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FOREWORD: Why Learning Methodology in a Technical Program?

There is no denying that technology has atered how we live, work, and play throughout the
world. The advent of computers and networking systems has opened new thresholds for research
and development in not only how we move information from one place to another but also in
how we learn and train. But regardless of how fast and complex our current technical systems
become, they still do not surpass the complexity and individualism of the human mind. A
technical system that does not enhance the abilities of the humans who operate it is only that--a
machine without a purpose. And humans who do not leverage the capabilities of the
technologies available to them are limiting their abilities to achieve and learn. The idedl is to
assure that the psychology concepts of learning are incorporated into the architecture and
programming of systems so that maximum capability may be achieved and that the appropriate
technologies are accessible and available to support these concepts. In no other environment is
this more crucial than in the military.

With the ever increasing complexity of weapon systems to be learned and operated, changes in
warfighting doctrine, reduced availability of live assets and terrain for training, and fewer
personngl available for more deployments, technica models and smulations are becoming
among the most critical force multipliers within our current defense programs. It is not enough
to budget for and build the technologies; to ensure that future systems provide the most effective
learning environment available, we must include up-front design that supports a validated
learning methodology .

Just as technologies need people to be useful, educational psychology needs applications and
continued research to identify how we learn and transfer new knowledge and skills to tasks at
hand. A learning methodology is a systematic approach to learning that can be applied to the
development of a technical system to enhance and expedite learning. Consideration needs to be
given to both behaviora and cognitive aspects of learning. The behavioral aspects of an
individual can be observed. As behaviors have been studied and identified, we have learned they
can affect how a person learns as well as how much he can learn and transfer to the task at
hand. Much research has been conducted on identifying and treating behavioral learning
problems, and educators and trainers have made great strides in prevention and intervention of
behaviora obstaclesto learning.

Cognitive psychologists focus on the mind and mental processes, inferring that activities occur in
brain since we cannot observe the brain’s interactions. We can, however, report the results of the
brain's activities. Cognitive psychologists study mental functioning through the scientific
method--solving problems and through combining thinking and data collection. So little is
currently known about the human brain that cognitive psychologists base their ideas of the
probability of what is going on insde the brain on models. A model is a pattern that we
understand which seems to function with similarities to the object we are trying to understand.



One type of mental model is borrowed from the computer, because the computer is able to
accomplish many of the tasks ascribed to cognitive functioning. The computer and the brain
follow a smilar process. accepting incoming information, storage of that data, and then applying
the stored information at a later date to solve problems. As the brain stores thousands of bits of
information, it turns into a search engine as problems need to be solved; it retrieves stored
knowledge, and applies that information in order to correct the situation. The more problems to
be solved at once, the more complex the brain functioning; it must prioritize, conduct multiple
paralel searches for data, then instruct the body on how to respond. In a team-training
environment, each member of the team is running paralel processes in his or her brain. The
difference is that each individua is uniquely "wired," and each brain is functioning based on its
own behaviora conditioning and style of cognitive processing. The goa of training is to get
them al to all work as collectively as possible in assmilating and applying information to the
perceived problem.

But comparing the brain function to the computer is too simplistic; a model is an analogy and not
a replication to the thing to be studied. Because the mind and the computer are two different
things, though they have strong similarities, the mind must ultimately be looked at against other
models and continuoudy studied in its own uniqueness—-in that the mind functions beyond
information processing through emotional and sensory stimuli. It is the responses to other
stimuli that cause diverse levels of learning among individuals. Whereas computers rely on
people to construct, activate and deactivate them, people carry unique and individualized patterns
of behavior and cognition that affect how they absorb and process information; the computer is a
tool for learning.

A Learning Methodology applied to the development of a technical system tries to diminish the
impact of diverse cognitive and behavioral learning styles by setting a systematic approach to
learning, whether focusing on individua or team training. The goa for the learning
methodology personnel is to provide the developers with the best learning knowledge available
so that they in turn can provide the end users with the best learning tools that can be built.
Learning Methodology accomplishes this by ensuring the development of a robust learning
environment. An environment where training activities reflect the perspectives of three critica
contributors: the developers of the tools (programmers), the subject matter experts of the content
knowledge to be learned (the users), and those who have the most scientific understanding of
how people learn (LM personnel). To be successful, it must truly be a team effort, with LM
personnel operating as critical members of the collective effort on equal footing with traditional
development teams. This dynamic process is best served by providing continuous LM support
and guidance throughout the requirements, design and build process, rather than after the fact.

It is this partnership that will ensure the blending of the best minds in technology, content subject
matter, and learning psychology in the building of complex technical training systems. The god
is to provide a system that supports the end users in effective development of the identified
critical team core competencies. This manual is intended as a support tool for the individuals
who will in some way touch and guide the development of military technical training systems.
The focus of Learning Methodology personnel is to provide information to developers and to
assist developers by providing a process-a systematic approach to learning--to be embedded
within technical training programs. This will help the programmers and developers achieve the
ultimate objective: effective training. Learning methodology specialists will be able to design
the process that will help formulate the training objectives, provide the learning format for the
6



development of the training exercises, and provide the measures of effectiveness for determining
the success of the training.

This manual provides a layman's perspective of on Learning Methodology and reflects the team's
collective view on the subject. It is intended for use as a reference rather than a “how-to
manual.” It provides a continuity of thought from theoretical concepts to methodology
implementation. Points of contact are provided for those who wish to obtain more information.
The authors' intent is to provide support both within the government domain and across into the
domains of education and business. We welcome ideas, criticisms, and questions--for it is
through spirited dialogue that we as technical community learn and create the future.



1. Purpose

This Learning Methodology Reference Document explores the application of Learning
Methodology to the design; development and fielding of a ssmulation based training system. The
primary purpose of this document is to provide an in depth explanation of what Learning
Methodology is; why it is important to the design and development of technical training systems;
and why the systematic process of the Learning Methodology is critical in establishing an
effective learning environment. Over a system's life cycle, Learning Methodology can provide
valuable guidance in setting requirements, defining design, generating documentation, and
testing capabilities and follow-on deployment.

2. Introduction and Background

Learning Methodology has evolved out of a need to improve the military training delivery
systems. A paradigm shift has taken place in the battle space faced by our military forces. Over
the last thirty years there has been an ever-changing environment of added complexity and
ambiguity. The information age has entered the battle space. Initial approaches were centered
on using advanced modeling and simulation technology to improve the legacy training processes.
The anticipated improvements did not take place; it became evident that a radical change was
required to address the situation. As part of the Navy's Tactical Training Strategy (TTS),
movement was initiated toward shifting from a training to a learning focus on future systems.
The Battle Force Tactical Training system was the first Navy fielded system to make team
learning a fundamental system requirement. The models and processes initiated in BFTT were
used as the foundations for the cross service Learning Methodology process documented under
the Joint Simulation System (JSIMS). The second generation BFTT is integrating the Learning
Methodology as part of its development and deployment strategy. The technology and
innovation revolution, an outgrowth of the Information Age, has been one of the primary
enablers for the advancement of learning systems through the ability to create virtual battle space
through interactive models and simulations. Equally important in enabling these advancements
have been the research discoveries in the area of cognitive processes.

The JSIMS Learning Methodology Working Group (LMWG) was established in January of
1998, consisting of user representatives and subject matter experts in the implementation of LM.
Part of the working group’s mission is to ensure that the established precepts of LM are reflected
in the processes of technical systems development, from requirement interpretation through
system delivery. Toward this end, the members of the LMWG participate in the activities of
various Integrated Product Teams (IPTs) and working groups within the program development
and implementation. By attending meetings, participating in product peer reviews, and
providing LM briefings and white papers to the JSIMS Enterprise members, the LMWG
continuously communicates LM related requirements to ensure they are reflected in the efforts of
the JSIMS developers. The JISIMS LMWG is continuing its efforts. A second group splintered
from the JISIMS LMWG to provide support for the BFTT reengineering process. The LM model
is being used to ensure that from software design, to scenario development, through training the
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trainer, attention to learning issues is a priority consideration. BFTT isin the process of forming
a Learning Methodology Working Group as part of its |PT Structure.

This Reference Document is intended to provide a foundation for a communication process by
fostering a common understanding of LM and its application to simulation based training
systems such as BFTT. The primary purpose of large-scale technica delivery systems is to
deliver training to the military services and joint forces. Therefore, the central measure of the
success of these systems is their effectiveness in providing effective learning environments that
results in measured improvement of the user team's core competencies. A methodology does
exist which can form the basis of such a strategy. This methodology, referred to as Learning
Methodology (LM), can be viewed as the synthesis of recent research results, as well as practica
experience, into a model of the learning process that can be applied directly to the military
training environment.

Learning methodology is based upon accepted theories as to how people learn. Over the years,
diverse learning theories have been examined, evauated, demonstrated, and/or applied in a
variety of operational and laboratory settings connected with military training. There are
differences among the basic theories, and there are many variants of those theories, which focus
on different aspects of the learning process. However, the more widely accepted theories do
share important common elements; these common elements have given rise to a shared vision of
LM across the military services. Three basic theories of learning are discussed in Section 3.
Section 4 summarizes key required elements for an effective learning environment, as expressed
by the learning theories. Section 5 describes a conceptual model of the learning environment,
which is based on accepted learning theories and forms the basis of the shared vision of LM.
Section 6 represents the LM vision as a step-by-step process, applied to simulation-based
training in a military environment. This LM process model represents a common view of
learning that was developed during collaborations among military service and joint
representatives. The process, its steps, and the relationships among those steps, form the basis
for expressing LM related requirements for a simulation based training system. Those
requirements are then summarized in Section 7. Section 8 discusses evaluation requirements and
methods.

3. Learning Theories

Presented herein is a brief overview of some of the basic theories on the human learning
processes. It should be emphasized that this is not an exhaustive or academic treatment of the
subject, but instead the intent is to provide general background as a context for the LM
discussions that follow.

A discussion of learning theories is complicated by the existence of many different models of
how people learn. Multiple theories continue to evolve with each addition to the knowledge base
in the field of learning; currently there is no single theory that has the unanimous support of the
scientific community. Moreover, not every person learns the same way in a given situation, nor
does a given person learn the same way in every situation. Thus, for the foreseeable future, there
will undoubtedly be numerous competing theories on learning, as well as numerous variants of
those theories to cover specific types of individuals and learning situations.
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Notwithstanding the diversity of learning theories and associated models of the learning process,
there are some important concepts that most accepted models have in common. Three basic
models are discussed herein to illustrate this commonality as well as some of the differences.
These three models are the behavioralist approach, the cognitivist approach, and the
constructivist approach. An incidental reason for building the discussion around these
particular theories is that they also provide a chronological perspective on the development of
learning theories. The behavioralist approach is the oldest of the three, while the constructivist
approach is a newly emerging theory.

3.1 Behavioralist Approach

The main tenet of the behavioralist approach is that environmental factors shape a person’s
behavior. This approach is concerned with changes in an individua’s behavior that occur as a
result of learning. Therefore, the behavioralist focuses primarily on the development of skills
and abilities, as opposed to knowledge.

Early behaviordists identified two types of conditioning, referred to as respondent and operant
conditioning, which can affect an individua’s behavioral response. Respondent conditioning is a
process whereby a subject is conditioned to respond to a certain stimulus from the environment.
A wdl-known example of this process is Pavlov’s dog, which was trained to salivate when a bell
was rung. This training was accomplished by repeatedly ringing a bell just prior to the dog's
receiving food.

Operant conditioning is a process whereby the subject’s behaviors work on the environment, and
feedback is used to reinforce desirable behaviors. Such feedback may be artificial, such as a
reward, or it may be a direct result of the subject’s behavior, such as the acceleration of an
automobile when the accelerator pedal is pressed. Asin the case of respondent conditioning, this
training is the result of repeatedly providing the reinforcing feedback when the desired response
is elicited. It is important that the time lag between the operant response and the feedback be
relatively short, so that the individual will correctly pair the behavior with the feedback. This
requirement is known as temporal pairing. It should also be noted that feedback might be elther
positive or negative, depending upon whether the goa is to reinforce or extinguish a particular
behavior.

The behavioralist approach has been shown to work for relatively smple skills, but it is not
effective when more complex tasks need to be learned. This approach is particularly ineffective
when there is a strong cognitive component involved (such as decision making), or when
temporal pairing is not feasible.

3.2  Cognitivist Approach

Cognitive theorists are concerned with the changes in an individua’s knowledge that result from
experience with a stimulus environment. The cognitive approach is based upon the concept of
schemata, or mental models, by which individuals organize their perceived environment.
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During learning, these schematic structures change by the processes of speciaization and
generalization. Specialization involves the integration of new information and experiences into
existing schemata. Generalization is the process of modifying existing schemata or of creating
new ones. For these processes to work in a training environment, it is necessary to provide
multiple opportunities for the individual to make changes and additions to existing models based
on experience with the environment.

Mental models exist in long-term memory. Therefore, in order for training to be effective,
learning must transfer from short-term memory to long-term memory. Different theories have
arisen as to the means by which this transfer occurs. What is important to realize is that an
effective learning environment must facilitate this transfer. An individual’s mere recollection of
a training event, even in minute detail, does not by itself assure that learning has taken place,
because this recollection may involve only short-term memory. A training program must
incorporate multiple exposures — and the right kinds of exposures — to the environment and
to feedback from it, in order for this transfer to take place.

According to the cognitive approach, in order to ensure that changes in knowledge occur, the
learning must be “meaningful”. That is, there must be perceived consequences for integrating
new knowledge or for failing to do so.

3.3 Constructivist Approach

A more recent development is the constructivist approach, based on the belief that learning is a
sdlf-assembly process. Constructivists suggest that individuals “construct” their understanding
of a topic area through two processes. conflict resolution and reflection. Within the
constructivist framework, discovery learning (i.e., free play) is preferred over formally structured
training. Discovery learning requires the trainee to determine the best way of learning; learning
is not externally determined or controlled. The responsibility of the instructor is to structure the
learning environment to ensure that there are sufficient opportunities to discover instances of the
desired learning objective.

It is believed that discovery learning increases a trainee’ s motivation to learn and produces richer
knowledge stores. However, because complex behaviors can be selected and orchestrated by the
trainee, it is possible that the trainee’s own goals may deviate from those of the training exercise
itself. The result is the potential for loss of control over the exercise on the part of the instructor.
An additional problem associated with the constructivist approach is that it can lead to
idiosyncratic learning, for two reasons. First, the course and progress of a training session will
be determined by what the trainee aready knows. Second, only that knowledge which is
personaly meaningful to the trainee will be integrated into long-term memory stores. These
potential drawbacks have led to the suggestion that discovery learning may not be appropriate for
novices within a domain. However, as the individual moves towards becoming an expert,
discovery learning may foster the development of a richer representation of the problem
space. In thisregard, it should be noted that modern technological advances, such as interactive
and multi-media computers, laser discs, and the WorldWide Web, can provide trainees with the
tools to support discovery learning when it is appropriate.
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3.4 Types of Learning within a Learning Organization

Within what is identified by Peter Senge and Michael Marquardt as a “learning organization”
severa types of learning are practiced:
Adaptive, anticipatory, and generative learning:
---adaptive learning is learning from experience and reflection:  action—outcome—
results data—reflection; can be single- or double-loop learning. Single-loop focuses on
ganing information for stabilizing and maintaining existing systems with the emphasis
on error detection and correction. Double-loop, a more in-depth process, involves
guestioning the system itself for the root cause of the errors OR successes.
---anticipatory learning is the process of gaining knowledge by envisioning and
expecting the future
---generative learning is created from reflection, analysis, or creativity.
Deutero learning is technically “learning about learning.” It occurs when the organization
learns from critical reflection on taken-for-granted assumptions. This type of reflection
provides an organization the opportunity to discover what they do (or have done) to either
facilitate or hinder learning, to invent new strategies to advance learning with the goal of
affecting change in the organizational learning practice.
Action learning/action reflection learning involves reflecting on real problems using the
following formula:  L(learning) = P (existing or programmed knowledge) +
O(questioning insight). As the invention of Reginad Revans, action learning provides a
well-tested method of accelerating learning. When used as a systematic process,
organizational learning increases so that it can more effectively deal with change and so that
its people can learn better and more effectively handle difficult Situations. Action learning is
used to examine a complex/difficult task, to move people to act to change it, and to return
the results to the organization for review and learning; people devote quality time and
energy as needed to learn how to learn and think critically. As a result the individuals
involved in action learning build the skills to meet team and organizational needs. Some
proven principles of adult learning are practiced in action learning participation:
1. Reflection upon participation in an experience increases learning
2. If too much reliance is on “expert opinion/information” individuals do not seek
own/new solutions
3. Welearn critically when able to question assumptions that drive an action
4. Accurate feedback from others and results of problem-solving actions increase
learning
5. Working on unfamiliar problems in unfamiliar settings provides greatest challenges,
potential and high probability are greatest for learning.
Mixed groups, nonhierarchical, often are better able to gain new perspectives
Action learning is most effective when learners are examining the organizationa
system as awhole.

No

From Michael Marquardt, in Building the Learning Organization, comes an identification of
specific characteristics for “new learning” that are applicable to what needs to be done to
establish an effective learning environment within the military:

1. Learning is performance-based, tied to objectives.

12



2. Importance is placed on learning processes (learning how to learn) as much, if not more,
than on the content.
3. Asimportant as coming up with the correct “answers’ is the ability to define the learning

needs.

4. Across the organization opportunities are created to develop knowledge, skills, and
attitudes.

5. In part, learning is a product of the activity, context, and culture in which it is developed
and used.

6. People are more willing and able to learn that which they have helped create.

7. Critical survival skill: the ability to know what one needs to know, and to learn on one's
own.

8. Continuous learning is essential for surviva and success.

9. Learning can be accelerated if facilitators help people think critically.

10. Learning should both accommodate and challenge different learning style preferences.

11. Learning is part of work—part of everyone'sjob description.

12. Learning involves a cyclical, iterative process of planning, implementing, and reflecting on
action. (p. 32)

Another type of learning that is becoming more and more prevalent is that of action learning— a
basic ingredient of a learning organization. The primary objective of this type of learning is to
induce new thinking by conscious consideration of group content, called “an action learning set.”
The model is centered on the concept that setting (or environment) and problems to be
considered are an important link to group decisions and the depth of the learning experience.
These settings and problems can be categorized as either familiar or unfamiliar, but team
learning reaches fullest potential when both setting and problem are unfamiliar.

4. Key Elements Derived from Learning Theories

The accepted theories on learning are applicable to the full spectrum of the learning process, with
some elements of each theory pertaining specificaly to the development of smulation based
training systems. Accordingly, this section summarizes those elements of an effective learning
environment, as expressed in the theoretical work, that should be considered in the design and
operation of a simulation based training system. For the most part, the elements described herein
are taken directly from the theoretical discussions and, if appropriate, re-labeled to relate them to
training systems.
The key elements are as follows:

Meaningful interaction between the training audience and a contextual environment

Repetition of training events

Variation of exercise conditions in successive training events

Exercise conditions pertinent to learning objectives

Non intrusive data collection of validated performance metrics on team outcomes and
processes

Exercise conditions adjusted for existing skills of the training audience
Meaningful exercise conditions

13



Timely and relevant feedback to the training audience
- After Action Review that includes team reflection supported by facilitated, open
dialogue.

These elements may be thought of as required characteristics of an effective learning
environment. They are not binary characteristics; each is met to one degree or another by a
given situation. However, the degree to which these characteristics are present will influence the
overall effectiveness of the learning environment.

4.1 Efficiency versus Effectiveness

The dements listed above are explicit requirements of an effective learning environment.
Efficiency is an implicit requirement that supports all of the listed elements. Clearly, the
trainer/facilitator must be actively involved in each of those elements. A primary purpose of an
automated training system such as BFTT is to support the trainer/ facilitator in ensuring those
elements are present. The effectiveness of the learning environment will be determined in large
measure by the efficiency that the training system imparts to the process. For example, the value
of timely feedback to the training audience illustrates the close coupling of the effectiveness and
the efficiency of the training system. If the process for creating and delivering after action
review (AAR) products is so efficient as to preclude significant delays in providing feedback,
then the learning environment will be more effective; i.e., a gain in efficiency leads to a gain in
effectiveness.

Each of the key elements is described below and is related to the learning theories introduced
previoudly.
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4.2  Meaningful interaction between the training audience and the
environment

For learning to occur there must be a relationship between the actions of the training audience
and the situation in the environment. The term “interaction” refers to the fact that thisis a two-
way relationship. The training audience must influence the situation through its behaviors, and
there must be feedback from the environment reflecting that influence. Providing this interaction
is the core function of a smulation based training system. The term “meaningful” implies that
the environment’ s reactions to the actions of the training audience must be redlistic and related to
the learning objectives. For example, if a training program is to instill a particular desired
competency, the training audience must be able to discern and reflect upon the tangible effects of
acquiring or not acquiring that competency.

4.3 Repetition of training events

The need for repetition is fundamental to the learning process. The effective transfer of
knowledge to long-term memory depends upon repetition. For learning to occur there must be
sufficient opportunities for the training audience to experience the relationship between its
actions and the situation’s outcome. Implicit in this requirement is the need for successive
training sessions with multiple events that allow the team to demonstrate what they know to be
appropriately timed. The interval between sessions must be long enough to permit reflection on
actions, but not so long as to de-couple the events. One of the advantages of a simulation-based
exercise isthe ability to repeat events.

4.4 Variation of exercise conditions in successive training events

As noted above, effective learning is the result of sequences of training sessions, rather than
independent situations. However, the repetition of identical events is not generaly an effective
strategy, for a number of reasons. First is the fact that the training audience’s skills change with
each succeeding event. For this reason, the trainer/facilitator may, for example, increase the
difficulty level for a succeeding scenario. Variation is particularly important when highly
cognitive skills, such as decision making, are being trained. If the decison-maker is repeatedly
presented with the same set of circumstances, then situation assessment will become a vestigia
process, and the training session invariably will be less effective or possibly result in negative
training.

Another purpose of varying the exercise conditions is to reflect changes in the composition of the
training audience. If a novice replaces an expert on the team, for example, the difficulty of the
training event sequence may need to be adjusted. If new combinations of individuals or teams
are aggregated into a higher level organization for a particular event, the exercise conditions
should reflect the fact that the organization has not trained together.

4.5 Exercise conditions pertinent to learning objectives
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To ensure that the desired behaviors are reinforced, it is necessary to relate the exercise
conditions to the learning objectives. If the exercise is not structured with opportunities for the
training audience to act in the desired way and to experience the consequences of its actions,
learning will not occur effectively. If the training audience does not view the conditions as
realistic (contextual) where the outcomes are directly related to the team’s inter-actions with the
environment, the training may not be perceived as meaningful, which again works against
effective learning.

On the surface, this element and the previous one (the ability to vary exercise conditions) may
seem redundant. However, given the ability to vary conditions, it is a jump in complexity to
recognize and understand the relationships between learning objectives and exercise conditions.
Those relationships comprise the essentia ingredient in this element of the learning environment.

4.6 Exercise conditions adjusted for existing skills of the training audience

The exercise conditions must also be adjusted to reflect the skills of the training audience. In this
context, the exercise conditions are commonly summed up using the term “difficulty”. That is,
the higher the skill level, the greater the difficulty. However, the relationships with the training
audience are more complex than the single measure suggested by focusing on difficulty. If the
training audience consists of more than one individual, skills may develop at different paces.
Certain skills may require more experience opportunities than others may, even if the level of
difficulty is the same. As suggested by the constructivist approach, the training strategy itself
may change with advancing skill level, from a highly structured and controlled environment to
one that isless so. Asin the case of learning objectives, the training audience’'s skills comprise a
fairly complex set of independent variables that must be understood in the process of specifying
exercise conditions. Learning is an iterative, building block process and through the systematic
adjusting of the contextual environment relative to complexity and difficulty, the training
audience can collectively acquire the competencies needed to obtain maximum performance
from their operational systems under adverse changing conditions. The desired outcome can be
visualized as an ascending spiral with the team competencies increasing with each training
session.

4.7 Meaningful exercise conditions

To foster effective learning, it is not sufficient for the exercise conditions to reflect the learning
objectives and the training audience’'s existing skills; the training audience must also perceive the
entire exercise as meaningful. In smulation terms, this corresponds roughly to the scenario
being redlistic. There is a difference between realism in the scenario and realism in the training
audience's interactions with the environment (discussed in paragraph 4.2). Readism in
interactions is primarily a function of the smulation models and training system infrastructure.
This type of realism is built into the system by the developers. Redism in the scenario is built
into the exercise by the trainer/facilitator and/or by a scenario author. Learning will not occur
effectively if the scenario is perceived as being unreditic, even if al the object models are very
realistic. The closer the scenario is to the training audience's actual or anticipated mission
situation, the better and more lasting the learning will be, because the learning will be perceived
as more meaningful. The role of the trainer/facilitator is work with the team to determine where
the team is relative to the desired competencies and set the training objectives for the next
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training sesson. In working with the team, The facilitator considers severa variables in
selecting the exercise scenario; these include the competencies to be trained, the training
audience's experience and demonstrated task and team competencies. The facilitator adapts the
scenario to provide multiple opportunities to demonstrate the desired competencies within the
expected operational context. Further, both learning of team and task skills are enhanced (learn
more in less time) by conducting relevant problem solving events within a contextua
environment. As the team demonstrates what they know with the contextual environment
(reflection in action) appropriate measures of performance must be non-intrusively collected.

4.8 Timely and relevant feedback to the training audience

As noted in the discussion of the learning theories, feedback to the training audience is
fundamental to the learning process. The requirement for “timeliness’ is fairly straightforward.
The concept of temporal pairing suggests that there must not be an undue delay from action to
feedback. Timeliness is easy to measure. Achieving “relevance” is more difficult. In complex
training Situations, especialy those involving large teams and highly cognitive skills, the action’s
impact on the environment and the Situation’s outcome might be very indirect and not
immediate. There may be cumulative effects which are difficult to relate to the training
audience's competencies, but which are nevertheless precisely the effects being sought through
the training process. For learning to occur effectively in this situation, feedback products must
be created which reflect the intrinsic value of the desired behavior, but which can be recognized
by the training audience to be the direct result of acquired competencies. Otherwise, the learning
is not meaningful in the context of the learning objectives, and learning will not transfer to the
long-term memory. Again, this is a complex relationship, which the trainer/facilitator must take
into account when structuring the exercise conditions, and the data collection and AAR (After
Action Review) strategies.

4.9 Facilitation of after action review

Effective learning requires that the training audience have sufficient opportunities to experience
the environment, act upon it, and understand and reflect upon its actions and their relationships
to the outcome of the situation (i.e, to the actions consequences). The role of the
trainer/facilitator after the exercise is to facilitate the processes of understanding and reflection.
The process of facilitation is quite different from the traditional, pedagogic process of
“delivering feedback” to the training audience. The facilitator must allow the training audience
to “self-discover,” through diaogue conducted around relevant topics such as situation
assessment and leadership. The team through reflection-on-actions uncover the relationships
between actions and outcomes and change their perceptions; they collectively learn. The
contribution of the facilitator is to help the process through guidance, team facilitation
techniques, and the furnishing of external reference data (e.g., ground truth data). The facilitator
iscritical to the process.

5.  Conceptual Model of the Learning Environment
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In recent years, the design of training systems has undergone a migration toward a learner-
centered approach. A key motivator of this migration has been the increased attention on the
guestion of the learning effectiveness of simulation based systems. In addition to considering
technology and human components, learner-centered designs focus on incorporating features that
create efficient and effective learning environments.

LEARNING METHODOLOGY MODEL
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Figure 1. A Conceptual Learning Model

Effective learning environments are systems that enable a training audience to develop the
competencies necessary to perform required tasks. Creating such environments requires an
understanding of the learning process so as to structure learning opportunities using appropriate
methods, strategies, and tools. One way to conceptualize a learning model is shown in Figure 1.
The model is based on the concept that the most effective way to develop task and team skillsis
to provide opportunities for trainees to practice

those skills within a contextual environment coupled with effective After Action Reviews
(AAR). One method of AAR is referred to as post reflective dialogue. Post reflective dialogue
is defined as a reflection-on-action process wherein the training audience reflects (relives) what
occurred during the execution phase, explicitly challenging perceptions of what happened, and,
through honest dialogue, changes individual and collective perception.
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In the model, the contextual environment (Synthetic Battle Space) is generated based on the task,
learning objectives and training audience’s skill level. The training audience is immersed in the
contextual environment where the outcome is dependent on the trainee’'s ability to collectively
problem solve within a rapidly changing environment.

As the trainee interacts with the environment, data is collected, merged and stored. Data
collected includes ground truth, perceived truth and performance data. Ground truth is the
situation and the environment as presented to the training audience and as it reacts to the training
audience's actions. Perceived truth is what the training audience sensed through its interfaces
with the environment (for example, a C4l display). Performance data is information on how the
training audience dealt with the situation as presented, and as it developed during the exercise.
Performance data relates to both task outcomes and team processes and includes both data
collected automatically by the system and data entered by observers.

During an exercise, the training audience’s performance is monitored, and the complexity of the
environment adjusted as appropriate based on skill level. After conduct of the interactive
exercise, a facilitated, learner-centered After Action Review session is conducted. In this
session, the training audience (supported by relevant feedback products) re-creates what
happened during the demonstration period and chalenges the results of actions taken. It is
during this phase that perceived truth is aligned with ground truth and “discovery learning” takes
place. By completing cycles around this model, the training audience continues to build
proficiency in both task and team skills, which have a direct impact on combat readiness. The
team asks the three basic questions. What happened? What should have happened? What do we
want to do about it?

To be effective, learning environments must employ systematic, deliberate approaches in order
to ensure knowledge and skill acquisition and retention by the training audience. Therefore,
certain disciplines need to govern the application of the model to real training situations. For
example, efficient learning requires the presence of specific, pre-planned opportunities for
participants to demonstrate and receive feedback in targeted competencies (knowledge and the
skill to collectively use that knowledge). The introduction of these opportunities must be
transparent; otherwise, the training audience may not perform in a realistic manner.
Uncontrolled free play, without learning opportunities and associated reflection-on-action, is not
a viable training strategy. At the same time, scenarios must not be so constrained that the
trainee loses interest. A well-designed scenario provides a contextua free play backdrop
interlaced with severa structured unexpected learning objectives.  Such a scenario allows the
team to meaningfully demonstrate what they know to resolve new problems.

A systematic approach must also be applied to data collection. Learning environments must
employ a coordinated data collection scheme to provide effective AAR products on targeted
tasks and competencies. The method used for data collection must be non-intrusive; the data
collection process should not require that trainees to modify their operational behavior. Based
on systematic data collection, feedback will support reflective learning and thus improve
performance. It is important to collect data related to outcomes (i.e., was the right decision
made?) as well as processes (i.e., was the decison made right?). Outcome measures of
performance (MOP) and measures of effectiveness (MOE) provide important information
regarding overall performance. Process measures provide information on the underlying tasks,
sequences of behaviors, and team dynamics that achieved the given outcome.
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The learning model supports the types of disciplines required to ensure an effective learning
environment, but it does not guarantee that those disciplines will actually govern training. The
first step in ensuring that the appropriate disciplines are actually applied is to design the training
system so that it supports a systematic and disciplined approach to structuring an effective
learning situation. This is the focus of the LMWG for both the BFTT and JSIMS thought
processes and development efforts.

6. The LM Process Model

During the collaborations leading up to the formation of the LMWG, a LM process model was
developed by representatives of the military and joint service component training System user
communities and the behavioral science research community. This model is depicted in Figure
2. The modéel reflects both the shared conceptual model of the learning environment, discussed
in Section 5, and actual experience with smulation based training systems within the military
services. The process model thus represents the fusion of learning theories and practica
experience in joint and each of the military service component training environments.

ARCHIVE
PERFORMANCE
DATA

Figure 2. LM Process Model

It should be noted that the synthesis of the LM process model was not the result of negotiation
and compromise among the service representatives. On the contrary, the initial discussions
reveaed that the learning process and the discrete steps comprising it are indeed common among
the services, except for some nomenclature differences. This fact should come as no surprise,
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since learning is the common objective, and learning involves a human behavioral process that
does not vary from one military branch to another.

The value of the LM process model, and the main reason for incorporating it into this Reference
Document, is that it is a means of expressing LM requirements in terms of a tangible process that
is consistent with each of the services and joint training environments. It provides the basis for
changing the current training infrastructure and culture. This is considered a crucia step in the
tranglation from theory to practice.

In the paragraphs that follow, the components of the LM process model are described. Then, in
Section 7, a set of specific LM requirements for smulation based training are expressed in terms
of those components and their interactions.

6.1 Planning Phase: Audience and Tasks

Effective training begins with a clear understanding of who the training audience is and the
training requirement, expressed in terms of mission-essential tasks. One source of task
definitions is the Universal Joint Task List (UJTL). The UJTL provides a detailed listing of
tasks, conditions, and standards that comprise the missions to be performed by a joint military
force. There are other useful sources as well, including National Military Strategy, Assigned
Missions, Commander’s Intent, Joint Doctrine - Joint Tactics, Techniques, and Procedures
(JTTP) and service component tactical task lists. The definition of the training audience and the
required tasks comprise the independent variable of the training event.

6.2 Planning Phase: Skills Inventory and Learning Objectives/
Competencies

Based upon the training audience and targeted tasks, the task-based learning objectives are
identified. These learning objectives represent the “deltas’ between the existing skills, as
represented in the skills inventory, and the mission-related task requirements.

Part of the discipline of an effective learning environment is the establishment of Measures of
Effectiveness (MOEs) and Measures of Performance (MOPs) for each learning objective. MOEs
are process measures, they emphasize those actions taken to reach a performance end state.
MOPs are outcome measures, they focus on the End State achieved. MOES provide data to
answer “was the decison made right?” while MOPs provide data to answer “was the right
decison made?’

Selected MOEs determine the data set to be collected and the associated AAR feedback
products. The data collection infrastructure and tools should provide an ability to identify trends
during the exercise, support the development of diagnostic performance feedback, devel opment
of external reference products and assess the extent to which learning objectives were achieved.
Data collection across multiple events for a specific learning objective enables one to assess how
well an individual or team performed on similar objectives over arange of conditions.
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6.3 Planning Phase: Event/Scenario

Once the learning objectives are identified, it is necessary to select or create “trigger events’ for
each learning objective and incorporate these into a scenario. This process reflects the guiding
principle that the training must be structured in a disciplined fashion, with a continuously applied
understanding of the specific learning objectives. The trigger events create specific opportunities
for the training audience to practice critica tasks and competencies in a contextual environment,
and to experience the consequences of their actions. Typicaly, a number of events are created
for each learning objective that vary in difficulty and occur at different points in an exercise.
This not only provides opportunities to reinforce behavior, but also increases the confidence in
the results.

Once the task requirements, learning objectives, trigger events, MOPs, MOEs, and data
collection strategies are known, they are amalgamated into a coherent scenario related as closely
as possible to the expected mission or operationa use of the training being undertaken.
Scenarios must permit the training audience to interact in redistic situations that will facilitate
transfer of learning from the training environment to the operational situation. Scenarios can use
a wide range of constructive, virtual, synthetic, and live resources. Regardless of the specific
resources used to create the training environment, the scenario must support the learning
objectives, enable the required events to be presented to the participants, and facilitate the
collection of data for feedback on the established MOPs, MOEs and other relevant facts and
data.

6.4 Execution Phase: Event/Scenario

After the scenario is generated and tested, it is used to create the synthetic battle space
environment for the training audience. This represents the transition from Planning to
Execution. Exercise management and control of exercise flow are critical aspects of this process.
Training participants must be permitted to make their own decisions (reflection-in-action) and to
handle the presented situation consistently with doctrine. At the same time, exercise managers
must ensure that opportunities are presented which are aligned with the exercise objectives.
Critical features of exercise management function include: tracking the occurrence of events and
collecting data during those events, ensuring that contingency plans are in place to maintain
exercise continuity if there is a failure or anomaly, and monitoring. If necessary, the exercise
management function alow adjusting scenario scripts to ensure the exercise unfolds in a way
that meets exercise objectives.

6.5 [Execution Phase: Performance Measurement/Data Collection

As the training audience performs within the contextual environment, data is collected to support
feedback. An important aspect of this function is the fusion of data, from multiple sources,
associated with a particular event and associated training audience actions. When an event
occurs, relevant ground truth, perceived truth, and performance data must be collected and time
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stamped. The resulting information can be documented, analyzed, and packaged to provide
critical feedback products.

6.6 Execution Phase: Performance Diagnosis

Performance diagnosis begins in the Execution Phase. Near-real-time assessments permit the
trainer/facilitator to monitor performance and ensure that learning objectives are being met. If
appropriate, various components of the situation can be adjusted as to difficulty, or new events
can be created to target specific skills. If appropriate, a training event can be truncated if it
becomes evident that continuation of the event would not be productive.
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6.7 Assessment Phase: Feedback/AAR

Through facilitated team AAR dialogue and use of feedback products, the training audience can
determine what happened, why it happened, and what they could have done to improve the
outcome. Feedback products enhance the ability of the team to relive the exercise and provide
external reference information that supports non-threatening changes in both individual and team
perceptions (learning). The after action review products integrate ground truth data with
perceived data and performance measurements. Feedback elements are based on the MOPs and
MOEs, which in turn are linked to the trigger events and learning objectives. This approach
provides an integrated structure and control to training that ensures internal consistency
throughout an exercise. Feedback must be timely and in a form that is relevant to the task at
hand and flexible enough to accommodate varied learning styles.

6.8 Assessment Phase: Archive Performance Data

Following the completion of the exercise, appropriate data is stored and archived in a manner
that supports the development of lessons learned. Data collected across exercises can facilitate
the development of normative databases that would indicate problem areas and may suggest new
instructional strategies.

6.9 Assessment Phase: Skills Inventory

Archived data includes a skills inventory database. The skills inventory is updated each time an
exercise is conducted. Updated skills inventories are then used in the planning of subsequent
exercises. The skills inventory thus represents the transition from one cycle to the next in the
LM process model and provides an updated baseline for follow-on exercise planning process.

7.  Specific LM Requirements

This section presents a set of specific LM requirements for a hypothetical ssmulation based
training system. The purpose of including such a list in this reference document is to provide
insights into the nature of LM related requirements and training simulation software components
might be affected by invoking them. This list does not constitute a specification of any specific
system, nor is it the result of an engineering analysis of requirements for any particular system.
It is an independent expression of those requirements that support the precepts of LM.
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Many of the listed requirements are self-explanatory. [Others are explained in brackets, in
italics.]

The first subsection below lists requirements not related to specific capabilities. Following that
are severa subsections listing capabilities that support LM, generally categorized with respect to
the LM process model components discussed in Section 6.

7.1

Requirements Not Related to Specific Capabilities

These requirements are expressed as general criteria that should be applied to any of the tasks or
capabilities described in the subsequent subsections. These requirements address a mix of
efficiency and effectiveness issues.

7.2

7.3

- Shorten clock time or calendar time to perform a function.

- Reduce labor hours to perform a function.

- Reduce skill level requirement to perform afunction.

- Reduce the incidence of errors.

- Generate recommendations in support of decisions and selections.

Requirements Related to Tasks

- Accept task definitions from authoritative sources. [The system should accept task

definitions from existing sources without requiring re-formatting or re-keying.|

- Let the trainer/facilitator modify task definitions.
- Link tasks to performance standards.
- Relate a new tasks to skills and standards. [The user should be able to create a new task

definition that is automatically to the existing skills inventory and performance
standards, based on the new task’s relationship to an existing task.]

- Represent tasks at different levels of aggregation. [The system should automatically link

a given task with the same or higher level tasks at higher organizational echelons.]

- Allow missions to be defined in terms of tasks. [The trainer/facilitator should have the

option of specifying training requirements in terms of missions, as well as individual
tasks.]

- Allow requirements to be defined in terms of either tasks or missions.
- Suggest and alow editing of task list for a specified mission and training audience.
- For specified mission and set of actors, provide a skills assessment. /Skill assessment is

the delta between proficiency required for the mission and skills presently held by the
training audience.]

- Automatically “decay” the skill assessment over time.

Requirements Related to Training Audience

- Allow the training audience to be specified as an individual, an organization, or a

collection of individuals and organizations.
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7.4

7.5

Requirements Related to Learning Objectives

- Report the skills inventory for the specified training audience as it relates to the specified

mission or task set.

- Recommend learning objectives based on mission or task requirements, training audience

and skills inventory.

Requirements Related to Events/Scenarios

- Recommend a sequence of training events leading to achievement of required

competencies.

- Sequentially aggregate up to highest specified echelon. [The sequence of training events

may progress logically up through higher levels of aggregation.]

- Incorporate repetition as required. [Consider the training audience’s learning capability

in setting the number and timing of repetitions.]

- Incorporate variation as required. [This includes variation for randomness, for

increasing difficulty, changing skill mixes within the training audience, and progression
from more to less structure training situations based on level of expertise.]

- Establish exit criteria for each training phase. /Not all learning objectives need to be met

in order to advance to a subsequent phase.]

- Recommend training system configuration.
- Allow prompted editing of training system configuration. [Prompts should suggest

potential conflicts between training system configuration and the intended training
audience, scenario, and/or data collection strategy.]

- Recommend and allow editing of the trainer/facilitator staffing and organization to

support a specified event.

- Recommend sequence of event preparation steps.
- Recommend building blocks (vignettes) for constructing each training event. [Vignettes

would be linked to specific learning objectives, and they would incorporate trigger
events.|

- Relate the mission requirements to a geographical area. /It should be possible to define

location-specific missions, or to overlay a selected mission on a specified location.]

- Relate the entity mix (live vs. simulated entities) to the specified learning objectives. /A4

particular scenario may be executed with different mixes of live and simulated entities,
depending upon who is being trained.]

- Build a coherent scenario from selected vignettes.
- Develop coherent sequences of scenarios. [Avoid overlapping benefits and duplication of

effort, thereby optimizing use of simulation resources.]

- Relate each scenario to organization echelon. [Link the same or similar scenarios used at

different levels of aggregation].

- Adjust model fidelity to fit the learning objectives, scenario and training audience.
- Recommend and allow editing of the scenario initial conditions.
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7.6

7.7

7.8

Requirements Related to Performance Measurement/Data Collection

- Set forth performance measurement (data collection) requirements for each scenario.
- Relate performance measurement (PM) requirements to learning objectives for specified

phase of training.

- Relate PM requirements to exit criteriafor specified phase of training.
- Relate PM requirements to organization echelon. /[Different data will be collected at

different levels of team aggregation.]

- Ensure scenario events and PM requirements are consistent.  [Highlight potential

conflicts between the scenario and apparent PM requirements. |

- Relate MOPs and MOEs to learning objectives.
- Relate MOPs and MOES to mission tasks.
- Relate MOPs and MOEs to overall mission effectiveness.

Requirements Related to Performance Diagnosis

- Base performance diagnosis on MOPs and MOEs.
- Report the effects of observed MOPs and MOEs on task and mission effectiveness.
- Extrapolate performance trends during the exercise to projected achievement of learning

objectives.

- Report if difficulty level appears too high or too low for all or part of the training

audience. [Recommend adjustments to the scenario if appropriate.]

- Assess and report on learning effectiveness of a given training event or sequence of

events. [Learning effectiveness criteria need to be defined.]

Requirements Related to Feedback/AAR

- Allow trainer/facilitator to customize AAR products.
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7.9 Requirements Related to Archive Performance Data

Anayze and report trends across successive events, with regard to specified set of

competencies and specified training audience.

- Allow retrieval, fusion and analysis of archived performance data by selected individual or
organization. [Data should be available for a selected organization, regardless of the
level of aggregation of the training event in which that organization participated.]

- Recommend type, timing, and echelon of a subsequent training event. /Recommend an
adjustment to a previously planned interval between events, if observed performance so
warrants. |

7.10 Requirements Related to Event Planning and Management

- Maintain schedule of planned events.

- Report scheduled events by member of training audience, organization, task, mission, date
or location.

- Report potentia conflicts in scheduling of training audience or training location.

8. Training Effectiveness Evaluation

One of the most critical components of the Learning Methodology is measures of effectiveness.
How do we evaluate whether the simulation is achieving its origina

objective: training? And how do we determine how well it is providing an effective learning
environment? The following provides a framework for applying this part of the processto large
scale training simulation systems and discusses the criticality of determining evaluation
procedures before the build stage begins.

8.1 Proposed Training Effectiveness Evaluation Framework
8.1.1 Overview

This section develops and describes a proposed training effectiveness evauation framework for
large scale simulation training systems. First, it explores the rationae for evauating training
systems such as a BFTT or a JSIMS. Second, it develops a framework based on that rationale.
Third, it presents the framework. Finally, it describes some of the tools that the training system
needs to include to support evaluation.*

! The DoD Office of the Inspector General (DoDIG) recently conducted an audit concerning the impact on
readiness of training simulators and devices (DoDIG, 1997). The audit focused particular attention on shortcomings
in evaluation of large-scale simulations. The Services have little experience evaluating these simulations and there
are no standard evaluation methods. The audit recommended that DoD establish policy and procedures for
evaluating the training effectiveness and cost-effectiveness of large-scale training simulations. In response, the DoD
committed to developing policy and guidelines for conducting cost-effectiveness analyses of large-scale training
simulations that allow analysts to select the best evaluation method under the circumstances, describe the procedures

28



8.1.2 Rationale

Why Evaluate? Evaluations are conducted for a number of different reasons; obvious ones are
to:

Satisfy milestone requirements

Assure that system performance standards are met

Demonstrate cost and training effectiveness

|dentify and correct developmental deficiencies

Identify and correct deficiencies in the management and use of training systems
Monitor competencies to support planning and execution of training events

ouArWNE

All of these are sound reasons to evaluate. From a purely training standpoint, however, the focus
shifts to reasons 2, 3, and 4: 2 and 3 because they show that the system works well and justifies
its cost in some relatively mature end state; 4, because evauations can help identify system
shortcomings that can be corrected during development.

8.1.3 Evaluation as TQM

As we tend to think of evaluations as one-shot events that provide definitive results, the least
obvious of these reasons to evaluate is 4. Evaluation conducted for this reason suggests that
evaluation (1) is not an event but a process, (2) is a technique for improving the system being
evaluated, and (3) may or may not provide definitive results. In other words, evauation can be
thought of as similar to Total Quality Management (TQM), wherein data pertaining to a process
are gathered and analyzed, the process is critiqued, and corrective actions are taken to improve
the process and where data pertaining to the revised process are gathered, analyzed, and so forth,
in an endless cycle.

8.2 Building an Evaluation Framework

In thinking about evaluation, it is useful to start by asking basic questions; e.g., how, what, and
when should | evaluate? These three questions take on more specific meanings in the context of
an actual evaluation:

How should | evaluate? (What evaluation methods should | use?)

What should | evaluate (What dependent variables should | measure?)

When should | evaluate (How should | conduct evaluation events in terms of time?)

8.2.1 How Should I Evaluate? (Methods)
Many different evaluation methods are available. The Defense Manpower Data Center (DMDC)
is currently compiling data on severa hundred military training system evaluations. Work to

for the various methods, and provide examples that may be used as models to emulate (Kaminski, P.G. [1997,
March 17], p. 6). Thiswork, currently in progress, forms the basis for the present section.
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date indicates that evaluations tend to use one of four main methods. experiment, opinion,
extrapolation, or analysis. (Different methods are often used in combination; e.g., experiment
and opinion.) Each of the methods can, in turn, be performed in severa different ways,
comprising a set of submethods (Table 1).

In smple terms, here is how the methods are applied:

Experiments empirically determine effectiveness based on objective data.

Opinion-based evaluations empirically determine effectiveness based on subjective data.
Extrapolation-based eval uations make predictions based on past experience or existing data.
Analytical evaluations compile data systematically and reach conclusons based on pre-
determined rules of evidence

Method Submethods
Experiment” Ex post facto
(50+% of cases) Pre-experiment
Quasi -experiment
Test
Transfer
True experiment
Opinion® Analysts
(30+% of cases) SMEs
Users
Extrapolation® Analogous system
(<10% of cases) Historical data
Model
Analysis’ Functional analysis
(<10% of cases) Survey
Task performance analysis

Table 1. Common Evaluation Methods and Submethods

Based on currently available data (Table 1), the most commonly used methods are experiment
(50+% of cases) and opinion (30+% of cases). Extrapolation and analytical evaluations are used
in fewer than 10% of cases each. Why do these relative numbers differ? Some possible reasons:

Acquisition regulations generally encourage experiments.

Among most evaluators and military decision makers, experiments have greater face validity
than other methods.

Opinion data are generally less difficult and costly to obtain than data from experiments and
SO tends to be used when experiments are not possible.

2 Submethods for this method are defined based on descriptionsin Campbell & Stanley (1966). These submethods
vary greatly in terms of the cost and difficulty of conducting them and in the authority of the conclusions based on
experimental outcomes. Unfortunately, this subject is beyond the scope of the present document. It will be covered
in detail in Simpson & Cohen (in preparation).

3 Submethods are defined in terms of the group whose opinion is gathered: analysts, SMEs, or users.

* Submethods are defined in terms of what data and/or schema are used as the basis for extrapolation: an analogous
system (e.g., predecessor to current system), historical data, or mathematical model.

® Submethods are defined in terms of what type of data are gathered to drive the analysis; e.g., from system
functions, a survey, or task performance.
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Note that, to use either of these methods (experiment or opinion), the training system must exist
and be functional. On the other hand, extrapolation and analysis can be performed without a
functional training system. Extrapolation and analysis tend to be used in two main cases:

The system isinsufficiently developed to conduct an experiment or gather opinion data.
Evaluation resources are limited.

8.2.2 What Should I Evaluate? (Dependent Variables)

Many different dependent variables have been used in evaluating large-scale smulations. To
date, no set of variables has gained universal acceptance. Thus, it is necessary to start from
basics.

Kirkpatrick (1976) recommends that training programs® be evaluated at four levels: reaction,
learning, behavior, and results. Data gathered at each of these levels answer different questions
about the effect of the training program on its students:

Reaction - How well did students /ike the program?

Learning - What did students /earn while participating in the program?

Behavior - How did job behavior change after the program?

Results - What were the tangible results after the program in terms of reduced cost, improved
quality, improved quantity, etc.?

Note that (1) reaction and learning data are gathered during training and (2) behavior and results
are gathered after training. Typical ways to gather data for each of these levels would be
reaction (post-course questionnaire), learning (in-course tests), behavior (post-course supervisor
performance evaluations), results (post-course productivity/quality of the student’s work center).

Some authors familiar with large-scale smulations have made specific recommendations
concerning dependent measures to use. Hiller (in press) recommends that evaluators focus on
(1) task and mission performance outcomes, (2) processes, and (3) a user evaluation. Bell,
Dwyer, Love, Mdliza, Mirabella, & Moses (1997) recommend that evaluators measure both
system processes [such as interactions among team members] and combat outcomes.” Garlinger
& Fallesen (1988) recommend that evaluators focus on (1) user acceptance, (2) processes, and
(3) achievement of system goals. Alluisi (1991) makes the case that post-training readiness is a
relevant dependent measure.®

® A large-scale training simulation is not a training program, although the two have much in common.

" The focus on team processes is an important difference between evaluating the typical training program and a
large-scale simulation. Generally, training programs deal with individual training and performance while a large-
scale simulation deals with the additional factor of team and/or collective training and performance.

8 Alluisi made this case regarding the evaluation of SIMNET: “For SIMNET to be viewed by the Army as
successful--that is, as an effective training system that is worth the expenditure of funds for additional procurement--
the Army will have to be convinced that it will make a difference in readiness.”
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The consensus of these experts is that evaluators should use a combination of opinion, process,
outcome, and product measures. These suggestions extend Kirkpatrick’s list by adding two
variables to measure during training (team  processes, mission performance
outcomes/achievement of system goals). Alluis’s readiness variable fits into Kirkpatrick’s post-
training results category; by extension, this category might be extended to include other logical
post-training mission-related outcomes; e.g., performance in combat.

Taking into account the foregoing, here is a consolidated list of dependent measures that
combines Kirkpatrick and the large-scale simulation experts:

Reaction - How well did students /ike the simulator?

Learning - What did students /earn in the smulator?

Processes - How well did teams (and other collectives) perform in the s mulator?

Outcomes - What were the tangible results (Simulated combat outcomes: exchange ratio, %
losses by force, shotg/kill, etc.) during training?

Behavior - How did individual and team job behavior change after training?

Results - What were the tangible results after training (readiness, field exercise performance,
combat outcomes)

pPOODNDPE

o o

This scheme uses six different variables. Note that:

The first four (Reaction, Learning, Processes, Outcomes) are obtained in the smulator. The
last two (Behavior, Results) are obtained post-training.

Variables 3 and 5, and 4 and 6 are analogous pairs; the first number reflects performance
during training and the second post-training.”

8.2.3 When Should I Evaluate? (Timing)

Noted earlier: We tend to think of evaluations as one-shot events that provide definitive results.
This may make sense when evauating smple things that aready exist (e.g., an inexpensive
training method or medium). It does not make sense when evaluating complex and expensive
training smulators such as JSIMS that undergo years of development before becoming
operational.

Table 2 summarizes the timing of evaluation events. Evaluation occurs in four phases,
represented by the four right-most columns: 1. Prospective, I1. Developmental, I11. Milestone, and
1V. Follow-on. The far-left column indicates what entries appear in the cells. When (timing of
events), Purpose (why evaluation event is conducted), and How (the evaluation method
employed).

Evaluation is a lengthy process that should start before the system exists. Some purposes of
evaluation at this phase are:

® In conducting military training, an implicit assumption is that performance during training will affect job
performance, which in turn will affect combat readiness, which in turn will affect combat performance (Solomon,
1986). In other words, it is expected that old learning (e.g., on simulator) will affect performance in a new situation
(e.g., incombat). Thisisthe definition of transfer of training. The two sets of variables just described provide a
mechanism for measuring transfer.
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Estimate perceived need for and training potential of system
Define/refine training content
Assure adequate learning environment

These questions can be addressed using anaytica and opinion-based andyses; it may be
possible to use extrapolation.

Later, during system development, hardware and software capabilities will be built, in stages,
and it will become possible to evaluate these fledgling capabilities. Some purposes of evauation
at this phase are:

Demonstrate training effectiveness of functioning subsystems
Assess/refine design
Estimate user acceptance

These questions can be addressed based on opinion (user acceptance) and simple experiments
(functionality tests, user in-device learning experiments).
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Table 2. Proposed Evaluation Framework
Ilustrating Purpose and Evaluation Methods by Evaluation Phase

DESCRIP- EVALUATION PHASE
TION
I. Prospective I1. Developmental I11. Milestone IV. Follow-on
When Before  system | During system | At major | After system becomes
exists development developmental operational
milestones  (builds,
I0C, FOC)
Purpose Estimate Demonstrate training Demonstrate Estimate transfer of
perceived need | effectiveness of | training effectiveness | training
for and training | functioning subsystems of total system Determine  effects
potential of Assess/refine design Assess/refine of training on readiness,
System Estimate user | design use of resources, &
Define/refine | acceptance Determine user | overal performance
training content acceptance
Assure
adequate learning
environment
How Analysis Opinion (user) Opinion (user) Opinion (user)
(functional Experiment (pre-) Experiment Experiment (ex post
analysis) Experiment (test) (quasi-) facto)
Analysis Experiment (quasi-)
(survey)
Opinion (SMEs)

As development proceeds, certain milestones will be reached during which relatively mature
system capabilities are expected to be demonstrated. At these points, and at the end of
development, purposes of evaluation are:

Demonstrate training effectiveness of total system
Assesgrefine design
Determine user acceptance

These questions can be addressed based on opinion (user acceptance) and quasi-experiments-
(individual and team learning and simulated combat outcomes).

After the system becomes operational, it is possible to accrue data to ask questions that could not
be addressed during development. Some purposes of evaluation at this phase are:

Estimate transfer of training
Determine effects of training on readiness, use of resources, & overall performance

These guestions can be addressed based on opinion and ex post facto experiments to estimate
effects of training on readiness and transfer to operational setting.

19 Trye experiments (involving separate experimental and control groups) are not an option when evaluating a
system such as JSIMS , as there is no non-JSIM S experimental condition to use as a control.

34



When is evaluation complete? Proponents of TQM would argue that evaluation is never over, as
the system can always undergo further refinement. A more redlistic answer is that evauation
ends when the body of accumulated evidence persuades decison makers that the system is
successfully met its goals in terms of training, cost reduction, supporting combat readiness, etc.

8.3 Evaluation Framework

8.3.1 Evaluation Principles
Following are the principles upon which the evaluation framework is based:

Evaluation is a process, not an event

Evaluate (1) longitudinally (acrosstime) and (2) vertically (across measures)

Attempt to influence design & development

Obtain the best data that you can, based on (1) state of development and (2) resources
Assure that data are relevant (reflect the variable of interest), valid, and reliable.
Develop human learning curves

Measure for transfer of training

Combining these principles with the how, what, and when of evaluation already described leads
to the evaluation framework shown in Table 3.

Table 3 summarizes the timing of evaluation events in terms of the evaluation measures and
methods used during each evaluation phase. The four phases of evaluation are presented in the
four right-most columns: 1. Prospective, II. Developmental, 1II. Milestone, and IV. Follow-on.
The far-left column indicates what type of evaluation measure is used. Entries in the cells
indicate what evaluation method is used to obtain each type of measure.

Note that many cells are empty (entry is N/A). This means that no data for the measure are
collected for that particular phase because it is impossible to collect such data. For example, the
cell represented by column 1. Prospective and row Results is empty because this kind of data
cannot be collected until an operational system exists and can be tested.

The methods indicated in the cells are used to obtain the type of measure listed in the Measure

column. For example, the cell represented by column . Developmental and row Learning
contains the word “experiment,” indicating that experiment is used to collect Learning data.
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Table 3. Proposed Evaluation Framework
Ilustrating Measures and Evaluation Methods by Evaluation Phase

MEASURES EVALUATION PHASE
I. Prospective I1. Developmental I11. Milestone IV. Follow-on
Reaction Opinion (SME): | Opinion (user): Opinion (user): N/A
Training Value for training Value for training
potential Realism Realism
Perceived Preferences for Preferences for
need for system | alternative design | alternative design
features features
User suggestions User suggestions
Learning Analysis. Experiment: Experiment: N/A
Adegquacy Effects of Individual learning
of individual | aternative design | on total system
task lists features on individual Shape of individua
Opinion learning (subsystem | learning curve on tota
(SME): level) system
Adequacy Individual learning
of learning | on subsystems
environment Shape of individual
learning  curve  on
subsystems
Processes Analysis: Experiment: Experiment: N/A
Adequacy Team learning on Team learning on
of collective | subsystems total system
task lists - Shape of team Shape of team
learning  curve  on | learning curve on total
subsystems system
Outcomes N/A N/A Experiment: N/A
Simulated  combat
outcomes
Behavior N/A N/A Opinion (users): Opinion (users):
Predicted effects of Estimated effects
training on future job | of prior training on
performance current job
performance
Results N/A N/A Opinion (users): Experiment (ex post
Effects of training | facto):
on readiness Effects of
Transfer to | training on readiness
operational setting Effects on field
Potential exercise performance
OPTEMPO tradeoff Actua
OPTEMPO tradeoff

The methods that can be used vary with evaluation phase, depending upon how far the system
has developed. In Phase I, the system does not yet exist and evaluation relies entirely upon
opinion and anaysis.

During Phase 11, opinion data can be obtained regarding user perceptions and design preferences.
In addition, subsystem level capabilities become available and some experimentation can occur.
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During Phase 11, more opinion data can be obtained regarding user perceptions and design
preferences. System level capabilities become available and further experimentation is possible-
-extending now to Outcome measures. At this level of system development, it is reasonable to
ask users to predict the effects of training on future job performance (Behavior measure) and
estimate the effects of training on Results (readiness, transfer to the operational setting, and
OPTEMPO tradeoff).

During Phase IV, evaluation focuses on events occurring during operational usage of the system
following the Phase |11 evaluation. Users estimate the effects of training on their job performance
(Behavior measure). EX post facto experiments using archival data are conducted to estimate
the effects of training on Results (readiness, transfer to the operational setting, and OPTEMPO
tradeoff). Compare these two cells with comparable cells for Phase [11.

8.4 Tools Needed to Support Evaluation

Evauation events that rely on opinion, analysis, and extrapolation will usually be based on paper
and pencil data collection instruments, protocols, etc., and are not expected to generate any
gpecia requirementsin terms of system design.

Experiments conducted during Phases Il and [l will be based upon a variety of measures
reflecting Learning, Processes, Outcomes, and Results. Some of these measures may be
collected by assigned evauators and/or observer/controllers (O/C). However, to facilitate
efficient evaluation, it is necessary to provide a semi-automated evaluation data collection,
storage, retrieval, and display capability. Tools need to be designed and developed to support
these requirements.

The exact nature of this capability is not being defined here; rather, this is to identify a
problem that needs to be addressed during system development--and sooner rather than
later.

Tools are needed to support:
- Interface with O/C tools
On-the-fly data acquisition
Short, medium, and long-term data storage
Retrieval & display for evaluation purposes
Archival storage

The archival storage capability is particularly important in evaluating large-scale simul ations because of the need to
accumulate and integrate data over the long term to separate effects of training from confounding variables
(Leibrecht, 1996; Boldovici & Bessemer 1994).
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9. Conclusion

Simulation systems have rapidly become a critical part of the Department of Defense's overal
readiness and training program within each service and a a Joint level. As the training paradigm
has shifted from classroom to distributed technologies, the approaches for development and
evaluation of the training components have been required to change as well. From instructor
focused to technology focused we have moved beyond even the contributions of instructional
system design. Learning Methodology provides the new paradigm shift to developing an
effective learning environment through a systematic process which sees learning experts working
in tandem with technical programmers and systems designers.

ISD, exceptional instructors, and subject matter experts are still needed in the overal training
programs; but we are likely to see new job definitions that are a blend of skills from a variety of
areas of expertise. As has been stated in this document, the Facilitator is critical to the success of
the team learning process Further, the emergence of “learning engineers’ is on the horizon.
Those individuals who have service expertise but are trained to function as both liaisons among
the various groups involved in building, using, and evauating smulation systems and as the
person responsible for ensuring an effective learning environment in their area of responsibility.
The identification and development of these personnel will be critical as we introduce new large
scale systems such as JSIMS and as we begin to re-engineer or refresh extant simulation systems
such as BFTT to provide more accurate and effective training for today’s broad and dynamic
military requirements. Learning Methodology provides the framework that will move us to the
new training paradigm required to build the most effective technical systems and to train with the
greatest efficiencies. It is a new age for training—we know what technologies can do and we
know that information is important; the question now becomes iow to select and build the most
efficient training systems—those that can provide a multitude of scenarios, identify quickest
routes to information needed for the mission, and provide the maximum level of retention for the
shortest amount of time and money.
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GLOSSARY

Behavioral psychology: the study of overt human behaviors, emphasis is based on the belief that
by studying the relationship between environmental events and behavior would lead to an
understanding of why humans do what they do without references to their mental processes.
Behaviorists (often called S-R psychologists) view environmental factors in terms of stimuli and
resultant behavior in terms of responses.

Cognitive psychology: the study of mental process and of changesin an individual’s knowledge
that result from experience with a stimulus environment. Cognitivists delve into the internal
processes by which an individual deals with the complexity of his environment. They aso try to
define the resulting cognitive structures that he constructs in his mind: the ways in which he
perceives and conceptualizes his physica and socia world. An important assumption of
cognitive theory is that an individual’s behavior is always based on cognition, the act of knowing
about the situation in which behavior occurs.

Competency: suitable or sufficient skill or skill level, knowledge, or experience

to perform atask. A specific job may require multiple competencies. Or a corporation may have
several competencies, i.e. several business bases at which they are equally successfully
competitive.

Constructive psychology: based on the belief that learning is a self-assembly process

Discovery learning: the learner organizes into final form the material to be learned.

Discovery learning is like wrapping your own package, reception learning (or didactic teaching)
is like having someone open it for you. Jerome Bruner receives primary credit for encouraging
discovery learning, whose advantages are: increment in intellectual potency; emphasis placed on
intrinsic rather than extrinsic rewards; students masters the methods of “how” to discover;
student is more likely to remember information.

Education: the act or process of imparting or acquiring general knowledge and of developing
powers or reasoning and judgment.

Evaluation: \While measurement only identifies amount, evaluation lays amounts against criteria
so that we may make value judgments about the observed amounts.

Knowledge: acquaintance with facts and truths or principles and familiarity with a particular
subject or branch of learning; gained through study, sight, and/or experience.

Learning: knowledge acquired by systematic study.

Learning Methodology. a systematic process for creating an efficient and effective learning
environment which enables a training audience to develop the competencies necessary to
perform their required tasks.

Measurement. the process of using numbers to describe quantity, quality, or frequency
according to a set of rules.
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Skill: ability to do something well through, talent, training, or practice; learned performance
required to complete a task

Task: a logica and necessary step in the performance of a duty—usualy a fairly long and
complex procedure.

Task analysis: identification of the behaviora characteristics of ajob requirement

Test. a systematic procedure for comparing the performance of an individua with a designated
standard of performance.

Training: the act of making someone proficient by instruction and practice
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