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ABSTRACT

Effective training devices are those that meet training reguirements at minimum cost,

or provide the maximum training benefit for a given cost, “The
Simulation-Based fTraining Systems (OSBATS)
the investigation of tradeoffs invelved in developing effective
The medel is based on benefit and cost approximations that are used to
tradecffs between various training device features in developing 'a device ~
and then conducts similar tradeoffs between different tralning devige
The development of OSBATS has been more theoretical than the typical_
gyetem or aid, but shares many of the attributes of the standaxd
The tools or modules that comprise the model address the
clustaring of tasks for developing
the identification of optimal instructional features for a task

concepts.
analyze
configuration;
configurations.
decision support
decigion aid.--
activities: a) the
configurations, b)

optimization of

is a model that is designed to facilitate

training device

following
coherent training devize

cluster, <) the specification of optimal fidelity levels for a task clustexr, 4) the
selection of the minimur training device family that meets training requirements, and
@) the allocation of training resources in the family of suggested training devices.

The final output of the OSBATS model is a fupctional description of the optimal. set -
the

of efficient training devices given
constraints, '

INTRODUCTION

The development of training systems is
a complex undertaking that oses behavioral
principles of learning to convey specific
content-demain skills and knowledges,
Trajining systems often incorporate training
devices that are as complex as (and
sometimes more complex than) the actual
egquipment that they are designed to_ provide
instruction. about. A fair amount is known
about how training systems should he
designed and implemented, and what the
varied tradeoffs actually mean in texms of
performance, training effectiveness, and
overall cost. Within that large complexity
is the Psmaller"™ problem of designipng a
training system strategy based on training
davices. Although there is considerable
amount of data about specific training
devices as used within specific . training
systems, there is no organized body of
information necessary to build effective

- training device based systems or sSegments

(5}. As a result, the design of effective
training devices is an effort that .is
fraught with imperfect data, opinion-based
design rules, and an increasingly large
number of choices in the large array. of_

_of tradeoffs

tasks, training criteria, and cost

technologies that c¢an be used to

> address
any single training problem. ” o

Training Devices

formulation is to propose a training device
that meets training requirements at minimum
cost, or provides the maximum training
penefit £or a given cost. This fits the
spirit of Hall's definition (4)  of
optimization - "securing_  the best £it
between the system and its environment"
{p.73}). The approach to training device
concept formulation that has always been.
used in the past 1is te rely on  the
experience and knowledge of engineering and
education professionals.
in no way approximated coptimization.

One major problem area for training -

developers is ~ the range of
reqguired for the large number
that must be made in order to
effective

device
information

arrive atf a ¢copcept  for an
training device.

requiring a training device solation must
be analysed in order to understand ‘and
explicitly state the | training device

configuration reguired to meet the ~task
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The goal of training device -concepfi

This process. has

Any tasks identified as
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training goals. This reguires that the
to-be-learned aspects of the task eguipment
and environment be identified, the
technological options for simulating- the
necessary aspects of the equipment and its

eavironment must be known, and the cost of .

using the technoelogy in this particular way

be known. The reliability and
maintainability of the training device as
conceived, the effectiveness of the

training device in teaching the reguisite
skills and knowledges, and how the training
device will or should be used are all prime
concerns of the training device developer
during this process,

3 problem with this detailed approach
is that when new technology, or
improvements arise, the experts ¢ must
egtimate it's effectiveness and attempt to
apply the technology appropriately.
Individuals invelved in training device
design are seldom exposed to reliable
information about how that applied
technology actually works in the training
gystem. The process of developing training
devices would thus be improved if there
were some way for designers to .acecesg and
use training device and system evaluations,
regearch experiments, and the combined
experience of school professionals.

Design Aiding

The U.S. Army Research Institute for
the Behavioral . and Social Sciences and the
Project ' Manager for Training Devices have
embarked on a research and development
program that addresses
training device design. This program is an
attempt to organize the large body of
training technology and learning theory
currently available, and develop an
implementable model for aiding training
developers in evaluating training devige
altenatives. The initial effort has been
in the development of a model that provides
tools for doing tradeoff  analyses of
training device configuration concepts,
The prime contractor in this effort has
Resources - - Research
Organization: (HumRRO). Together we have
developed a model named the Optimization of
Simulation-Based Training Systems (0OSBATS).
The OSBATS system is computer based and is
structurad to use databases and rule-based

procedures  interactively during the
training device - - concept development
process, Given the users choice of

constraints and - assumptions, different
users may develep different solutions for
the same problem, but the differences will
be based in design rationales and have a
gupporting audit trail automatically
provided.

The OS$BATS tools are designed to aid
the developer in providing an answer to the

. question “"how much simulation is enough?®

The tcols have been developed by taking an
innovative, theoretically based, top-down
analytical approach. Army tasks were
selected as a basis for analysis, since
that infoxmation was more readily
available. Fuature efforts will focus on
detailing the data at the skill . and
knowledge level, so that model information

the problem of

z7

--explain our. approach.

will be more robust in application. The
central guestion ‘is need for simulation
{ie. €idelity) versus the cost of
providing the appropriate . 1levels of
gimulation, hence the central wmodule is a
tool for Fidelity Optimization. Training
effectiveness 1s also influenced by the
instructiconal  basis, and instructional
features also have a significant effect on

_the cost of the training device, which led

to the inclusion of an Instructional
Features tool. The fidelity and
instructional . features modules approaches
work best when the tasks form a coherent
cluster of simulation needs, This led us
to a Simulation confxguratlon togl, which
clusters tasks in terms of simyglation
reguirements and fidelity based cost
estimates.,

The proklem of  coherent  training
device design has another major fackor,
separate from 1nstruct10na1 considerations. -
The cost of . developing and us;ng the
training device must be considered in order
to be efficient in training. Cost. 18
driven by the time required to train, each
task on the training device. The concept
formulation process must ensure that the
minimum family of devices for the tasks are
developed, and the Training Device

Selection tool serves this purpose. Time
in tralning programs is also limited, -and
constraints are imposed by student flow.
These factors and the training plan: help
determine the numbers of training devices
required, which in turn effects training
program resources. The Resource Bliocation

tool estimates the numbeT of devices needed
- to meet requirements, working to derive the

optimal family of training devices for the
tasks, = training resources, and student
flow.

- - A few more details about what we mean
by optimization are necessary to further
In terms of training
devices, an optimal choice is one that
returns the most for the Ileast, meaning
devices that produce the greatest_gain in
student skill and knowledge for. the time in
t;a1n1ag, the investment expense, and the
operating cost. The identification and
prediction of . gains in skilis and
knowledges is not a trivial data collection
problem. The gain or benefit can be an
increase in the amount learned, an increase
in proficiency, or a decrease in the time
required to learn a set. amount - of
information or reach a set 1level  of
proficiency., The realm. .of resources

presents anothexr hard - data problem in

attempting -to optimize training devices.
We are attempting to cover the greatest

part of these resource areas by including
all development, maintenance and overhead

.cost into one measure. The number ~of

students, number of devices reguired, and
minimal family of +training devices for
:ra1n1ng the task sgt are also considered,
but separately from cost.



DECISION SUPPORT

The OSBATE is a decision support
system or decision aid that should increase
the timeliness, amount, and guality of
information available for Army decision
makers during the training device concept
formulation process.  As Sprague and Watson
(3) have poioted out, all decision support
systems are composed of three basic parts
or subsystems: the data that the system
uses,- the user interface, and the decision
models that ‘use the data  to recommend
decisions, The three subsystems for OSBATS
are briefly: discussed in the next few
paragraphs.

User Interface

The user interface is a eritical part
of any decision aid, and serves as the
basis for user understanding and confidence
in system precesses and recommendations.
The OSBATS model is meant for use by
engineering and educational professionals
involved in training = device concept
formulation efforts at the office of the
Prcoject Manager £or Tralning Devices (PM
TRADE) . Obviously the more naive a user is
the simpler the interface must be. Also,
the more a user knows about the process,
the more Jjustification for recommendations
are needed, along with shortcuts for

situations where the user is satisfied with

the system. Usergs are alsoc considerably
interested in being able to manipulate the
system, to _ explore different problem

options. The (OSBATS system attempts to

deal with a wide range of users through the.

use of graphs and tables to present results
of the - tradeoff analyses performed and the
information used in making the analyses.
This provides  the user with different ways
of viewing the results. The user inspects
and modifies the information by wusing .a
mouse activated set of commands and
selections. The results are - insgpected
along with the data and reasoning used in
the analyses by usiag the same interface.
The system is also being modified in order

to produce output data files or simple
printed reports of the results of the
analyses.
Database

The data - subsystem regquired - for
decision aids usualliy consists of a
database of information;  procedures for
collecting, organizing, and entering the

and an inquiry or retrieval system
for accessing the data. There - are two
ongoing contractual efforts. involved in
developing variocus aspects of the required
data gubsystem (2, 3). The goals of these
efforts are to detail the internal data and
rules required for the models; to describe
the input data reguired for users “to
initiate work with the models; to identify
or develop methods for collecting,

data;

converting and/or transforming the data to
model usable formats; and to define the
necessary framework: for oxganizing the
varied rules and data required by the

optimization efforts,
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‘a simplified

As indicated above,
types of data required to  support the
functioning of the model tools. The first
type of data, called resident or internal

data,  covers -the unchanging or slowly
changing information and relational rules
invelved in the generaticn of options,

tradecffs, and configurations. The second
type of data reguired by the models is
situationally specific data, the data used

to initiate execution. of the models.

The «resident or internal data cover
general task characteristic based rules for
fidelity options, types of instructional
features, fidelity and instructional
feature cost egtimates, learning
parameters, .and so forth. These data and
rules will be developed through analytical
‘evaluations and data collection efforts,
including experiments -designed to verify
certain assumptions and the ' hypothesized
relationships within the model.  The
resident data include rules _about the
relationships between the resident data
values and the input data. These resident
data will be available to the OSBATS system
through a modifiable data base system,

The situationally specific or
data are used to initiate execution of the
models. These data include desc¢riptions of
the tasks to be taught, the - task
performance criteria to be met by the
training, the current training
and operating cost projections, the type of
instructional approach, number of students,
nunber of instructors, time for training
each task, etc. These data = should comé
from the analysis of training requirements
conducted during the development: of the
program of instruction, .

input

“The d&ata
underway is

collection work currently
focused on the resident data
and includes detailing the data reguired
for the models, planning for and acgquiring
the rotary wing operations task data, and
developing a prototype database system for
the resident data. It should be made clear

that the resident data are related to the
input data in terms of the descriptive task
variables used, such as standards,
conditions, equipment, cognitive and

paychomotor classifications, criticality of
performance, ete. These data must be
acguired from many sources. The resident
database uses these variables within rules
that specify applicable fidelity
dimensions, fidelity )
instructional . features for specific tasks.
These rules must have explicitly defined
task variables in order to be structured
‘for general use across tasks. For example,
k fidelity rule about how much
platform motlon to ineclude (a fidelity
output variable) might require information
about the entry level proficiency of the
student and the degree to which kinesthetic
motion cues are used in guiding task
performance’ (two variables and associated
values), This forms the basis of the
internal structure of the resident rule,
and directly  specifies the types of
varjables and values to be collected for an
analysis session, In this way the internal

there are two.

investment -

levels, and



resident data structure must be linked *to

the structure of the input data. The
system would not be able to make a .
.recommendation - on the degree of motion

unless the required input data for the rule
were provided.

Az discussed the deomain of
training device desiygn requires
information about applied technology and
the implications for training systems.
Hence the resjident decision rules and
models come from varied sources, including
peychological . experiments and theory,
trainiag system evaluations and
validations, and subject matter expert
opinion. The primary problem in this
approach is the develcopment of a reasonable

above,

framework, in addition t¢ the expense . and
time required in organizing explicit
information into a usable format. With the

-approach we have described here, we beljeve

that a workable framework has been
developed.
Models

The central tools within OSBATS  are

that focus on specific instructional
features and specific levels on identified
dimensions of fidelity.  The goal of the
system is to prescribe a training device
configquration that has the greatest benefit
for the projected c¢ost. The benefits are
either experimentally based with reference
to transfer of training or are estimated by
experts, The costs used include the
investment and - operating cost of the
training device over it's life cyecle. As
introduced. above, the model consists of
five conceptual tools: :

those

1) Simulation Configuration Module - a tool
that develops clusters of tasks sorted into
the categories of part-mission training
devices, simulators, and actual equipment.

2) Instructional Feature Selection Module -
a tool that analyses the instructional
features- needed for a set of tasks and
specifies the optimal order for user
selection of instructional features.

3) Fidelity oOptimization -~ a tool that
analyses the set of fidelity dimensions and
levels, then provides the optimal order for
inclusion of fidelity dimensions and levels
given the task set.

4) Training.Device Selection - a tool that
aids in determining the most efficient
family of training devices for the entire
task group, given the training device
fidelity- and instructional feature
ceonfigurations developed,

5) Resgource Allocation - a tool that aids
in determining the optimal allocation of
training time and number of training
devices needed in the family of training
devices recommended.

The O0SBATS model was developed as a
framework that allows the addition and
insertion of new models for different

aspects of the concept formulation process,

reliable-
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Bach of the £five —areas was identified
through the analysis of the theoretical
basis of the training device concept
formulation process, Each of these modules
is based on empirical information,
assumptions, and hypothesized
relationships. Each of the modules uses
training system and task data to present
options, tradeoffs, T and recommended
configurations to the users.

Fidelity in Simulation. The Fidelity
Optimization module currently reguires
input data about the cue and response

requirements of each task in the task set,
in order to match those requirements to the
appropriate fidelity dimensions. _This
supports the analysis of the highest cost
drivers 1in- the development of a +training
device, by selecting only the specific

dimensions that are needed. The module
then uses the cue and response information
to select the optimal family of dimensions
and levels based on the tradeoff between
the benefit to . training provided by each
level and the cost of developing that level
of fidelity. The model will evolve to
include other cost aspects
maipntenance and life cyele operating costs.

The model functions by first
caleulating the benefit to cost ratie for
each level in each dimension, then using a
selection process to arrive at the wmost
effective combination of f£idelity dimension
levels. There are two ways for the user to
specify what is the "most effective"
combination. One way is to detexmine -the
level of funding avallable for the training
device; the model then identifies the most
beneficial dimensions and levels for the
task set at that level of funding. Another
way is to specify the benefit (which
represents . training effectiveness) desired
in training the task set, and let &the
module = select the fidelity dimensions and
levels needed to reach that degree of
benefit.

The fidelity module provides several
methods. that enable the user to conduct
"what 1f" analyses. One method ig to
restructure the task set by changing the
tasks that axe included for analysis. The
uger can eliminate a task that is driving a
high level of fidelity along_ one or “more

dimensions, pessibly arriving at a
configuration that meets all of the
fidelity requirements for the reduced task

set for the projected available dollars.
Thiz recommendation would serve as a basis
for discussions with the school about the

need for more money to train particular
tagks, or the need for restructuring the
way the tasks are trained at the school.

Another method for analysis is provided by
teducing the levels within any fidelity
dimension. This feature allows the user to
force a higher level of some fidelity
dimension at the start, or preclude a level
from consideration. Finally, the uger can
use the feature +to eliminate a fidelitry
dimension entirely. This allows the user
to study what levels of benefit might be
achieved £for the same money on the other
dimensions required foxr theé tasks.

such @ as_
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Instructional Feature Selecticn. The
Instructional - Feature Selection Module ig
used to select features that will improve
the efficiency of training on the proposed
training device. The module uses input
data such as task training requirements and
projected costs for task training on actual
equipment. The module also uses internally
resident c¢ost data and applicability rules
to select the features relevant to the task
set, assign costs and calculate the benefit
values for the each task and feature match.
The benefit values are summed across all of
the tasks to which they apply to arrive at
a total feature benefit value. The benefit
and cost are then combined as a ratio that
provides a weasure of how much _increaged
efficiency .can be: acquired for the dollars
spent. This ratio 1s used to order the
instructional features along a curve. hs
with the fidelity module the selection
methoed allows the user to choose the most
beneficial instructional featares. for a
constrained dollar amount, or to select a
sett of instructional features that provide
the greatest proportion of benefit for the
task set at the lowest cost.

The user c¢an also.-conduct "what if"
studies using the same functions -as are
available in the fidelity module. The user
can restructure the task list. ubnder
consideration by including or -excluding
tasks that reguire multiple instructional
features or single, expensive instructional
features. The user can also eliminate
instructional . features from consideration,
which could change the ordering of
suggested features. Finally, the user can
force one or more instructional features to
be automatically included in the package,
which might show decreases in the
optimality of the constrained instructicnal
feature order,

FUTURE PROGRESS

The pre-prototype tools or modules
have been individually developed and
evaluated for their .user . interface .and
theoretical foundations during the winter
and spring aof 1987. The integrated
prototype system has been delivered for
evaluation of the complete model, and will
be revigsed to increase flexibility and
broaden applicability during the next year.

The major problem in this detailed
appreoach to instructional features and
fidelity is that there is very little or no
available experimentally based information
in the literature that has focused
explicitly on the interaction of task types
and fidelity (1). Some ARI theoretical
efforts in the past have focused on the
identification and . characterization of
training - system .  and training__device
variables (5, 6, 8), but the amount  of
correctly structured -information is
limited, on the basis of this earlier
thecretical work and | a - concept

demonstration (8, 6), it does seem possible

to structure empirical knowledge about the
characteristics and instructional features
of training devices in production rule
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formats. This requires careful analysis of
the gross level training device evaluation
reports that are available, in conjunction
with the better research (e.g. 7}.

The next version of the 08BATS  model
will borrow £rom expert system technology
in order %o incorporate  processes that
infer the reguirements for instructional
fedtures and fidelity specifications from

-more basic. information ahout. the tasks

being counsidered, The inference process
will be implemented through a commercial
authoring tool that supports a production
rule architecture, The output of the
production system will provide the input
parameters required by the. analytical
porticon of the OSBATS model. The higher
level analytical  routines . and user
interface functions will be retained from
the current version of OSBATS. The dext
version of OSBATS will also contain direct
connections %o the - dommercial database
being prototyped in the Database
Development (3) and pata Collaction (2)
contracts. '

The use of an expert system authoring
tocl and producticon~rule- approach should
allow  for the collection of more accurate
data without increasing the workload of the
subject-matter experts who must provide
many of the judgments required by the
model. In addition it provides a framework
for encoding what 1is  known - from  “the
research literature., Finally, the format
will allow £or incremental growth of the
model, accommodating future empirical and

. fundamental research,

Beacause the domain specific
information used by DSBATS (e.g. fidelity
dimensions and lavels, -
features) is represented in simple
knowledge base files, new domains can be
incorporated intoe the system  without
changing the functioning of the model,
This will allow us to expand the protoiype
QSBATS from the current rotary-wing
operations domain to other domains {(for
example, armored wvehicle . operations or
electronic maintenance domairns). It will
also allow the incorporation of new modules
(such an the instructor  operator

considerations module now under conceptudl’

development) . We are currently planning
for the extension into another domain, and
will be testing the practicality of the
appreoach during FY 1983, ’

GENERALIZATIONS AND IMPLICATIONS

OSBATS " is a theoretically based model
that trades off the projected benefit of
discrete features relevant to specific
tasks against the cost of developing and

. fielding that. combination ~—of features.

QSBATE is a flexible rule based system that
will use expert system technology to
represent what is known or surmised about
the benefit of features and aspects of
training devices in relation to specific
tasks. OSBATS is an oxpert system based
decision aid that doesn't model any single
expert. .

instructional
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OSBATS represents the current movement
inte the development of decision aids that
are designed to expand the number of
factors that the average decision-maker
considers, while increasing the gpeed with
which decisions are made. The typical
training device designer considers many
factors in general- ways during the
develpopment of a training device concept.

Different training device designers
consider different subsets of those
facteors. 0SBATS and decision aids 1like

OSBATS (in other application areas} support
the decision maker in consistently
considering as many aspecks as c¢an be
identified, by using information from
research and other .experts. This decxeases
the individual-to-individual variance in
the pnumber and type of aspects considered
in comparable cases. Decision aids like
OSBATS also sexrve to increase the shared
information base about the tradeoffs to be
made, and can serve te -increase the
consistency of the decisions that are made,.
This is &xue even though the decision aids
can be used on the same problem by two
different users to develop two dQifferent
approaches. The . last great benefit for
using decision aids like OSBATS is that the
reasons for those differences are
immediately present in the audit trail . of
user decisions that are made during the
decision aid sessgions.

Perhaps the most important point is
that decision aids 1like OSBATS serve to
identify what is not well known . in
particular domains. In codifying the
research literature and the consistent
experientially based knowledge of experts,
information weak areas are identified that
do not have any firm available answers.
Many of these areas axe known e
reseaxchers, although perhaps not all, but
the primary benefit of the organizational
process is to specify exactly what is
known, what must be assumed, and provide a
rough measure for prioritizing what shouid
be investigated next.
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