 and his performance is average, in
the expected range, he would progress to Sub-
task 1.4, The student who performed
exceptionally high on Sub-task 1.3, knows how to

. perform not only this task but also Sub-task 1.4
because of the way the exercise was structured;
he is automatically advanced to Task 2.0. At the
completion of Sub-task 2.2, the student with
either high or average performance level, would
automatically be advanced to the next exercise.

In the example, a student who completes Task
2.0 at the high level would be advanced to the
next exercise based on instructional strategy,
the content of +the exercise, and evaluation
parameters. In this example,
structured to contain key parameters that would
verify the student could adequately perform both

Tasks 4 and S without more detailed instruction

eontained in the aub-tasks.

During a review exercise which is normally a
free play exercise, the student iz also
evaluated on a task level., MNormally, at the end
of the review exercise, any student failing a
task, would be returned to the appropriate
exercise 1o receive refresher training oan the
task failed. After completing this refresher
task, he would be returned to the review
exercise and agaln evaluated. Because the
exercise is a free play exercise, variables are
automatically changed so he cannot memorize the
review exercise,

There are times when it is best to stop the
exercise because of a critieal error or
persistent problem, and require the instructor
to deal with the student personally. Through

.eXereise controlled freezes, <training will be
halted automatically. The instructor will be
notified so he can provide the assistance
required when it is convenient. Through this
use of computer aided instruction, the

instruetion will stop at seleeted key polints
without requiring the Lnstructor to continually
monitor the detialed progress of all students.

Instruetional Record Keeping

One tedious time-consuming task for any
instructor is checking his records and assigning
Jexercises to each student. _ Need for this has
all been eliminated by allowing each student to
sigh on at any station. The computer checks his
records, and assigns the appropriate exercise.
The exercise assigned could be a remedial

exercise, a previous exercise for refresher
_training, the next scheduled exercise, or an
advanced one depending on the particular

student's previcus progress. -

Task 4.0 would he
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Conelusicns

By incorpeorating these features, the
computer will perform the actions normally taken
with the same thought and logic that an expert
instructor would use while at the szame time
reducing the workload normally encountered. It
is  eritical, however, that the deecision
algorithms, logical branch points, remediation
content, and iInstruecticnal strategies be
developed by persconnel whe fully understand
instructional theories and who are knowledgeable
of the background, experience, and knowledge of
the students being trained.

Training devices offering these beneficial
features are possible only when extensive and
detailed exercise evaluation processes are
employed as part of the basic system design. As
these systems become more common, the role of
the iInstruector will shift from one of being
overloaded with routine tasks to one of
developing instructional strategy and of
assisting students on the meore complex,
difficult-to-assimilate tasks.
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