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COMPUTER AIDED SYSTEM FOR THE DEVELOPMENT OF AIRCREW TRAINING (CASDAT)
A GENERIC APPROACH TO COST-EFFECTIVE ISD
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INTRODUCTION

The effectiveness of current
instructional development systems in the
military cannot be argued. Unfortunately,
neither can the great cost of the formal
procedures used to design such systems.
Instructional systems development (ISD) has
expanded in scope during the past few years
as ever-new applications are found for this
approach to training design. More recent,
however, are cost-reduction efforts in the
form of automated ajds to the ISD process.
These aids include computerized systems for
developing task lists, for writing behav-
ioral objectives, for structuring syllabi,
etc., and they vary in terms of their com-
plexity, cost, and the extent to which they
assist the ISD developer to create and then
manage his instructional program.

Veda Incorporated is presently under
contract to the Naval Training Equipment
Center {NTEC) to design and implement one
such automated aid for the development of
aircrew training. This system, Computer
Aided System for the Development of Aircrew
Trafning (CASDAT) will be described in this
paper, with an emphasis on the unigue, gen-
eric feature of the underlying task model.
This generic structure applies across all
types of aircraft, missions, and flight crew
positions, and possesses several important
advantages for instructional development,
management, and research. Having taken the
step to automate the methods of ISD, it
appears to be time for examining these
methods to establish just what it is we wish
to automate.

BACKGROUND

The CASDAT system began as an effort to
assess the feasibility of automating steps of
the ISD process with the use of data bases,
taking advantage of existing aircrew train-
ing programs to provide inputs into new pro-
grams. Present ISD methods for the mititary
are prescribed by instructional documents
specific te each service; MIL-T-29053 stands
as the Navy guide, although procedures are
parallel for all ISD efforts. Each develop-
ment project begins with a task analysis, or
description of activities for the job being
trained. This resulting task 1isting is then
converted into statements which can be used
to establish instruction, called behavioral
objectives. These objectives are then

clustered systematically into instructional
units which are then arranged into a syllabus,
and appropriate media are selected to form
the training materials of each lesson. Fin-
ally, each lesson s arranged into a logical
flow of events by writing a lesson specifi-
cation, leaving actual creation of instruc-
tional materials and Tesson authoring as the
final phase of the development effort.

How could data bases help to abbreviate
the time and resources needed for these steps?
The Veda project began with a comparison of
existing programs, step by step, starting
with task listing documents. One observa-
tion was immediately clear: although every
ISD program had ostensibly referred to the
same MIL-T specification, none of the result-
ing 1ists looked similar, even for closely
related aircrafi (e.g., F-4 and F-14). The
original intention had been to identify simi-
larities--or "links“--between parts of exist-
ing ISD programs and to use them as organiza-
tional rules in a data-based system. Ob-
vipusly, these documents had to be made
comparable if any such 1inks were to be found.
For this reason, the VYeda project staff
proceeded to force comparability by an ana-
lysis of underlying structures in the task
Tistings.

The first point of correspondence be-
tween ISD documents was found by conducting
a "syntactic analysis" of individual task
statements. Basically, this involved a
reduction of each statement to its fundamen-
tal parts, without consideration for diff-
erences in sentence style or needless speci-
ficity; a task such as "preflight engines".
has a precise meaning to a helicopter, prop,
or jet pilot, although there is nothing in
the statement itself which is so specific
that it cannot be used in all three task
Tists. A great many tasks were thus found to
be quite common across all types of aircraft.

Once the task statements were converted
in this way, & common task structure was
simple to establish. This was, really, an
averaging operation, picking and choosing
the best or most common task arrangement
rules from the available documents. Again,
a structure was fashioned in this way which
could accommodate all types of aircraft--a
"generic" task Tisting. A sample of this
Tisting is displayed in Figure 1.
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It was apparent that additional work
would be necessary to expand this generic
1isting, but a tool was available, even at
this stage of the project, which could be
used to compare training programs across the
aviation community, a conceptual "axis"
for aircrew ISD.

FINISHING THE TASK MODEL

Now, the task listing was not much use
in its original form for any particular air-
craft, but aircraft could not be compared
productively. Could Tinks, or task families,
be determined from further analysis of ISD
documents which had been converted to this
common structure? This was, in fact, the
case. Tasks were found which fell into
groups, depending an what dimension was being
examined. Task listings, for sxample, of
aircraft which carry ordnance were found to
contain specific steps regarding the mission

ianning for that ordnance, the preflight for
the ordnance, the arming and use, and proce-
dures for recovery on land or ship with hung/
unexpended ordrance. If any ordnance at all
were carried by a particular aircraft, then
certain tasks must follow. Furthermove, if
the specific type of ordnance were known,
additional tasks could be identified which
were part of this "family" (e.g., some
missiles can only be used in an air-to-air
role, while others can alsc be employed
against surface targets; thus, a missile in
the latter category would bring additional
mission tasks into the family). A set of
sixteen such dimensions was found to be the
most productive for defining task families.
This set was later refined to eleven, with
further modifications paossible. The strategy
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which resulted from this approach was one of
selecting relevant dimensions from the set,

“based on known aircraft characteristics, and

appending the associated task families to
the original generic 17sting. When this ap-
proach was exercised for several existing
aircraft, it was found capable of generating
approximately 75% of the “tasks found in the
I1SD task Tisting--generated by traditional
methods-~for each. This validation of our
method was applied to all types of aircraft
(jet, prop, helicopter), most major tactical
missions (e.g., fighter, attack, anti-sub-
marine warfare, search and rescue, etc.} for
all branches of the miltitary services. .
Although this 75% figure is vrough, due to the
analysis time available for data collection

in this phase, the result is very encouraging.

By way of 11lustration, Figure 2 shows a
sample of the task Tisting which was generat-

~ed for the F-18, using this method. The )
tasks are not fdentical to the original docu- .

ment {using traditional ISD procedures), but
are at least their equivalent. '

COMPLETING THE CASDAT SYSTEM

An initial formulation of a task Tisting

data base has been described, using a generic

task Tisting structure and data organization
rules which correspond to aircraft character-
istics (i.e., the dimensions discussed in the
previous section}.
which represents only three-quarters of the
activities which really occur is. mot a satis-
factory tool for developing a complete in-
structional program, so a tutorial device was
included to guide the instructional designer
through the process of finishing the task
Tist. The CASDAT system currehtly contains

Obviously, a task 1isting”
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a preliminary plan for an interactive computer
program which assists the user in authoring
those additional tasks which are too aircraft
-specific to be generated in any other way.
Exact features of this program are not defined
at this time, but the tutorial package is in-
tended to control: 1} the standardization of
the remaining tasks, in that they must be
compatible with the pre-existing list struc-
ture created by CASDAT, 2) the accuracy of the
remaining tasks, because they should conform
to the guiding ISD principles of the particu-
lar branch of service, and 3) the thorgughness
of the tasks, to insure that all activities
performed by the flight crew are reflected
explicitly in the final task Tisting. A171 of
these factors can be placed into computer for-
mats, and current efforts are being directed
at establishing the minimal amounts of infor-
mation, which must be provided to the ISD de-
signer at critical decision points, to build
the Teast expensive tutorial program capable
of achieving high-quality results.

CASDAT APPLICATIONS FOR OTHER ISD STEPS

Five primary steps for instructional
development were mentioned previously. Auto-
mated aids for each one are presently being
designed by the Veda staff, for implementation
with the generic task model, and will be
summarized here. It is important to note
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that several private companies and some gov-
ernmental agencies are also involved in the
creation of automated aids to ISD. The found-
ing concept of the CASDAT system, however, is
the generic treatment of the job category for
which instruction is being developed. The ad-
vantages of this approach for training design,
management, and research wiill be discussed

at Tength in subsequent sections of this -
paper.

Once the task analysis is complete, be-
havioral objectives must be fashioned as the
"raw material" for lesson development. Be-
cause the CASDAT system employs a generic
task model, together with prestored families
of tasks, creation of an objectives hierarchy
is a simple process and takes place simul-
taneously with the establishment of the task
Tist. An objectives data base is proposed
with this system, which maps each element in
the task 1isting base to a group of behavior-
al objectives. Thus, when appropriate tasks
are assembled and organized during the first
step of the ISD process, relevant objectives
are 21so 1paded and organized for the second
step. A special-purpose tutorial program
would need to be included for this phase of
development, as well, in order to insure that
all required objectives were included for the
selected tasks, and that appropriate objec-
tives could be authored for tasks which were



added manually, during the final states of
task 1ist development. In a similar fashion
to the task list tutorial, the objectives
program would guide the user through a stan-
dardized series of actions and decisions,
resulting in an objectives set which was com-
plete, accurate, and standardized. Because
the Tabor regquired to manipulate the task
Tisting data base is effectively used twice
(to assemble tasks and to pre-load the
associated objectives), the time and resource
savings of this method would be considerable.
Furthermore, the generic structure of the
task Tisting, used to compare the activities
of different aircraft types and missions,
would be reflected in the objectives hier-
archy, thus permitting similar kinds of
analyses.

Syllabus structuring is also included in
the CASDAT automated design. Several sophis-
ticated algorithms for determining syllabus
sequencing are available from both private
and government agencies, however, the data
processing demands of most such schemes are
quire extensive; this is a disadvantage in
terms of cost and the expertise requirements
of those who will use the system. CASDAT
employs another "generic" structure to pro-
vide a context into which instructional umits
will be fitted, consisting of those attributes
that are common to all training programs.
Basic aircraft systems instruction, for ex-
ample, always precedes weapon system instruc-
tion; basic flight operations precede tacti-
cal flight operations; flight simulation
events precede applicable flight events and,
in turn, both are preceded hy academic in-
struction.

CASDAT is being designed to stratify
the results of the objectives-formulation
step, ordering these ohjectives in terms of
the complexity of intellectual skills under-
lying each. This sequencing of objectives
forms the initial output of the syllabus
operation; before the objectives can be par-
titioned into lessons and incorporated into
the syllabus structure, the data is subjected
to a media selection algorithm, which deter-
mines a subset of available media which could
be used to effectively instruct the particu-
lar objective.

The CASDAT algorithm is, again, more
simple and straightforward than some other
selection schemes available. The special
demands and constraints of each instructional
design program are considered sufficiently
unique to make the use of a more sophisticated
algorithm unattractive as an automated aid to
ISD. The products of such algorithms are,
furthermore, usually quite vague, the result
of a weeding-out procedure which yields a
group of media candidates and not just one or
two choices. Thus, the CASDAT output compares
favorably with more complex methods of
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selection, and proceeds in the following
manner: 1) the system scans a media code
group associated with each objective. This
code is prestored with the objectives in that
data base; 2} these codes, consisting of
TittTe more than an academic-trainer-flight
partition, are then grouped according to the
objectives stratification, described earlier,
and presented to the ISD developer for incor-
poration into a preliminary syllabus, under
computer tutorial guidance (see Figure 3).
This “first-fit" is necessary because the
simulator and flight events usually drive
the other (academic) events in an aircrew
training program; 3) the academic events,
which now are made up of objectives groups,
are subjected to another algorithm which
narrows the set of usable academic media for
each; 4) the final syllabus is established,
or fine-tuned, by the ISD developer.

Media and sylTabus development interact
heavily in the CASDAT scheme, but the initial

. attractive features of standardization (with

a generic sylTabus model and media codes for
objectives) and accuracy (with tutorial guid-
ance) are still retained. Problems remain
concerning the syllabus arrangement of those
objectives which were generated manually
during the previous step; media and skills
codes will have to be determined, in some
fashion, for each. Expansion of the tutorial
programs is currently viewed as the best sol-
ution to these problems.

Little is currently envisioned for auto-
mated aids for lesson specification develop-
ment under the CASDAT scheme. Unless costly
computer systems are employed--a major pitfall
of any automated aid design, which is intended
to reduce the costs of current ISD methods—-
the benefits of CASDAT fall into the area of
providing the instructional designer with a
convenient presentation of information in
order to facilitate his manual authoring ef-
forts. Thus, an objectives 1ist could be
offered for the lesson under development, to-
gether with appropriate page headings and
other "secretarial" services. A Finishing
program is an additional possibility, offer-
ing the developer a set of reminders to check
the format and comprehensiveness of his work.
The design of this portion of CASDAT is still
in an early stage.

AUTOMATION BENEFITS OF CASDAT

The motivation for designing automated
aids to ISD is primarily one of cost. Current
manual methods are very time-consuming and
require personnel trained in ISD principles.
These methods are, furthermore, redundant:
similar work is done whenever a new program
is initiated and ISD products {e.g., objec- -
tives)} must be used repeatedly within a prn-
gram, creating a tracking or "bookkeeping”
problem due to volume. Automated aids,
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Figure 3, Media and Syllabus Operations

including CASDAT, contribute greatiy to cost
reduction by: 1) accessing, organizing, and
displaying required information quickly.
Automated aids can manipulate large amounts
of data rapidly and accurately, while keep-
ing track of the progress of those manipula-
tions; 2) contributing to the decision-making
process with automated development strategies.
By taking over some of the technical planning
duties, automated systems can be designed for
use by relatively untrained personnel; 3}
making available the products of previous,
relevant training programs. By making use of
what has already been done (and stored in a
data base), the ISD process is abbreviated

to those steps which are unique to the
current project.

GENERIC BENEFITS OF CASDAT

So far, the CASDAT system shares the
advantages of other automated ISD aids or
designs. An important difference, however,
is that the CASDAT scheme is founded on gen-
eric models of both the job to be trained
and (to a lesser extent) the syllabus used to
train it.

A generic task structure for a job or
ctass of jobs reduces the data handling re-
quirements for an automated system; large
groups of tasks, including the basic generic
model itself, are accessed in an all-or-ngne
fashion. This reduces the demands on the ISD
developer considerably by presenting him with
the major part of his task listing immediate-
1y and providing him with a context in which
to it remaining, specific tasks under tutor-
ial guidance. The system is, 1Tkewise, not
required to handle the construction of each
individual task, but only those which are
needed to complete the last portion of the
Tist, thus reducing the minimum cost of opro-
cessing software.

A generic task or syllabus model main-
tains the quality standards of the final
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products by insuring that certain ISD princi-
ples are observed. 1In this case, decisions
regarding the task hierarchy, task statement
format, numbering or coding systems, and syl-
Tabus development strategies are implicit in
the mode]l and not subject to the diverse in-
terpretations of ISD designers. The result is
a consistent product, in keeping with the pol-
icies of instructions such as MIL-T-29053. By
reducing the need to make key ISD decisions,
these generic models confine the design effort
to those aircraft-specific areas which can be
best handled by subject matter experts; in
mast cases, such personnel {e.g., flight in-
structors in training squadrons) are less ex-
pensive resources to employ in a design effort,

It was mentioned earlier that the gener-
ic aircrew model forms an "axis" around which
different flight jobs can be compared. This
is because the tasks invoived in the tisting
proceed from those which are common to all
aircraft, through those which are defined by

-discrete dimensions of equipment or mission,

to those which are unique to a particular air-
craft. What this means is that many of the
differences between training programs--based

an their respective task listings--are unnec-
essary, that training need only differ where

a definable dimension separates task families
between aircraft. The cost savings from this
point of view of training could be quite sig-
nificant. Aviation communities which share a
tactical mission could benefit from a single,
thorough study of the instruction regquired for
that mission; an avionics system could be
taught from a single program, disseminated to
all communities which used that system; the
general strategies for hovering flight could be
used by all helicopter training squadrons,

with specific modifications as necessary for
the model of aircraft used. The military ser-
vice would benefit from the cost savings of _ |
having done the instructional design only once.
It is understood that there exists an inter-
action between a specific aircraft, a common
mission or system, and the instructional



methods used to teach them; the generic ap-
proach described above is, indeed, idealistic.
The orientation toward training development,
however, is quite practical and it seems
quite reasonable to advocate a process which
begins from a generic standpoint, and justi-
fies each step toward more specific training
methods.

The comparability of task structures
and syllabi between aircraft communities has
an advantage for training management, as well.
If, through training or combat performance
measurement, it is Ffound that a particular
program of instruction is especially effec-
tive, then the cohcepts behind this program
could be rapidly incorporated into any other
training program which shared the relevant
characteristics of the job under examination.
Even if such a program existed presently, the
analysis and instructional design changes
necessary to impiement the superior program
into other communities would involve prohibi-
tive costs. If the change were, in fact, in-
corporated for other aircraft, the differences
in task models would prevent an accurate
assessment of the reasons for its success or
failure; the tracking tools would not be
available, as they would be if both communi-

ties were working from a comwmon task structure.

CONCLUSTONS

The implementation of automated aids for
ISD have been discussed in terms of a current
system design c¢alled CASDAT. Like all at-
tempts to automate parts of the instructional
development process, CASDAT is capable of
reducing the cost and time involved in devel-
oping training resources.

_ Unlike some other apprpaches, CASDAT
rests on a generic concept of aircrew task
performance, which holds significant poten-

tial for improving the quality of training

development, increasing the efficiency of
training management, and augmenting the re-
search and develapment capabilities of in-
structional analysts.

The example used for the system discus-
sion was aircrew training. Significant new
territory for generic task modelling lies,
however, in the areas of maintenance training,
technical training, and military "prepara-
tary" programs (e.g., basic aviation, elec-
tronics, reading skills, etc.).
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