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Abstract

At a time when Government budget cuts are in vogue and increased military

readiness is the gecal. knowledge of cost estimating and cost/training effectiveness =~ ~

models is essential for decision-makers and traiping anmalysts. As with many aspects
of our ecocnomy, costs associated with training continue to climb. Understanding and
correctly using cost estimating and cost/training effectiveness models can help in
the area of controlling the costs associated with training. This paper will pregéent
a number of the more common cost and training effectiveness models, describe the use
of the models and develop 3 glossary of terms. The material presented here is by ne
means exhaustive. The intent is to introduce the reader to some of the technigues
available and to provide a starting point for learning more about the subject. By
being aware of and correctly using these and other types of cost estimating and
cost/training effectiveness models., decision-makers will be able to increase the
return on the investments made in military training systems. By using these
techniques, it will become possible to achieve the goal of receiving better training
for legs cost.

Intreduction Estimation Model (TEEM), Training
Effectiveness, Cost Effectiveness
In order to make the right decisions Prediction (TECEP) and Method of
concerning what type of delivery system Designing Instructional Alternatives
iz most appropriate for a given military (MODIA) models will be given. BAs a way
training requirement, choices must be to introduce the reader to the subject
made about the costs involved, the area, a selected glossary is provided.
effectiveness required and the risks
associated with each of ‘the options Economic Analysis Process
available. Pecision-makers must have
access to tools that will allow them to The economic analysis process, das
make intelligent cholices. These tools shown in figure 1, draws on the theory
are the models, methods and technigues of economics for the rationale and
used in conducting cost and training justification of the concepts applied.
effectiveness analyses. Econonric The end objective of this type of
analysis is described as a conceptual . analysis is to identify the best return
framework for systematically from available resources. Economic
investigating problems of choice. As analysis helps the decision-making
such, it is one method which can aid in process by identifying the ecoponic
decision-making. There are also many implications of alternatives. When
others. The information presented here . performed ¢orrectly, ap economic
ig an attempt to introduce the reader to analysis will gquantify cost and output
the subject of cost analysis and variables, if possible, and identify
cost/training effectiveness methods. those which cannot be guantified.
For some, the information.presented may
be too basgic; for others it may open an The main elements of the process
area Which with additienal study and are: 1) establishing and defining
inguiry, will help improve their objectives;: 2) formulating assumptions:
decision-making capablilities in 3) determining alternatives: 4)
selecting training effective and cost evaluating alternatives; 5) selecting
effective training delivery systems. an alternative; and 6) performing a
specifically. the Economic Analysis ____ budget analysis. Looking at the
Process will be outlined, with a individual elements which make up the
geparate sub-set of this process, process, the first step in conducting
Benefit Analysis. described. The Cost an economic analysis of a training
and Training Effectiveness Analysis system would be the identification and
Method will be presented and a short definition of the intended training
deseription of the Training Efficiency _objectives. This provides the criteria

347



against which feasible training
alternatives can be measured for
efficiency and effectiveness. Next is
to formulate assumptions about the
analysis to be undertaken in order to
set reasonable boundaries in which to
work. This limits the number of
variables and keeps the process
manageable. After these assumptions
are made, selection of wvariable
alternatives is reguired. Identifying
these options may well be a task for a
training expert or instructional
developer. The reguirement is for a
range of choices to be identified
which can conceivably accomplish the
task at hand and are sufficiently
different from each other as to
warrant a decision of choice. Once
these alternatives are established,
they must be evaluated. This
evaluation consists of determining the
coste of each alternative, the
specific benefits to be derived fronm
them and a comparison of the various
alternatives on the bagis of both ¢ost
and benefit. From this comparison
comes a selection and then a budget
analysis. The budget analysis
determines the allocation and priority
of funds to be expended and attempts
to identify a best fit solution
considering costs and awvailable
regsources. If at this point in the
overall economic apalysis process all
things are in concert, the decision
should be made to eXecute the

program. If a shortfall is identified
in either available resources or
training returns, the process should
be repeated with the next most
seeningly reasonable alternative. If
this should fail and awvailable
alternatives are exhausted, a
redefinition of objectives/constraints
may be in order. In essence, the
economic analysis process is a series
of "besgt fit" comparisons between
available alternatives and associated
costs, available funding and expectant
training returns.

Benefit Analysgis

Ags a result of the Economic
Analysis, a Benefit Analysis considers
the alterpatives available. 1In order
for a decision-maker to compare the
various alternatives identified as
part of the economic analysis, the
returns or benefits of each
alternative should be defined. The
steps invelved in a Behefit Analysis
include: 1) determining, listing and
defining relevant benefits; 2)
establishing sources of informatioh:
3) collecting and displaying the
information; and 4) summarizing,
evaluating and presgenting the
findings. When defining the benefits,
it is desirable to list all those

which can help determine the meritg of
each alternative coansidered in the
economic analysis. Additionally,
consideration should be given to the
decision level for the econonmic

- analysis. Determining this decisicn
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level will help define the benefits
relevant to each of the alterratives.
Benefit characteristics, which are
helpful in defining utility include;
being discrete, quantifiable, and
discriminative. If a benefit is
digcrete, it can be clearly and
concisely identified amnd it does not
overlap with any other measure. 'The
benefit is quantifiable if it can be
direetly or indirectly measured using
valid techniques. If it cannot be
measured, it should be ranked or
prioritized. A third characteristic of
a benefit is that it should be
discrimipnative. If it is
discriminative, it is not spuriously
related te the purposes of the decision.

In order to analyze these benefits,
1t is helpful to categorize them.

These categories can be pnumerous and

will include items such as operating
efficiency, reliability, accuracy.
acceptability, maintainability/
controllability, manageability.
availability and quality. By doing
this, it is possible to document
benefits across categories. Collecting
and determining the source of
information for benefits is also a
necegsary part of the process. By
accomplishing these tasks., it will be
poessible to summarize, analyze,
evaluate and identify the benefits in a
comparative form. By applying a
weighting system to each benefit, it is
also possible to develop a methoed to
individually quantify each benefit.
Some possible techniques which can be
used to accomplish this include: graph
analysis, regression analysis, decision
theory, linear pregramming., and
economi¢ statistical modeling. If some
benefits are determined to be
nopquantifiable, it would be necessary

“to use expert opinion or a polling

technique, like the DELPHI method, to

_establish ranking. With the

developnent of a comprehensive benefit
analysis, the decision-maker's job ism
made easier by assembling all
information which will be needed to
identify and defend specific .o
alternatives to training problems.

Cost and Training Effectiveness
BAnalysis Model

CTEA (Cost and Training
Effectiveness Analysis) is described as
a method for defining trainiag
alternatives, comparing those
alternatives, and then defining the
proficiency obtainable with each



training hardware combination. CTEA
can be used with existing weapon
systems in order to organize and
present the information needed for
decision-makers to select from
alternative traiping approaches which
increase man-machinhe system
performapce within cost constraints.

While some CTEA methods require
emplrlcal performance data, others
regquire only human factors information
or task descriptions. All CTEA
methods have as their objective the
capability to prescribe training
program elements likely to be
effective, diagnose weaknesses in
training programs and predict the
probable effectiveness and cost of
training systems. This metheodology
can be used in the early stages of the
acquisition cycle to identify existing
data to define training options. The
same methodology can be used later in
the acguisition cycle as a forecaster
and diagnostic tool to assess
continually what changes in threat,
tactics and operationg have on the
effectiveness of the training
systems. The Army in particular has
used CTEA metheds extensively with

their Life Cycle System Management
Model (LCSMM) as a way to assure that
weapon system development includes
integration of user and trainer
requirements. CTEA provides the
jnformation required for training
analysis to assess training
alternatives and associated traiming
system costs. Because CTEA is an
iterative process, it can be used
throughout the entire weapon system
life cycle to assess the cost and
training effectiveness of the total
training system.

Specifically, when used with the
Arny's LCSMM, CTEA can be used to
ensure that training processes are
initiated early and are accomplished
in parallel with combat development
procestes. CTEA also ensures that the
training subsystem is developed wWith
the same degree of scientific
application as is the parent tact1ca1
hardware system. The use of CTEA
techniques ensures that training
system alternatives are considered and
that decision-makers are provided with
information at critical points of the
acquisition proe¢ess concerning the
training and hardware system.

Training Efficiency Estimation Model

TEEM (Training Efficiency
Estimation Model) is a predictive
computerized model for use with CTEA
techriques developed by Jorgensen and
Hoffer ({1978). Because current
acquisition policy reguires
effectiveness comparisons of the

training altécndtives of develeping
gystems, and because systems often have
no training programs to serve as a
basis for comparison in the early
stages of development, TEEM can be used
to estimate these comparisons. TEEM,
as diagramed in fiqure 2, begins with a
tagsk analysis, proceeds through
selection of training media and
methods, identifies information content
and structure, and generates a
cost/effectiveness ratio. By running
jterations of thig model for different
training system options. a number of
cost/effectiveness ratios can be
obtained for consideration and
comparison. TEEM uses a set of = ~— =7~
variables called "metalanguage® to =
degscribe the tasks to be learned and
the means (media and methods) of
learning them. When each variable in
the description of the task is matched
with the corresponding variable ino the
degcriptions of the training program,
an ideal traiming situation is
identified. By comparing this ideal to
one which must contend with real-world
constraints, such as limited funds and
regources, efficiency ratios can be
obtained. By using these efflciency
ratios, training options can be rank
ordered and associated costs
determined. With the unse of TEEM,
predictions of cost and training
effectiveness of training programs are
made available to decision-makers for
use during the appropriate phases of
the weapon system and training
development process.

Training Effectiveness,
Cost Effectiveness Prediction

The TECEP (Training Effectiveness,
Cost Effectivenesy Predigtion)
technique acts as a performance aid for
the training specialist to use in

_defining appropriate training

strategies for training objectives,
choosing an instruetional delivery

system capable of carrying out the
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training strategies, and identifying - -
the relative cost of these
alternatives. Although developed for
use by training system designers who
have expert knowledge of media, the
technigue c¢an be used by others who
need a performance aid in exploring the
probable cost and effectiveness of
various training alternatives,
including innovaticons. TECEP is
applied within the traiping systems
developnent model as described in
figure 3. The TECEP technique for
choosing cost effective instructional
delivery systems consists of three
steps. The first step is to clarify
and group training objectives according
to the type of learning algorithm
required to accomplish the objectives.
The second step is to take each group
of objectives and- identify two or more



types of instructional delivery —-

systems which will support the use of

the required algorithm. The third
step is to estimate the cost of using
each alternative delivery system to
train the required number of students
to meet the objectives. After
completing these steps. the final task
is to select the most cost-effective
instructional delivery system or nmix
of systems. As figure 4 indicates.
the process flow for TECEP moves from
a list of training objectives to
producing a way to choose a viable
instructional delivery system which
can be used to accomplish training
reguirements at a cost that is
acceptable.

Method of Designing =
instructional Alternatives

MODIA (Method of Designing
Instructional Alternativesz) is a
nethod useful for comparing
well-developed training program
alternatives. It deces, however,
require a greater level of detail and
may be difficult to use very early in
the life cycle of a weapon and its
training system. MODIA has been
deseribed by its developers as being
neutral in regard to effectiveness of
training design. However, it does
reveal the impact of design decisions
and in this way encourages training
desigpners to consgider alternatives.
Input to the model includes
information such as whether the course
requires unusually expensive or scarce
resources, course cohtent sequencing.
maximum and minimum number of
students, effects of tests on student
progress, how each unit of the course
will be taught., time required,
attrition, and the availability and
unit cost of resources. The outputs
from MODIA include average and peak
student lecad projections, average time
to graduation or attrition, rLesources
required, start-up, annual and
five-year costs, as well as others.
The method itself consists of four
elements: 1) a description of options
for course design; 2) a user
interface; 3) a resource utilization
model; and 4) a cost model. The
relationships among these four
elements are shown in figure 5. By
allowing the user of the model to
enter at various phases in the overall
process, MODIA can be tailored to
numerous training situations and the
different levels of knowledge about
thoge training situations which exist.

Summary

By beceoming more knowledgeable
about the methods and techniques
available to estimate the costs and

350

weighed.

Cest Analysis:

effectivenesgs of military training.
decision-makers and training analysts
can better define the impact and
benefits from investments in proposed
training systems. The techriques and
methods described here are but a few of
those avajilable. By applying the
appropriate techniques, alternatives
and options can be examined and

By using the proper methods
and with the benefit of a thoroughk

understanding of cost estimating and

cost/training effectiveness models, and
their role in the traimning process,
decision~makers and training analysts
can make cobjective decisions regarding
how to achieve the gecal of attaining
military readiness by providing the
best training for the most reasonable
cost. R

Glossary

This glossary is included to
highlight some of the terms and
acronpyms asscoclated with cost analysis
and cost/training effectiveness
methods. For a more comprehensive
review of this subject area, the
authors recommend the U.S. Army ARI
references and the curriculum material,
which is assgociated with the course
"Cost Analysis for Deecision-making,®
developed and offered through the
School of Logistics Science, U.S. Army
Logistics Management Center.

Alternative: One of several different

ways of achieving a desired capability.
Budget: A financial plan serving as a
pattern for control over future
operations: hence, any estimate of
future costs; any systematic plan for
the utilization of manpower, material,
or other resources.

The process of
analyzing and estimating incremental

and total resources required to support

past., present, and future forces,
units, systems, functions, and
equipment. In its appiication to
future resource reguirements, it
becomes an integral step in selection
of alternatives by the decision-maker.

Cost Benefit Analysis: An approach to

solving problems of choice involving a

definition of objectives, alternatives,
and what each alternative will yield in

benefits. Often used interchangeably

with economic analysis or

cost-effectiveness analysis.

Cost_Effectiveness Analysis: The

quantitative examination of alternative
prospective systems for the purpose of
identifying the preferred system and
its associated equipment,
organizations, etc. The examinations



aim at finding more precise answers to
a guestion and not at justifying a
cenclusion.

Cost Estimate: The estimated cost of
a component or aggregate of T
components. The analysgis and
determination of cost of interrelated
activities and equipment is cost
analysis. A result or product of a
cost analysis which specifies the
expected cost required to perform a
stipulated task or to acquire a weapon
gystem or equipment.

Cost Factors: A cost per unit of
regource; hence, a value established
on a per unit basis which, when
multiplied by the pumber of units or
program factor, yields the estimated
cost.

Cost Model: An ordered arrangement of
data and equations which permits
translating physical resocurces into
costs,

DELPHI Technigque: A polling technigue
often used to make expert opinion
estimates. The experts in a given
technical area are then polled. They
are asked to estimate the cogt for a
system displaying certain specified
characteristics. Thelr responseg are
summed and a mean, standard deviation
and range established. This data is
then given back to the experts in
another letter and they are allowed to
change their estimates, 1f they
desire. After several iterations, an
order of magnitude estimate (the mean}
results.

Economic Analysis: A systematic
approach to the problem of choosing
how to employ scarce resources and an
investigation of the full implications
of achieving a given objective in the
most efficient and effective manner.
The determination of efficiency and
effectiveness is implicit in the
assessment of the cost effectiveness
of alternative approaches.

Economic Efficiency: That mix of
alternative factors of productlon

which results in maximum outputs.
benefits, or utility for a given
cost. Also, that mix of productive
factors which represents the minimum
cost at which a specified level of
output can be obtained.

Ingtructional Delivery System: The
instructional systemr which consists of
the student and all of the elements
with which the student interacts to
achieve goals. Included are the
instructional media, both hardware and
courgeware, the instructor, other
students in peer instruction. and the
direct supporting services for
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equipment maintenance and development.

MODIA: Ap acronym standing for Method
of De: Designing Instructional
Alternatives. MODIA is used for .
comparing well-developed training
program alternatives and revealing the
impact of design decisions.

Risk: As uged in cost-effectiveness
analysis and operations research, a
situation is characterized as risk if
it is possible to describe all 90351b1e
outcomes and to assign meaningful
objective numerical probability weights
to each one.

TECEP: An acrohym standlng for
Tralning Effectiveness, Cost
Effectiveness Prediction. TECEP ig a

‘technigue designed for experienced

training system designers for use in
identifyibg cost-effective
ingtructional delivery systems.

TEEM: An acronym standing for Training
Efficiency Estimation Model. TEEM is a

predictive computerized model which

generates cost—-effectiveness ratios.

Training Effectivepess: The term
refers to the specific¢ effects that
training has on the students who
receive instruction. These effects are
ugually measured in terms of the time
it took students to reach given ’
training goals-objectives and/sor
according to the levels of achievement

" reached.
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PREPARE TASK
DESCRIPTIONS

¢———- GROUP TASKS -———1 o o

CHODSE MEDIA FOR DESCRIBE FUNGTIONAL
EACH TASK CONTEXT OF TASK GROUP
RECORD EFFICTENCY ' SELECT GROUP METHCE

FOR EACH TASK.

REDUCE MEDIA SET ——— COST PROGRAM
FORM EFFICIENGY NORMALIZE COSTS FOR ’
RATI0S — C/E RATIO
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Relationships Among MODIA Elements and the User
{ fram Carpenter-lluffman, 1977)
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