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ABSTRACT

The generation and delivery of highly complex team and individual scenario-based training is bounded by a
variety of requirements. This training method must accurately replicate conditions that include a realistic envi-
ronment, rapidly changing events, multiple information sources, rules and procedures, and time and com-
mand-induced performance pressure. Past research indicates that training scenarios should be tailored to in-
corporate events to create valid learning opportunities, stimulate desired performance, and provide team stress
management insights. However, the complexity of tailoring this “curriculum” presents a daunting task for nov-
ice and expert shipboard trainers. Therefore, a strategy to intelligently manage the process of event selection
was determined to be important. Following our analysis of the state-of-the-art in scenario-based training sys-
tems, it was evident that, during scenario development, the event selection or creation process was left to the
user. This places a nearly impossible demand on novice trainers to ensure that scenarios and supporting
products are related to the mission, training objectives, and past performance. Indeed, while this task is within
the capabilities of expert trainers, it is very time consuming, and not often done. This paper outlines efforts to
create a formalized, user-centered architecture for assisting trainers in the selection of scenario events using
performance history data, mission criteria, trainee identification, and other factors. To enable this, an event
library had to be created that would “understand” training objectives, complexity, and inter-event relationships.
Success will provide the capability for novice and expert trainers to harness the power of scenario-based train-

ing.
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INTRODUCTION

Scenario-based training provides a situationally-
based context for exercising team and individual
knowledge, skills, and abilities. Typically, this train-
ing environment is highly complex and must exer-
cise a wide variety of training objectives under real-
istic and controllable conditions. Characteristics of
this highly challenging training medium include rap-
idly changing events, multiple information sources,
rules and procedures, and time-and command-
induced pressure (Cannon-Bowers, Salas, & Gross-
man, 1991). Past research has indicated that train-
ing scenarios should provide valid learning opportu-
nities. This implies that performance must be ob-
servable and measurable (Hall, Driskell, Salas, &
Cannon-Bowers, 1992) and this observation must be
conducted within a structure that provides events
that are related to learning objectives (Prince, Oser,
Salas, & Woodruff, 1993). Research has also dem-
onstrated that training for teams and individuals who
perform their functions within stressful situations
should be structured to improve performance under
these stressful conditions (Hall, Dwyer, Cannon-
Bowers, Salas, & Volpe, 1993).

For individual training, scenario construction and
tailoring is complicated by the large number of ob-
jectives and events required to stimulate measurable
observations and create the learning situation. How-
ever, in a team training environment a scenario must
be orchestrated to satisfy not only training require-
ments for several individuals, but for the team as a
whole within the same setting. For Navy team appli-
cations, this complexity is compounded by perform-
ing tasks in a changing operating environment. A
wide range of supporting training material is also
required for setting the stage and for providing rules
under which the team must respond to the situation.
Finally, scenario script construction must be con-
trolled to provide an appropriate set of events tai-
lored to training objectives, to controllable stress lev-
els, and to support measurement, diagnosis, and
feedback.

Currently, however, the selection and tailoring of
such a complex “curriculum” presents a daunting

task even for the most experienced Navy trainer.
Extensive shore-based support activities and spe-
cialized training groups, independent of the person-
nel being trained, typically construct the scenario and
supporting products over a period of weeks. Recent
changes in Navy training and other services are
placing pressure to reduce this support infrastructure,
thus transferring this burden to the commands to
develop their own training. Pre-scripted scenarios
offer some solutions, but they do not support “just-in-
time” training for new missions and they still require
a large maintenance activity ashore. How does this
movement of training development from the shore to
the ship impact the quality of training? First, devel-
opment is removed from the experts ashore and
given to shipboard trainers whose instructional skills
range from novice to expert. Second, shipboard
trainers do not have the tools necessary to perform
this function within their time and manning con-
straints.

In light of these issues and questions, the Navy re-
search community has undertaken the task of devel-
oping tools for shipboard trainers to perform the
functions of rapid scenario development, data col-
lection, diagnosis, and feedback within this environ-
ment. This effort is associated with the development
of advanced embedded scenario-based training
systems for the Shipboard Instructor Training and
Support and the Advanced Embedded Training re-
search programs (Naval Air Warfare Center Training
Systems Division, 1996). This paper outlines the
process used to develop a conceptual architecture to
support building scenario based training curriculum.
The paper first outlines the process used and re-
search results from reviewing current training sys-
tems. Second, the paper applies these results to the
identification of functional areas where trainer sup-
port was needed. Third, the paper describes an ar-
chitecture that is under development in the man-
agement of training events. A description of future
efforts and a summary is also provided.
STATE-OF-THE-ART REVIEW

Past efforts in the development of scenario-based
training system guidelines and review of training



needs created the foundation for a state-of-the-art
review of training systems. These works included:
Pemberton, Classe, Bradley, and Wilson (1994) who
provided information related to automated force lay-
down for large scale exercises; Prince, Oser, Salas,
and Woodruff (1993) incorporated functional ele-
ments important to the stimulation of team and indi-
vidual responses and for developing focused sce-
narios; and Salas, (1989); Swezey, Llaneras, and
Salas (1992); and Tannenbaum, Cannon-Bowers,
Salas, and Mathieu (1992) who added context rela-
tive to the design of systems for team training. Fi-
nally, Swezey and Salas (1992) contributed instruc-
tional features important for use in team-training de-
velopment. These sources were combined with
other efforts into a survey (Stretton & Lackie, 1996)
which was used to determine the degree to which
each functional area was supported.

Data from a review of over 20 systems was col-
lected, cataloged, and analyzed to identify system
needs for future training systems. Survey data were
categorized by training objective identification, sce-
nario development, data collection, assessment,
feedback, and follow-on training preparation. This
allowed identification of weak areas across systems
to focus the development of a functional architecture
for future scenario-based training systems. The fol-
lowing provides a high-level overview of the review
findings:

Sixteen of the systems allowed adequate
scenario control (run, freeze, restart, etc.)
Fourteen different entity databases ex-
isted

Twelve different
sources were used
Six of the systems provided a means of
assessing performance with system as-
sistance

Two systems provided feedback, outside
of replay

Two of the systems provided the software
capability to state the training objectives
to the trainers or the trainees

Three of the systems semi-automatically
developed the scenario, but only for time
zero

Two systems assisted in developing sce-
nario products in addition to the script
One system formally linked training ob-
jectives to events in software

One of the systems provided resource
management capabilities for training

environmental data

One system formally linked training ob-
jectives to the software-produced feed-
back

Many of the systems were of limited use
in scripting a scenario

Human-computer interfaces for full scale
training systems were very difficult to use
for building a scenario as evaluated by
their developers and users

Few of the systems could communicate
across other training systems.

None of the systems established and
stated performance goals for training

TRAINING MANAGEMENT ARCHITECTURE

Upon review of the above data, it became apparent
that several systems currently exist that run and
control scenarios. However, significant limitations
were identified in the areas of training objective
identification and traceability, scenario pre-training
materials generation, and stage setting for scenario-
based training tools. Therefore, the focus of the ar-
chitecture definition concentrated on training prepa-
ration support. Figure 1 presents the scenario de-
velopment goals and general capabilities projected
for Training Management Module (TMM) Architec-
ture and Figure 2 provides a concept for training
management functional architecture. Identified are
several key areas of functionality required for devel-
oping a scenario and setting the stage for the train-
ing. Each of these high-level functional areas are
described below.

Mission Definition

In support of training objective identification and de-
fining conditions and tactical parameters, the mission
has to be identified. This capability will provide the
user the ability to select the mission for which the
ship will be training. In conjunction with identifying
the mission, this functional area will also support the
selection of the warfare area to be assessed for the
training session. The mission and warfare area se-
lection will result in identification of command/unit
training objectives and corresponding measures. The
processed mission-related objectives will be for-
warded to the training objective identification, condi-
tion definition, and functional areas.

Training Administration and Objective Definition

One of the key elements in conducting effective
team and individualized just-in-time training is un-
derstanding the objectives that have not been
trained or are
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Figure 2. Training Management Functional Architecture for Training Preparation Support

deficient and what the mastery level is for each indi- administration and training objective identification
vidual and the team. The questions that training must answer are as follows:



Who is being trained?

What is the performance history for each
training objective?

What missions have been trained?

Does the commander or training officer
have specific training requirements?

Who are the trainers and what is their
history?

What are the candidate objectives for this
training session?

The training administration functional area will re-
guire three basic inputs. First, administration will
need past performance by individuals and teams.
The system must support a database of the per-
formance assessment, diagnostic, and debriefing
results that serve as a means of tracking individual
and team historical mastery of training objectives.
These data will need to be accessible by individual,
watchstation, and team composition. This also im-
plies that the scenario developer must to be able to
identify the individual being trained for a session.

The system will also need the capability to monitor
training objective and mission sessions over time to
determine the frequency of performance and identify
those objectives that have not been trained and to
track highly perishable skills. This monitoring capa-
bility will contribute to the identification of recom-
mended training objectives to a candidate list of ob-
jectives for training.

In addition to identifying individual and team defi-
ciencies, mission experience by individual and team,
and the warfare area, training personnel will need to
be able to manually specify training requirements.
For example, a commander should be able to state
that a certain mission, warfare area, and geographic
location be trained for a given period. The operator
will then input these command requirements as high
priority objectives for each training event.

Next, the system will then process the data associ-
ated with trainers, trainees, performance history,
training objective history, and manual preferences.
This data will be used for comparing historical train-
ing objective performance by the team being trained
with training objectives that pertain to the mission as
identified in the mission definition. This comparison
will result in candidate objectives training with mini-
mal operator intervention. This working list and
trainer and trainee information will then be forwarded

to other functional areas for use. Figure 3 provides a
notional display for training objective identification.

Condition Definition

Each mission will have a set of conditions that are
associated with performance. Condition definition
function will address three main tasks. First, military
definition will define the antagonist or antagonists,
their own order of battle, and the friendly order of
battle. Military definition will use inputs from mission
selection and identified ship objectives. Training
objectives and ship objectives must automatically
coincide with a military definition that will provide a
capability for simulation which will support exercising
objectives. Stress variable selection will also assist
in this definition by defining the numbers required to
achieve selected levels of stress. Military definition
information will be sent to event generation, tactical
definition, and scenario development output prod-
ucts.

Another important part of the condition definition
function is environmental definition. Environmental
condition functionality will include the geographic
location development to include antagonist area of
operation, elevation data, slope data, and important
landmass profile information. Environmental condi-
tions will also include equipment performance factors
such as radar or visual detection capabilities.

The final portion of condition definition is civil defini-
tion. This function will provide the geopolitical situa-
tion development. A geopolitical situation is char-
acterized within the system and database structure
as consisting of political, economic, military, and
cultural summary information.

Tactical Definition

Tactical definition provides the major functional ar-
eas of tactical context and outcome performance
measure definition. An example of this is the defini-
tion of the rules of engagement (ROE). Templates
will be provided for each mission type. The operator
will be able to accept default ROEs generated by the
system or modify and save changes for the upcom-
ing scenario and for future scenario opportunities.
The ROE must have the ability to transfer discrete
performance values to the performance measure-
ment module.

Tactical parameter definition will also provide similar
capabilities for generation of mission situation sum-
maries, commercial and general aviation and ship-
ping status, and call signs and identification friend
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or foe (IFF). Other functions of tactical definition will
be the development of identification procedures
templates and the use of standard or user-defined
operational tasking messages that support training.

Stress Factor Control

The stress factor selection process will provide the
scenario developer with the capability to control sce-
nario difficulty. This capability will require little user
interaction and provide information describing the
impact of changing the various control parameters.
Stress factor control areas include track control,
threat control, tactical control, and environmental
control. Track control will allow the scenario devel-
oper to use a simple user interface to control track
density and ambiguity. Threat control parameters
related to stress include the type of units
(capabilities), the number of units associated with
events; profile and reaction time controls, ambiguity
level (threat tailing a commercial unit or identification
ambiguities), and others. Stress factor selection as-
sociated with tactical parameters will also be pro-
vided to the scenario developer. Stress factor con-
trol will provide inputs to the own ship definition
process. These inputs will include equipment status,
switch-setting requirements for training, and casualty
control inputs. Finally, environmental stressors will
be controllable by the scenario developer. These
parameters will control environmental effects that
can impact operational performance.

Event Selection

Event selection and scenario definition are the heart
of scenario development for correlating between
training objectives and the events that are used in
the scenario. This function supports the operator in
selecting appropriate events to stimulate actions
relative to identified training objectives.

Complexity requirements for events will be a system
estimate of operator and team proficiency that con-
trols the default level of difficulty for the events and
existing scenarios. This estimate will be modifiable
by the operator to increase or decrease default diffi-
culty values.

The candidate training objectives identified in train-
ing administration will be analyzed to determine what
classes of events will stimulate objectives. The
system will check these events to determine if they
are compatible to be run within the same scenario
and correspond to condition definition parameters
(military and environmental) and stress factor selec-
tion (clutter level, commercial air, shipping, etc.).

TMM events will be divided into two major catego-
ries: tactically significant events and background
events. Tactically significant events will be the focus
of trainer attention and are primarily constructed to
elicit a response from the team being trained. Back-
ground events will be created to simulate the re-



maining events that form the operational environ-
ment of the scenario.

An event organizer will use the settings, such as time
available for training and specified time goals be-
tween events, to organize the events into a recom-
mended, logical sequence and associated force lay-
down. The event organizer will also identify events
in the library that form logical alternatives to the se-
lected event. This information will support the sce-
nario development engine to allow the user to select
alternative force laydown schemes for the scenario.

Scenario Definition

The process and functional overview described thus
far has focused on the process used to build a new
scenario and to prepare support products and infor-
mation. This section discusses the functions not only
to use the information described in the previous sec-
tions to continue the scenario development process,
but also to describe the process of selecting an ex-
isting scenario and the process and functions used in
modifying a scenario that closely meets the training
requirements.

Building a New Scenario. For developing scenar-
ios without prior data, the scenario development en-
gine will focus all of the scenario preparation from
the previous functions into a laydown of the scenario
into the tactical operating area. Considering selec-
tions in mission definition and condition definition,
entities used in the scenarios will be defined by order
of battle, modified by stress factor definition pa-
rameters and compiled into events with associated
training objectives and performance measures.
Condition definition information will provide geo-
graphic placement context and other background
environmental event information.

The scenario development engine will display the
scenario in a geographic context for the user. This
display will identify the critical training events. These
system-selected events displayed for the user will be
modifiable within scenario development system set
limitations. For example, way points for an event
may be repositioned within the context of the training
objective and scenario time limits. In addition, a set
of alternative scenario events that will also meet the
training objectives will be displayed to the user when
desired. The alternative events may include:

Different approach paths,

Variations on points of origin,

Types and classes of tracks, and
Kinematics (altitude, course, and speed).

The operator will be able to easily review these op-
tions from a list, select an alternative event, and
visualize the change in the scenario laydown if the
alternative were to be used. Upon initial review and
determination of the scenario laydown and script, the
operator will have the capability to pre-play the sce-
nario in real time, fast speed, or slow speed. This
will be the operator’s validation of the scenario.

Using an Existing Scenario. If during the training
objective identification process it is determined that
an existing scenario meets the requirements for this
training opportunity, the user will have the capability
to select the existing scenario. The user will be pre-
sented with several types of information that will as-
sist in this determination. A summary screen will be
available that provides access to mission definition,
condition definition, tactical parameter selection, and
stress factor selection to allow the scenario devel-
oper to “pull the string” on the scenario support
structure.

Historical information on the existing scenario shall
be available to the operator for review. This infor-
mation will include:

Training objectives satisfied,

Teams and individuals trained,

Last date used,

Stress variable and difficulty settings, and
Individual and team performance data
summary.

This information will support the trainer in determin-
ing whether a scenario has been used previously by
the team or individual, why the scenario was used,
and performance information. This will assist in de-
termining whether it is appropriate for reuse or re-
guires modification.

Modifying an Existing Scenario. Modification of
an existing scenario may be conducted for several
reasons. First, the trainer may not want to use the
identical scenario to train the same set of objectives
to prevent conditioning to a single situation. Second,
all of the objectives required for training may not be
stimulated by a given scenario, thus requiring modi-
fication. Third, similar events could be used but the
trainer could vary the stress factor selection values
to make the events more difficult.

Methods for modifying scenarios will include dele-
tion/addition of events, varying stress factors and
difficulty, changing the order of events, modifying the
threat sector, moving the theater of operations, and
varying the location within a theater of operations.
Addition of events will be conducted based on the
need for satisfying an objective that was not met by



the original scenario. Added events will “bring”
training objectives and measures with them. The
user will be able to select an event that will stimulate
the required objective.

Modifying the scenario will be conducted by chang-
ing the stress factors and difficulty level of the sce-
nario. This will cause variations in track density,
clutter loading, and other settings that control the
tempo and density of the scenario. The trainer will
be able to modify the scenario by varying the order
in which critical events occur.

The system will support modifications by changing
own ship location within the area of operations.
Changes in threat points of origin will also be sup-
ported to cause changes in threat sectors and thus
operator expectations.

The user will be able to modify the theater of opera-
tions. This modification will retain the classes of
events required to change the objectives but result in
near automatic changing of antagonist, country, or-
der of battle, and track types resulting from the repo-
sitioning of the area of operations. The user will
need the capability to review the changes throughout
all of the functions described previously in this sec-
tion as well as the summary of the scenario. Figure
4 illustrates a notional display for viewing the sce-
nario.

Products Management

TMM output products will be available to four
sources. First, output products need to be made
available in the form of data files to appropriate soft-
ware modules. Second, output products shall be
sent to a printer for hard copy to support training
briefing, trainee briefing, scenario run support mate-
rials (scripts for role players, reference materials for
team, and support information for the trainers).
Third, scenario development output products shall
be made available to a hand-held device for display
to the trainers. Finally, and most importantly, the
scenario development scenario file output products
shall be provided to selected scenario run devices
for scenario implementation and control.

Many of the products will require output in several
formats to many locations. TMM will account for the
differences in these types of unique output require-
ments for all output information. Figure 5 presents a
notional display to support products management.

EVENT STRUCTURE CHALLENGES

Many of the functions and automation features pre-
viously described in this paper imply the need for a
high level descriptive language for event definition
and utilization. Current methods of scenario devel-
opment require each entity to be fully defined and
scripted with each changing course, altitude, speed,
and action defined by the user at the time of imple-
mentation. For large scale exercises with hundreds
or thousands of tracks this becomes an unmanage-
able situation. Hence, current development takes
weeks or months. Therefore, the main technical
challenge of this effort is to streamline the process of
scenario development to an acceptable level for
shipboard trainers given their workload and time
constraints.

What is the critical link in making this happen? How
much can events be abstracted to maximize tactical
reality while minimizing the trainer's need to inter-
vene in scenario development? What archiving
mechanisms are needed? How should these events
be related to the training objectives? What is a
team-level event? Platform-level event? Individual
operator event? How are these orchestrated into a
scenario? How much must individual events “know”
about other events?

These questions led to the development of some
initial requirements for intelligent event selection and
definition. The automated knowledge elements of
events have to be constructed to understand geog-
raphy, objectives, measures, and other events. After
reviewing several real-world cases and determining
what critical events are, trainers were interviewed to
gather knowledge on the thought process that was
used to construct events within scenarios. This in-
formation led to an initial high level knowledge rep-
resentation for events. The knowledge an event
must include factors such as antagonist, origination
point, objective, relation to own ship, relation to
platforms of interest, political boundaries, interna-
tional airspace, ROE, and relationship to other
events. With this high level understanding of how
the event fits within a general context, the event will
be able to understand how it can implement itself
within a specific location. This will allow automated
repositioning of events to different theaters, theater
locations, and how they play out with other events.
This effort is still in definition and initial implementa-
tion.
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SUMMARY

Establishing an architecture for conducting tailored
individual and team training scenarios and the asso-
ciated support materials can have a great payoff for
training effectiveness. Current capabilities do not
fully support tailored scenario-based training. A
state-of-the-art review identified current and future
system deficiencies that were used to develop a
conceptual architecture for the shipboard TMM. The
technical challenge within this architecture was iden-
tified as the intelligent event manager and the con-
struction of the event library. An event management
capability could greatly reduce the time and effort
required to develop and manage large scale training
exercises, and to improve flexibility in developing
just-in-time scenarios for a larger variety of missions.
Although the focus of the research to date has been
conducted within a single warfare area for a single
ship, the findings suggest the potential for application
to: other shipboard training, such as engineering and
navigation; multi-ship training; managing disparate
resources within large-scale training exercises; and
non-military training applications.
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