THE DEVELOPMENT OF THE EMBEDDED TRAINING DECISION-AIDING
AND RECOMMENDATION TOOL (ET DART)

ABSTRACT

The development of embedded training (ET) guidelines by the Army Research Institute (Witmer and Kner, 1991a,
1991b) has afforded miltary planners a systematic method for making critical training decisions related o
embedded training systems and other training affematives. Recent work at NTSC and STRICOM has attempted to
expand the use of the guidelines by providing an automated version of the algorithms used in the model. The
current study reviews and incorporates those efforts while continuing to expand the capability of an automated
version of the guidelines in the areas of:

user interface;

rmaking the terminology generic to all services (where necessary);
user help and instruction;

decision documentation; and

decision-aiding for fraining media cost analysis.

This paper describes the current and future development of a tool (the ET DART) that will fully support decision-
making processes related to embedded training.
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INTRODUCTION

Embedded training (ET) research and development has
been an importart focus of military training for much of
the decade of the 80's and into the present. The essen-
tials of defining and implementing ET have been present-
ed in publications such as the Ammy Research Instiiute’s
10 volume series on Implementing Embedded Training
(e.g., Finley et al., Strasel et al. 1988), as well as other
work {e.g., Hoskin et al.,, 1989). Most recently, Witmer
and Knerr (1991a) have produced a set of guidelines for
making decisions about ET eatly in the weapon system
acquisition process, unlike much of the previous work that
tended to focus on the definition of specific ET character-
istics and capabiliies. What makes the decision guide-
lines produced by Witmer and Knetr so valuable is that
they allow training planners, analysts and developers the
opportunity to design-in ET from the earliest stages of
system development.

These ET guidelines provide a set of questions that are
associaled with policy requirements as well as more
fraditional ET considerations, such as cost (see Witmer
and Knerr, 1991b for a full description of the guidelines
and their development). By separating the guideline
questions info phases that are refated fo acquisition

milestones, the authors have created a set of procedures

that can provide an fterative description of the ET require-
ment for any given weapon system in the current or
future Army inventory . With each successive phase or
milestone, the additional information provides clarification
and additional detail to this description.

The ET dedision guidefines are a paper-based set of

procedures that require the user to manually track the
results (i.e., the recommended media, the ET atema-
tives, and any suggestions regarding fraining system
requirements). Although the guidelines are not difficult

“to use as configured, there are additional capabilities that

could be added that would expand the efficiency and
usefuiness of the process, such as sorting and summary

‘routines for reporting. In addition, the process could be

made much more efficient through automation. Figure
1 shows a sample decisicn flow from the ET guidelines.
it is apparent from the examination of the guideline
procedures that they lend themselves easily to automa-
tion.

BACKGROUND

Atthe Naval Training Systems Center (NTSC), Chatham
(1992) developed an automated version of the guide-
lines as pari of an overall multimedia production related
to the topic of ET. Using a Windows-based software
program called Toolbook, she created a prototype of a
program that covered such topics as "Guidance” (con-
taining reference documents), "Actual Systerms” (Wsing
ET systems), "Research Topics", and "Considerations”
(issues to consider when planning for ET); the "Media
Selection” topic contained the autormated. guidelines.
This program offered a Windows interface that allowed
users to browse through the information altematives
before beginning the media selection process. .The
media selection itself was the direct incorporation of the
Witmer and Knerr guidelines that are found in the
orginal documentation. However, the program con-
tained no capability for creating reports on the recom-

mendations and results of the guided decision process.” -
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This was due to the nature of the program being primarily
a demonstration of the kKinds of PC applications that
could be developed on this and other topics of interest to
NTSC personnel.

Work at STRICOM was undertaken by Copeland (1992),
and involved the assignment of the guideline decision
nies to a forward chaining expert system shell called
CLIPS {C Language Integrated Production Systern). An
expert system developed using CLIPS consists of three
components: a fact list, a knowledge base, and an
inference engine. An individua! fact from the ET guide-
lines fact list might consist of the decision tree node
name, verbiage in the node (ie., a question), type of
node, and pointers to the next node (i.e., yes or no path).
An individual fact contains all the specifics regarding each
node. The STRICOM effort was developed with this in
mind so that nodes could be easily added, changed, or
deleted without changing the executable CLIPS code.
The knowledge base consists of the rules required to
execute the ET decision guidelines. A typical knowledge
base rule would be the decision node rule which contains
the specific executable CLIPS code called when execut-
ing a binary (yes/no) decision node. The inference
engine is contained in the CLIPS shell and it controls the
overall execution and forward chaining reasoning (see
Figure 2). For a more detailed explanation of CLIPS,
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refer to Giamatano & Riley (1989).

The first step of the STRICOM effort consisted of a logic-
only knowledge base, which contained basic decision
tree logic and very primitive inputfoutput, but which
lacked any decision documentation. Also included in
this step was the fact list, limited to the facts contained
in Phase | of the ET guidelines. The second step of the
STRICOM effort consisted of all decision tree logic, a
textual input/output capability, and a decision documen-
tation capability. Additionally, all facts associated with
Phases | through IV of the ET guidelines were included
in the fact list. This second step was completed by three
U.S. Military Academy cadets during a summer intem-
ship at STRICOM.

CLiPS SHEL
Figure 2: STRICOM program for automated ET
guidelines. —

The value of the STRICOM effort as an initial step
toward automating the guidelines was twofold. First, it
demonstrated the usefulness of grouping the fact list
(nodes, node names, pointers) into one group, thereby
allowing changes 1o be made without the necessity of
changing the code. Second, it provided an area for
documenting each decision or answer 1o the questions
contained in the ET guideline documentation. These
two features were perceived by the Lockheed devel-
opers 1o be valuable enough o be replicated in the new
program that would be created.

The automation of the guidelines has been addressed
by the two programs described above. However, the
constraints on the resources available to both develop-
ers made the scope of the programs’ effectiveness



somewhat limited. Creating the decision rues is the most
straightforward aspect of ET guideline development;
beyond that, however, are the issues of how best to
creaie a program that provides more extensive assis-
tance to training system planners. The Embedded
Training Decision Aiding and Recommendation Tool (ET
DART) is an attempt to do just that.

ET DART DEVELOPMENT

The ET DART was the first automated tool selected for
development as part of the Lockheed Aeronautical
Systermns Co. (LASC) Independent Research and Devel-
opment (IRAD) program entitled "Total Training Systems
Infegration” (TTSI). The intent of the TTSI is to identify
which automated tools are needed to make the training
development process more efficient, and which tools
coniribute to making the training system more effective.
The current and future needs for training systems will be
addressed by the development of additional tools and
programs that will: 1) aid in the development and evalua-
tion of training programs, and 2} provide expertise and
support to fraining developers in making decisions that
affect the training development process. Since the
majority of the logic and underlying principles of the ET
guidelines had already been developad by Witmer and
Kner, the remaining work was to focus on what addition-
al capabilities, if any, should be developed as the guide-
lines were being automated. Figure 3 shows the design
elements for the ET DART that were identified eaty in
the planning stages of the program. The inputs for the
program are identified in the exisling ET guideline
documentation, so the ramainder of the design elements
were the processes that the program would employ and
the products users could get as a result. The ET DART
development process was divided into three phases,
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Figure 3: ET DART design elements.
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which roughly corresponded to what we considered to
be the most likely groups of work that could be accom-
plished during the year, given any additional work that
had o be performed concurrently.

Phase | of the ET DART Qe\)elopmerit process is
intended to cover the development and incorporation of:

the ET decision rules,

a graphics user interface,

a context-sensitive help function,
a means for listing and saving user rationales for
each decision made, and

a Training Altematives Summary Database, in

which the recommendations made throughouteach

phase and block of the decision process are sum-
marized for review.

Phase Il of the program will focus on the development
and incarporation of:

on-line documentation access,

scenarios for saving data and reporis,

decision rules for selecting media based on costs,
and

a process for making the final decision or selection
of the type of ET system or training device to be
developed. :

The last period of development, Phase I, will focus on
the development and refinement of:

= help information for users that includes both content
© assistance (how to use the guidelines) and program
assistance (how to use the software), ie, an
electronic performance support system (EPSS)

Inclusion of Previous Work .
At the beginning of Phase |, the programs by Chatham
(1992) and Copeland (1992) were reviewed o deter-
mine what portions, if any, should be included in the ET
DART. It was apparent from these reviews thaf each
version had attributes that should be included in the ET
DART, by either direct inclusion of the code or by use of
the general principles. The decision conceming the
development software to be used (see below), however,
dictated that the best features of each predecessor
version of the autornated ET guidelines be included only
in principle. The features to be included were the
graphic user interface (GUI) from the Chatham
program and the decision documentation from the
Copeland progratm.



The decision to incorporate these two features was very
easy to make. The benefits of a GUI as the means by
which users interact with the system are overwhelmingly
obvious: the graphic interface provides color, form and an
organizational structure that helps users leam about and
use the system. In the era of Windows and graphics-
intensive programs, these features are the standard
means of providing the user interfface. The decision
documentation feature was a "smart” addition 1o the
program from an administrative and management
viewpoint, because it allowed users to provide justification
for each decision. This feature allows reviewers of the
process an insight into why the decision was made. By
making the completion of the documentation for each
answer optional, however, we can allow users 1o easily
by-pass the documentation process if desired.

Terminology

As we reviewed the Witmer and Knerr guidelines, we
noted that despite the overall applicability of the guide-
lines to other DoD settings, there were still "Army-isms™:
terns that were specific to the U.S. Ammy, such as
"soldier”, or references to the Ammy's maintenance
practices. There were two ways of dealing with the
changes o the terminclogy: first, we could make the
terminology genetic across the spectrum of DoD users,
or second, we could change the terminology to suit the
specific characteristics of each service, and have the
service and its associated tenminclogy selectable from the
beginning of the program. The decision was made o
make the terminclogy generic in order to avoid the
complexity that was expected fo occur by creating
specific terminology {and possible additional guideline
questions) for each service.

Weapon System and Service Documentation

The inputs to the ET guidelines consist primarily of
weapaon system docurneniation and policy and docttine
information that govems the specific service user, such
as the Ammy. The ET DART developrment staff believed
that efficiency could be increased if this information could
be made available on-ine fo users. Users could then
look up specific weapon system or poficy information in
order to make or support a decision. Afthough this

capability is possible using programs in a DOS environ- -

ment, Windows not only allows this feature, but is actually
built around it. This Windows capability for allowing
quick, an-line access to suppoart information played a
major role in the decision of the operating system envi-
ronment to use for ET DART (see below).
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_ Guideline Questions/Decision Rules

Of all of the aspects that were anticipated by the devel-
opment staff to be relatively easy, it was the incorpora-
Hion of the decision ndes, i.e., the questions (see Figure
1). However, the niles were designed initially to be used
as a paper-based procedure, and were [aid out with that
method in mind. . We quickly found that there was more
jo the incorporation of the nules than merely typing them
in as-shown in the Witmer and Knerr document. For
exarnple, en rodte messages that are provided as the
decision path is followed in the paperbased version
must also appear in a results or summary area if they
are to be of value to the user. In other cases, notes and
responses marked with an asterisk (suggesting pessible
cost increases) that are produced in the process of using
the guidelines must appear to the user of a computer-
based version of the guidelines if they are to be useful.
Therefore, the incorporation of the decision rules re-
guired the program developers o review the rules and
the results fo ensure that they would still be complete,
meaningful and ussful when transferred to the computer
database. )

Software Development Issues

At the outset of ET DART development, it was neces-
sary fo resolve cerlain software development issues,
such as: - L

= Whether the application would be in DOS or Win-
dows

= What sofiware development 100l(s} should be used

= What minimum hardware requirements would_be

- imposed on the user

= How o produce a stand-alone, executable appli-
cation

= Whether to consider the inclusion of multi-user or
network capabilities and/or client-server architeciure

= How to work within finite available resources for the
development of the application

By analyzing the issue of available resources, it was
possible to limit the other issues and choices signifi-
cantly. Our available programming resources dictated

that a software development tool utifizing the Xbase

language would be necessary. ~This namowed the
possible selections, but still allowed several options for
user interface:

Option 1. Atext-based (DOS) interface utilizing Clipper
501 and Nantucket Tools il for programming the
application.



Option 2. An intermediate step between a text-based
interface and a GU! using Foxpro ver. 2.5 for DOS. (This
interface provides pull-down menus, pop-up windows,
point and click, click and drag, and other Windows GUI-
like features, but runs in DOS and does not require the
additional system overhead requirements of Windows.)

Option 3. The newly released Foxpro for Windows, ver.
25, providing an Xbase development piatform while
producing a true GUI and, with the additional Distribution
Kit, a distributable .EXE file.

Thus, the first major issue became whether to develop
the ET DART as a DOS-based todl or as a Windows
applicaion. There are several good reasons for each
posiion: DOS can provide a "universal' operating
systemn for the program, and can provide windows-like
capahilties; DOS also may provide a faster program
operating speed, although this is open to debate.
Windows, on the other hand, appears to be the envi-
ronment of the future, and provides a very attractive and
capable means for housing the ET DART. Because
Windows seems to be the environment of choice for
most users and developers (or soon will be), the decision
was made to develop the ET DART as a Windows
application.

The next question to be decided was the development
software to be used for the ET DART. The software
selected for use on the ET DART was Foxpro for
Windows; however, due o the need for expanded

memory to accommodate the full capability of the soft-

ware, the programmer staff had to use the DOS version
of Clipper initially {Option #1 above), which provided

usable code unil the memory upgrade was accom-

plished. To make the ET DART an executable file, the
Distribution Kit for Foxpro for Windows was obtained and
used {o produce the final ET DART products.

Although hardware requirements were somewhat a
limiting factor for the development of ET DART, the
project staff had to consider what hardware capabilities
were likely to be available for ET DART users. For
example, since Windows was the development and
utilization environment selected, there was "automatically”
a requirement for having at least a 386 processor with six
megabyles of random access memory (RAM), However,
the 486 processor is or wil soon be the standard for
most users, and greater numbers of Windows programs
have mandated even more RAM as requirerments for
intended users. The decision was therafore pushed
toward the higher end of the PC spectrum, as far as both
processor speed and RAM requirements.
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This is a supportable position as far as high technology
organizations and users are concemed: crganizations
such as AR! and STRICOM often have higher end
equipment to use in thelr jobs. However, usars in the
line organizations are often not so blessed. Their
systems may be lagging somewhat in speed, memory,
storage capability, as well as usable software. Forthis
reason, the ET DART staff has reserved the oplion fo
create a DOS-based version of the ET DART, using
Foxpro ver. 2.5, to ensure that users in the field will have
accass 1o a version of ET DART that offers basic
decision-aiding capabilities. '

In the interest of providing the most efficient, and ufti-
mately, the most useful on-fine help system, ET DART
developers are incorporating an interim context-sensitive
help facility info the ET DART tool. This type of help
system will provide users with assistance in the use of
incorporated application functions, not the "how to's"
associated with embedded training analysis methodolo-
gies. An Eleclronic Performance Support System
{EPSS), to be incorporated during a later phase of ET
DART development, will provide user assistance with the
analysis methodologies, plus all the functions supported
by this interim help capability.

At completion of Phase |, ihe ET DART will offer a
standard interface in which the user selects the appropri-
ate “hot key" and is then presented with a window
containing help suggestions for the function currently
being used. Buttons appearing in the window will allow
the userto select "QUIT" or "HELP INDEX". The HELP _
INDEX feature will present the user with an alphabetized
listing of all help fopics with standard "point and click”

selection capability. If more than one screen is required

for the help information, a standard scroll bar will appear
on the right side of the window. When the help function
is closed, the users are retumed to the exact location
from where they evoked the help. 1t must be stressed
that this help capability is an inferim solution and will be
replaced with a more comprehensive EPSS system. In
the meantime, ET DART users will have on-ine help at
their fingettips whenever they need application assis-
tance.

Current Screen Design

The current screen design for the ET DART is repre-
sented in Figures 4, 5 and 6, which show:

= a screen showing the training element being evalu-
ated (ie, mission, function, or task), guideline
question, answer, and rationale statement;

=z screen showing the resuls of a Block and Phase
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Is a data security iock-out device feasible?

Preliminary trade studies suggest that costs would be prohibitive.

Figure 4: ET DART model guidelines screen.

Eile Edit ET Model Utilities Help

Figure 5: ET DART results screen.
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ET DART
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ncHlysis: Repx

Weapon System: MIAL

Mission: Hasty Attack
Function: Target Acquisition
Task: Detect Target

Major Question:

Question:

safety incidents or accidents?

Question:

Phase Il Milestone I

Do safety or security concerns preclude use of the prime system in training?

Response:

L. Isthere a need to use simulation to reduce YES

Response:

4. Is a data security lockout device feasible? NO

Concept Demo

Rationale for Response:

Probably only severity of accidents can be
reduced.

Rationale for Response:

Preliminary trade studies indicate cost would
be probibitive.

—
{ concLUSION )=

rooy

SAD is recommended for security reasons.

Figure 6: ET DART Block/Phase Report.

analysis;
= and the type of summary that results from the use
of the guidelines.

These figures represent the ET DART as it is at this
writing, and may evolve over the next few months.
Additionally, the figures represent only the level of work
that is or will be accomplished during Phase | of the
program. -

Figure 4 shows the screen used when the appropriate
decision guidelines for the designated phase are provided
for evaluation of the mission, function or task that has
been input. Answers 1o the questions are provided by
the user, along with any rationale that he may wish to
provide. Figure 5 shows the results of the analysis.
Figure 6 shows a report for a particular mission, function
andfor task, and any additional messages encountered
along the way.

FUTURE WORK ON ET DART
At this writing, the Phase Il development goals will be

focused primarily around the determination of the training
devices/systemns to be developed for the weapon system,
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using projected costs of the altematives as the basis for
the decision.

The last set of procedures in the Witmer and Knerr
guidelines is the estimation of the cosis associated with
gach of the recommended training alternatives identified
in eatlier steps. The cost estimates reflect non-recuning
and recurring costs: design, development and procure-
ment are non-recurring, and operation and maintenance
are recuring. However, as Witmer and Kner have
noted, the interpretation of the cost data is_the most
difficult problem to resolve. The problem occurs when

- altematives yield different levels of effectiveness, thus
Tequiring different numbers of devices per alffemative.
. Under these circumstances, the problem is one of cost

effectiveness rather than just cost (Witmer and Kne,
1991a).” =~ - -

The Phase |l development of the ET DART should focus
on the development of cost decision rules that provide
an estimation of cost effectiveness. There are ongoing
studies of cost and training effectiveness being conduct-
ed at the Institite for Stmulation and Training at the
University of Central Florida, under the sponsorship of
Office of the Assistant Secretary of Defense (Force



Rl i o . R e

Maragement and Personnel). This effort is directed at
the development of a set of cost and training effective-
ness methods and standards. In addition, the Aircrew
Training Research Division of the USAFs Armstrong

Laboratory is studying the cost effectiveness of different

types of simulators and training devices in_order fo
detenmine a standard set of methods for determining cost
effectiveness of training. The ET DART project staff wil
incorporate as much of the results of these studies and
other cost information as possible into a set of cost
decision guidelines for use in making final training media
decisions.

In the longer terrn (Phase i), the ET DART development
staff intends to create and install an enhanced perfor-
mance support system (EPSS) to replace the interim
context-sensitive help systern previously incorporated.
The EPSS is a step forward in on-line user assistance,

an initiative that addresses not only what a userneeds to .

know, but how and at what rate they need fo leam. [n
effect, the EPSS for the ET DART is a leaming tool.

The ET DART is, naturally, centered around the detetmi-
nation of embedded training system reguirements, and
should be used early in the weapon system acquisition
process. However, the recommendations and other
resulting information that come from the use of the ET
DART guidefines include stand alone devices, actual
equipment training, and other altematives as well as
embedded training recommendations. In this regard, the
ET DART can provide results that are applicable to other
media selection processes and progams. However, it
should be noted that since most media selection pro-
grams are task and/or cbjective driven (i.e., the medium
is determined by the task or objective properties, such as
type of learning, etc.) rather than policy, implementation,
availability, etc., the results of the ET DART would
probably be used mainly either as validation of other,
media selection program decisions, or as inputs to the
media selection program for determination of the specific
media type fo be used.

SUMMARY AND LESSONS LEARNED

As part of the Total Training Systems Integration IR&D
program, the ET DART development staff at Lockheed
is creating an automated version of the embedded
training decision guidelines developed by Witmer and
Knerr (1991a). The development of the ET DART
program, based in part upon earlier work by Copeland
{1992) and Chatham (1992), will be. parformed in three
phases, each of which will build upon and enhance
earlier program capabilties. In addition to the incompo-
ration of the decision algorithms, the ET DART wil
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.include a means for documenting each of the decisions -

made in answering the guideline questions, and a report
production capability (Phase ). Later in the davelop-
ment ¢ycle, the program will include the cost effective-
ness rules or guidelines that will assist users in making
final media decisions, and will contain the capability for
using on-fine documentation, i.e., the weapon system
and service inputs (Phase 1l). The final phase of devel-
opment will focus on the inclusion of an EPSS for
providing users with both program-related and content-
related help..

Finally, in the process of developing the program, we
encountered several "leaming experiences” that we falt
should be passed along.

Lesson # 1. Do the basic version first, then en-
hance the program if you can, or if it's practical.
When the project staff began the design of the program,
there was a tendency o wanit {o jump from basic coding
to the development of major enhancements. Experience
fo this point suggests that when the baseline code is
completed, itis easier to plan tasks that accurately reflect
the scope of effort needed fo change the program. For
this reason, it was decided to produce the program in
phases. : :
Lesson #2. There is a big difference between paper-
based processes and products and computer-based
processes and products {and getting from one to
another). The nature of computer programs, and our
reasons for using them, should suggest that we might
not want to simply transtate paper-based procedures to
a computerized version of the same thing. Our realiza-

“tion of this principle came as we reviewed the decision

rules, and the Training Attematives Summary Matrix of
the original Witmer and Knetr guidelines. The matrix is

...a good representation of the summary of results of the

decision-making process, but only for the paper-based
version of the guidelines. Computers can present the
same information in a variety of user-selected formats,
and can present additional information as required. 1t
therefore made no sense, as we discovered, fo try to

merely replicate the matrix when we could design a =~

much more efficient and effective method for presenting |
the data.

Lesson #3. Don’t assume users know everything

about computer programs, or care, Aswe developed
the program, the user intetface becarne an important
issue. As_ a staff who ranged from knowledgeable
programmers fo mere computer users, we often found

. ourselves designing and developing a program that

assumed oo much about the user's familiarity with



Windows or computer programs in general. We there-
fore had to back off occasionally from the program to
evaluate the user friendliness of the interface, and
change it, in some cases, to ensure the usability of the
program,
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