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DESIGN OF TRAINING SYSTEMS
COMPUTERIZATION OF THE EDUCATIONAL TECHNOLOGY ASSESSMENT MODEL (ETAM)
VOLUMES 1 AND 2

ABSTRACT

This two volume final report summarizes the analysis, design and development
activities associated with the Educational Technology Assessment Model (ETAM).
It contains relevant background information and results of prior studies lead-
ing to the finalized ETAM procedures and computerized routines. A comparison of
the manual versus the automated approach is included. Data base structures and
the ETAM program flow are described and related to each other. The appendix
includes the results of a study on the indexing of innovations and the assign-
ment of taxonomic descriptors to courses, job/tasks, and instructional vehicles.
The appendix also includes program documentation on the ETAM Range-of-Effect,
bibliographic references, and additional information supporting the ETAM design.
The detailed ETAM procedures supporting this report are included in TAEG Report
No. 12-3, Phase II-A Report. TAEG Report No. 32, The Development of Scaling
Procedures, supports the computerized approach taken in scaling variables.

Other important background and reference information can also be found in a
report written by Drs. R. B. Miller and A. F. Smode titled "Major Innovations

in Training Technology."

Phases I, II, II-A, III and IV were accomplished by the IBM Federal Systems
Division with the Training Analysis and Evaluation Group, Orlando, Florida,
providing technical guidance and support. The overall DOTS objective is to
provide Naval Education and Training Command (NAVEDTRACOM) management with
additional tools in the form of computerized mathematical models to assist

in predicting the quantitative impact of training resource decisions. The
planning process will be enhanced by providing decision makers with the
capability to economically and rapidly consider a wider range of alternatives.

Phase I was a study and definition effort resulting in a complete functional
description of the NAVEDTRACOM; a strategic definition of the social, political,
economic and technological environments pertinent to the naval education and
training system in the 1980's; a list of existing and potential models amenabie
to computerization and to improving the decision-making process.

Phase Il was devoted to the selection and development of three mathematical
models from the Phase I list of candidates. The three were the System Capabili-
ties/Requirements and Resources (SCRR), the Individualized Training Simulation
System (I1TSS), and the Training Process Flow (TPF) models.

Phase 111 centered on evaluating the selected models at the Fleet Training
Center, Norfolk, VA. An important recommendation from the Test and Evaluation
conducted during Phase III was that DOTS should investigate model applications
at higher command levels.

Phase IV responded to the recommendations of Phase III by (1) operating and
testing at TRAPAC, San Diego, CA, the models developed in Phase II, and (2)

developing a new Training Requirements Analysis Model (TRAM) and field testing
it at CNTECHTRA, Memphis, Tenn.

The major effort supporting Phase 11-B was the ETAM procedural development
during Phase II-A. In addition to the procedural development, computer
applications were described, scenarios using the ETAM procedures were pre-
pared, and ETAM validity and logical structure were confirmed.

Reproduction of this publication in
whole or in part is permitted for any
purpose of the United States Government.
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FOREWORD

The Design of Training Systems (DOTS) project objectives are in conso-
nance with the requirements of Advanced Development Objective ZPNO7
(formerly ADO 43-03X), Education and Training Development. ZPNO7 in-
cludes a number of projects concerned with demonstrating and evaluating
the technical, operational and financial feasibility of applying advanced
technological applications to improving the training process.

The Bureau of Naval Personnel initiated the original ADO in 1966 to make
naval training more responsive to the changing times. As one project
under this effort, DOTS was designed to improve the process of managing
training resources through application of the techniques of system analysis
and system simulation as accomplished through mathematical modeling. The
end objective is a family of computerized mathematical models enabiing
training management to more rapidly predict the impact of changes in train-
ing resource availability or requirements.

The majority of education and training was reorganized in 1971 under one
command, Chief of Naval Education and Training (CNET). Because of this
change, DOTS responsibility was transferred to CNET in March of 1972;

more specifically, to the Training Analysis and Evaluation Group (TAEG),
Orlando, Florida. The new CNET organization greatly increased the potential
benefits to be gained from the increased application of new management tech-
niques and, therefore, from the DOTS' R&D effort. DOTS began in February

of 1973, with the majority of tasking being contracted to the International
Business Machines -Corporation, Federal Systems Division, Cape Kennedy
Facflity, located at Cape Canaveral, Fjorida.

The Training Analysis and Evaluatfon Group, Dr. A. Smode, Director, project
team members Messrs. M. Middleton and W. Lindahl, complemented the con-
tracted effort by providing direction and guidance and in establishing
organizational interfaces.

The model was developed by Mr. L. R. Duffy, Dr. R. B. Miller, and Mr. J. D.
Staley. Mr. R. E. Haliman and Mr. L. R. Duffy provided management for the
project.

{
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SECTION I
INTRORUCTION

BACKGRCUND

The benefits, costs and risks associated with introducing technical innova-
tions in education and training can invoke large commitments of resources.
The rational assessment of payoffs and penalties for investing in changes
therefore deserves technical attention with the objective of arriving at
sound decisions to accept or reject. In essence, this means making an
analysis of the full potential range of applicability of the proposed in-
novation in terms of benefits, liabilities and risks, including financial
analysis of costs, and synthesizing the mass of resulting data into a
decision-making presentation. Key judgmental operations should, of course,
be retained by humans. Explicitness in procedure and in the expression of
human judgment is a key factor in rationality. The Educational Technology
Assessment Model (ETAM) is a set of comprenensive procedures and variables
for this analysis, synthesis and decision making. Although the content

of this structure, or "model," is directed specifically towards education
and training, the structure itself is applicable to any rational, decision-
making context.

An innovation is broadly defined. In ETAM it is "a relatively constant or
enduring change in the procedures, objects or functions used in any aspect
of the instructional process which may be viewed as a benefit (or a lia-
bility) and has associated costs." Thus, an innovation may be a technical
invention or it may be a structural change in the setting of instruction,
such as from shore-based to ship-based training. In summary, innovations
range across content of instruction, instructional procedure, student selec-
tion, and generation and implementation of training requirements.*

The initial ETAM study developed a complete set of manual procedures, para-
meters and formats for all analysis, synthesis and decision. A comprehensive,
descriptive taxonomy of educational technology was generated. Its purpose was
to enable any proposed innovation to be described in a standardized terminology
for determining the full range of potential effect in the Navy: students,
courses, jobs, instructional devices, instructional development, as areas of
relevance. An equivalent effort was spent in developing or adapting analytic
cost models applicabie to the Navy's training environments.

The procedural model also included return on investment analysis, sensitivity
analysis, and scaling procedures for transiating subjective evaluations of

* For additional reference to educational innovations see:

Miller, Robert B. and Duffy, Larry R., 1975. Design of Training Systems
Phase [I-A Final Report. TAEG Report No. 12-3, Training Analysis and
Evaluation Group, Orlando, FL. Chapter III.

I-1
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relative worth into utility values. These utility expressions became inputs
to formal decision tree models to be presented to the executive decision
maker. A logical flow of information is maintained from one procedural step
to the next, so that the assessor can readily review the sources of benefits
data, cost data, judgments and assumptions leading up to the final presenta-
tion of evaluation decision alternatives. The decision maker can change the
input values to the sensitive parameters in the model and determine the effect
on the decision alternatives. The decision maker is not restricted to work-
ing only from the formal outcomes of staff evaluations.

ASSUMPTIONS ABOUT USING THE MODEL

Some assumptions that were stated in the initial ETAM study should be
repeated here.

1. The primary user of ETAM will be the assessor of the innovation.
He (or the assessing team) have expertise in the subject matter
of the particular innovation to be evaluated. He has mastered
the ETAM classification structure, at jeast to the level of
being able to reference its content. Furthermore, he will have
had at least several dozen hours of preliminary practice in
applying the procedures manually (except for calculational
problems) and can "walk his way through"” the major ETAM tasks.
He will also nave background in the operational aspects of Navy
training courses, instructional devices and media, Navy jobs,
and/or the developmental stages of training; at least he will
be familiar with those aspects of these operations relevant
to the innovation. This assumption recognizes that humans
will provide the information inputs and judgments, whereas
the model merely structures, guides, and within defined limits
processes them.

&5 The secondary user of ETAM will be the executive decision maker.
He makes the decision to commit, deny or commute the resource
for implementing the decision. He may question the constituent
or summary judgments, evaluations, data sources and predictions
of the assessor embodied in the final evaluative recommendation.
He can "peel back" the various layers of data and judgements
entering into the final calculations. ETAM documentation should
facilitate this normal relationship between the executive and
his advisory staff work. The service of the computer should
aid rather than hinder this inspection.

A key factor is the ability to identify the factors most sensi-
tive to the decision outcome, and test the range of this sensi-
tivity across the limit where a recommended decision choice A
changes to a decision choice B.

3. The assessor will make the final judgments as to whether the

innovation is or is not applicable to an entity such as a
given training course, a given instructional vehicle, a given

[-2
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job or job-task. The range-of-effect search operations, in-
cluding the indexing of the innovation and indexing the data
base content, and automatic searches on data bases, will facili-
tate those judgments, but not replace them.

4. The user is not compelled to apply the procedures beyond any stage
where common sense shows that the outcome will be hopelessly nega-
tive. The model is segmented into stages so as to help this kind
of efficient termination come about. It is easy to become disen-
gaged from the model with a sensibly completed piece of work. The
assessor is also encouraged to examine the outcome of each stage of
work for being within the bounds of reasonableness.

OBJECTIVES FOR ETAM

The design phase of ETAM led to the specification of a set of manual procedures
for assessing a proposed innovation or change in Navy training. A proper
follow-on objective was adapting computerized aids for reducing the large
burdens of manual activities and supplementing rather than replacing or inter-
fering with human judgmental processes. The scaling operations leading to
expressions of utility in decision models were so important that they deserved
intensive study of theory and practice in behavioral utility models before
adopting and standardizing on any given procedure. Another key issue was

the practicability of the ETAM classification structure to the indexing and

3
3
b
o

searching of the content in Navy data bases dealing with training courses,
jobs and job-tasks, instructional vehicles and media. These issues were the
basis for the next phase of ETAM.
The following tasks summarize the initial ETAM objectives:
1. A study to determine appropriate scaling techniques which would
increase the expected reliability and validity of subjective
estimates required within the ETAM procedures.*
2. A study to define indexing methods to provide equivalence -

between the ETAM range-of-effect taxonomic elements and data

base descriptors for the purpose of achieving effective data
search and retrieval operations.**

3 A major report presenting a comprehensive overview of the innova-
tions in concepts, methods and practices that have shaped and
are currently influencing modern instructional technology. The
purpose was to give the intelligent layman an overview of the
effects of innovation upon training. Such a document would
aid high-ranking military officers and business executives

* Miller, Robert B., and Duffy, Larry R., 1975. Design of Training Systems,
The Development of Scaling Techniques. TAEG Report No. 32, Training
Analysis and Evaluation Group, Orlando, FL.

** Refer to Appendix A of this report, TAEG Report No. 40.

I-3
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in making decisions on applying proposed innovative techniques
and/or technologies to their training system. There are parallels,
but few direct equivalents, of the content of the initial ETAM
report (TAEG Report No. 12-3). It would be an appropriate orient-
ing background to the ETAM report for those using its content.*

Computerization of the ETAM logic so that an assessor can inter-
actively arrive at an accept/reject conclusion using various
utility, probability, cost and benefit data as model inputs.
Standard program documentation and a user's guide will be pro-
duced as an output of this task.

* MiTler, Robert B., and Smode, Alfred F., 1976. Major Innovations in

Training Technology. Training Analysis and Evaluation Group, Orlando,

FL.

I-4
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SECTION II
ETAM FUNCTIONAL REQUIREMENTS

This section of the report has two components. The first deals with the pro-
cedures arising from the steps in the operational sequence of ETAM. Each of
these steps has a set of defined information inputs, processing activities, and
defined information outputs. This procedural definition was presented in the
initial ETAM report, but subject to modification by the results of the studies
on scaling and on indexing procedures. The second component of the functional
requirement is the design requirement for computer support to the procedures.

PROCEDURAL REQUIREMENTS

The ETAM procedures consist of eight major tasks. The following descriptions
will focus on the data management components of these tasks rather than on how
they are performed since these aspects are most relevant to the functions of
computerized data storage, processing and retrieval.

Figure II-1 is a schematic of these steps.

TASK 1 - FORMALIZE THE DESCRIPTION OF THE INNOVATION. A project file is ini-
tiated to serve as a data base for Innovation X. The innovator identifies the
objectives of the innovation as he conceived them, target applications, and the
results of empirical studies, if any, made from the innovation, or cited as
relevant to the innovation. With the assistance of a staff "assessor" with ETAM
background, the prose description of the innovation is indexed according to the
taxonomic classification descriptors in ETAM. The indexed innovation as a set
of descriptors will be used as a search specification against data bases in Task
5--determination of range-of-effect. The information in prose form will be
retained in a Task 1 file.

TASK 2 - DEVELOP/EXAMINE ALTERNATIVES TO THE INNOVATION. 1In this task the
innovator (or other expert) is requested to consider possible alternatives to
the proposed innovation which may require a lesser level of investment funding,
and possibly be more cost effective. Any outcome of Task 2 will be treated
procedurally like Task 1 and the outcomes of Task 1. The ultimate result will
be to create a decision that compares Innovation X with the alternative Innova-
tion XX. The profile of descriptors that indexes Innovation XX may, or may not,
be identical to the index of Innovation X. Innovation XX will generate its own
file with a direct associative link to Innovation X.

TASK 3 - MAKE PRELIMINARY FEASIBILITY PROFILE. The formal assessment procedure
begins at this point with a questionnaire about potential risks in the imple-
mentation, acceptance and application of the innovation. The issues deal with
organizational incompatibilities, goal/policies incompatabilities, technical
support requirements, funding constraints and problems in attitudinal acceptance
by users. A format is available for entering risk estimates and comments on
each of the key risk variables.
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If the risks are high, risk reduction projects are formulated. Their costs are
roughly estimated and the consequent risk reduction is also estimated. If the
overall risks still seem excessively high, the decision to reject the innovation
from further consideration may be made at this point.

A format for collecting these data is contained in Appendix B of this report
(Figure B-1). The content becomes part of the Project File. It will be used in
Task 4 and appear as essential data in Task 8.

TASK 4 - PERFORM ANALYTIC FEASIBILITY ASSESSMENT. The results of Task 3 are
analyzed in greater depth and risk reduction studies and projects are further
defined and costed. A preliminary decision tree is structured for providing
initial guidance as to whether the innovation should be accepted outright,
accepted with the additional expenditures for the risk reduction projects, or
rejected. Presumably, a definitive range-of-effect study of potential benefits
nas not yet been justified, or a sample of already known target applications for
the innovation is a sufficient working basis for this stage of assessment.

Project descriptions are prepared for each R&D effort with supporting data about
resource requirements, cost analysis, and time schedules. These projects are
grcuped into packages, each of which is intended to reduce the overall risk to a
reasonable level. A format for collecting cost/saving data is shown in Appendix
B (Figure B-2).

Decision trees are developed from estimated benefits data, cost data associated
with various supplemental projects, and risk estimations. Refer to Appendix B
(Figures B-3 and B-4).

Note that at this stage, the range-of-effect and cost analysis has been only
grossly estimated rather than derived from a full scale analysis. But even on
these bases, the differences among the decision alternatives may be so large
and, based on sensitivity analysis, appear so reliable, that a decision may be
Jjustified without further analysis.

If analysis proceeds further, the risk estimations and risk reduction project
data are fed into Task 6.

TASK 5 - DETERMINE RANGE-OF-EFFECT. The prior tasks have been concerned with
the assessment of the innovation over a limited range of application. Ini-
tially, it was the target applications identified by the innovator; in Task 4 a
preliminary extended range-of-application was considered. Task 5 enables the
assessor to apply both the formal descriptors applied to indexing the innovation
and the contextual knowledge about the innovation to the full range of the
Navy's inventory of training courses, instruction vehicles and job-tacks.

ETAM stipulates that entities--training courses, job-tasks, instructional
vehicles-~subject to range-of-effect analysis may be indexed according to the
rules of the descriptor taxonomy in ETAM formulated in Appendix A of this
report. These indexed entities comprise a data base. This data base can be
searched by search arguments composed of the descriptors that uniquely identify
the relevant properties of the innovation.
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Thus, the indexed description of the innovation that was made in Task 1 becomes
an input into range-of-effect search. When the search arguments reveal hits in
the data base, the assessor examines contextual information about the entity (a
course, a job-task, or an instructional vehicle) and makes a judgment of rele-
vance or irrelevance. When matches between the innovation's properties and the
entity's properties are made, the assessor estimates the kind and proportional
magnitude of benefit/liability that is Tikely to be contributed by the innovation.
A method from the initial ETAM study for describing a benefit (or liability) is
shown in Appendix B (Figure B-5). Ordinarily, there will be a number of benefit
variables and liability variables that make up a pattern or profile applicable
to the innovation's promise. The identification of affected entities (courses,
etc.) is input to cost-benefit analysis, Task 6.

TASK 6 - PERFORM COST-BENEFITS ANALYSIS. The decision tree developed in Task 4
is refined to include more precise costs and savings derived from processing the
tangible benefits through the modei. Thus, if the innovation has been estimated
to enable an average reduction of 20% for learning the content of Course A to
criterion, the cost model determines how frequently the course is taught, how
many students take the course and, from its base of cost data about Course A,
computes in dollars the actual projected savings. In addition, the assessor
uses utility scaling techniques for analyzing intangible benefits so that they
are expressed in "equivalent dollars,” thus enabling them to be combined into a
single continuum of worth or value. Equivalent dollars is a utility expression
rather than a Titeral dollar value. Probabilities of implementation success and
user acceptance with and without the risk reduction projects are refined and the
decision variables are recaiculated.

The procedural model described in the ETAM Phase II-B report, "Design of Train-
ing Systems, The Development of Scaling Procedures," is the structure whereby
the assessor generates multivariate utilities for outcomes in the decision tree.

The model permits sensitivity analysis of variables that could reasonably change
enough to affect the choice of a decision alternative.

The output of this Task goes into Task 7, and subsequently to the decision maker
in Task 8.

TASK 7 - PERFORM FINANCIAL ANALYSIS. This task is concerned with assessing the
tangible benefits and liabilities (those expressable in real dollars) in terms
of certain economic measures. The investment costs and the annual costs anc
savings are calculated over a planning period extending a number of years into
the future. Rates-of-return on the invested dollars are determined for the
incremental effect of each alternative compared to the primary project. Alter-
natives consist of the proposed innovation, the existing system, and any other
approaches defined in Task 2 which were considered reasonable candidates ‘or
further assessment. This assessment process provides a separate, distinct view
of the vaiue of the innovation from that gained from the decision tree assess-
ment in Task 6. Both are inputs to the decision maker.

The model enables sensitivity analysis. The purpose is to give the assessor
insight into the variables that could cause a change in the decision if they
were to vary over a reasonably expected range.
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TASK & - MAKE THE ACCEPT/REJECT/STUDY DECISION. The immediate bases for the
making of the decision are the financial analysis, plus sensitivity analysis,
from Task 7, and the decision tree data, plus sensitivity analysis, from Task 6.

However, the organized content of the data base files of the assessment project
enables the decision maker to examine any of the constituent elements beneath the
summary presentation made to him. He may substitute his own evaluations of

worth, probability of outcomes, importance of intangibles, estimates of benefits

or liabilities. He may "peel back" the data in each of the seven tasks by
selectively accessing the files on each of these tasks. He could examine samples
of range-of-effect entities contained in computer files and retrieved interactively.

The executive is thus in a position to put probes behind the facade of con-
clusions presented to him. He is therefore capable of reassurance in the results
or direct participation in changing them according to his own values and store
of information.

COMMENT. The preceding description is merely a synoptic outline of the ETAM
procedure. It is neither a substitute nor replacement for the full description,
including stipulations, assumptions and caveats, that are contained in the
source, the initial ETAM report, TAEG Report No. 12-3.

DESIGN REQUIREMENTS

The Education Technology Assessment Model as outlined in the previous section is
an organized grouping of procedural sequences that provide a structure ‘or
efficiently and effectively assessing the true value of a proposed innovation in
training. Efficiency is, however, highly dependent upon the assessor's ability
to access data when required, rapidly make calculations using selectable routines
(e.g., Training Cost Model), modify input data and make recalculations, and
obtain output reports with suitable content and format for effective analysis

and decision making. An efficient assessment processing structure reguires:

1. Organized data bases external to ETAM with rapid search and
retrieval capability.

2. Automated routines which can be selected at specific stages
of the assessment process for making calculations or manipu-
lating data.

3. Project files which will serve as a repository for:

Descriptive data on the innovation.

Input data factors.

Results of data base searches.

Intermediate calculated results.

Implementation subproject descriptive and cost data.
Final analytic results.

4. An organized system of manual and computerized steps that will
make it possible for the trained user to select prudently the
sequencing of data retrieval, data manipulation, calculations,
interactive requirements, and output generation based upon the
analytic needs at a particular phase of the assessment.




TAEG REPORT NO. 40

OVERALL SYSTEM OBJECTIVES. The user is a major concern in the development of
any complex interactive automated data system. The following objectives are
intended as overall guidance to the development process to ensure a high level
of user orientation is achieved.

1. Operational Ease.

There will be minimal requirement that the ultimate user be
familiar with both the software and hardware design in order to
solve his problems using the system. This implies an interface
with the computer in a language which is presently within the
user's repertory, and sufficient prompting and assistance to
promote simpiicity in problem entry as well as in output inter-
pretation. ;

2. Interactive Capability.

Much of the data entry initially will be in batch form; however,
once the basic analytic process has begun, a high degree of user
interaction will be a part of the overall design structure. The
user will be able to specify solution formats, to modify and over-
ride existing data, to call upon specific calculation or data
manipulation routines, or to specify output report formats. The
assistance provided the user through on-line prompting will be
sufficient to permit rapid convergence toward problem solution

and decision.

3. Modular besign.

As the user undertakes the assessment process, additional calcu-
lation and data manipulation.requirements may be identified. The
software system will be designed in such a way that existing rou-
tines can be modified or deleted with minimal impact on the other
components of the system and so that additional routines can be
developed and incorporated as a new module within the existing
system framework. This facility is necessary to maintain a
"general purpose" character to the assessment process, so that
analytic processes unique to assessing certain types of innova-
tions can be added as they are identified.

4. Data Base Maintenance.

Several data bases have been identified to interface with the
ETAM programs. The intent is to access existing Navy data bases,
insofar as is possible, so that existing data base maintenance
approaches can be used. The objective is to minimize the amount
of additional data to be collected and stored.

ETAM AUTOMATED DATA SYSTEM FUNCTIONAL DESIGN. The automated data system is
designed with five major functions to control the flow of data and sequence of
calculations, as well as provide input data paths to the data bases. The inter-
relationships between these five functions and the data bases are shown in
Figure 11-2. Following are descriptions of each function and the types of
programs or subfunctions which may be contzined within them. Specific programs

and file structures developed to fulfill these functions are detailed in Section
III of this report.

[1-6
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Description Structuring. Source descriptive and project data are entered via
the Description Structuring programs. Project identifications are established
to ensure traceability throughout the entire analytic and data transfer process.
Overall data structuring, as it relates to the organization of the project file
data base, is performed here. Any batch data input (e.g., cost model input
parameters) is entered through one of the Description Structuring programs.

Objective: The Description Structuring programs (DSP) establish a new project
region within the project file section of the ETAM Working Data Base. They
accept the total range of descriptive data on the new project (proposed training
innovation) and format it for subsequent processing. They also accept major
data subsets associated with the project which will include: (1) experimental
studies with descriptions and resultant data, (2) risk reduction implementation
projects with descriptions, resource requirements, schedules, and impacts upon
overall project succcess, (3) alternative project descriptions, and (4) unique
costing data. Input to the DSP will define the initial processing sequence and
output requirements.

Input: Project file initialization and most updating will be performed via card
input. The major input sets will be:

1. Project descriptive data.

2. Benefit pattern data.

3. Risk profiles and risk reduction project data.

4. Decision tree parameters (outcome scenarios, variables, etc.).

5. Alternative projects descriptive data.
Processing Functions: The DSP will accept input data sets. The required file
management routines will be called and assigned to process the input which may
be new data or replacement data. Once data sets have been assigned, a project

table will be created which identifies all data sets related to the primary
project being proposed. ]

Qutput: The major DSP output are the individual files created within the pro-
jected data base.

Range-of-Effect. The purpose of these programs is to formulate the processing
pattern which is to form the input for the Assessment Programs. The user is to
be provided preliminary guidance in preparing the taxonomic descriptors which
will be used to search out the innovation's full range of application. Once the
search characteristics have been defined, either interactively or off-line, the
specific search paramater for the equipment, course, or job data bases are
generated. The ETAM abbreviated data base which contains abbreviated records
for Navy courses, jobs, etc., and user interactive inputs are the primary source
of data upon which the Range-of-Effect programs operate. Any of the entities *
extracted through a data search operation will be passed to the extracted data :
base for further manipulation.
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Objective: Primary objectives of the Range-of-Effect programs (REP) are (1) to
create the necessary set of data base search parameters for obtaining the enti-
ties (e.g., course, jobs) to which the innovation has potential application, and
(2) to structure the benefit pattern used by the Assessment function in calcu-
lating the decision variables.

Input: Project descriptive data from tne project file will provide the target
applications for the proposed innovation. This will establish the initial
descriptor content. Benefit estimates and the empirical data will define bene-
fit patterns and allocation rules for further modifying the search parameters.

Processing Functions: The appropriate abbreviated data base may be searched
based upon the target application and the descriptor index will be presented for
the review of the assessor. A conversion table will translate numeric indices
to appropriate elements of the taxonomies related to the entity class for the
target application. User Interactive programs (UIP) will prompt the assessor
and select taxonomic menus to guide this refinement process. Multiple indices
may be developed if improvements of the taxonomic menus are OR'ed together.

Once the descriptor indices have been formulated, the appropriate abbreviated
data base will be searched to obtain all entities which match.

Allocation rules are for the purpose of further refining the list of selected
entities. For example, if courses having a length of one week or more can
benefit from the proposed innovation, this would become an additional selector
factor when the 1ist of entities is forwarded to the Navy data base controlling
function for extraction of the full range of attributes associated with the
entities. The assessor must determine if the additional selectors are to be
used to Timit the number of entities extracted or whether they should be applied
to the total set of extracted entities once they have been loaded in the extracted
data section of the ETAM Working Data Base. This aetermination would be based
upon whether the entities eliminated by the selector would ever be brought into
the Assessment program analysis from a change in allocation rules.

A final processing function of the REP is the formulation of the benefit pattern
used to input various routines with the Assessment Program. The ETAM procedures
for Tasks 4, 5 and 6 should provide sufficient guidance on the content and
format. Some benefit patterns will involve directly costable functions (i.e.,
straight displaceable costs) such as in the case where equipment is eliminated
or replaced.

Output: The Range-of-Effect Program develops an output report containing a

list of entities and selector factors to be used in searching existing Navy data
bases to obtain the full attribute set for each entity matched. The second
output will be a table of variables, degree of change, importance, confidence,
etc., which will represent the benefits pattern to be used within the Assessment
Program. Allocation rules which were not used in generating selector factors on
the entity extraction tape will also be stored for use by the Assessment Program.

Assessment. ‘The Assessment programs perform computational steps in the analytic
process. This encompassgs.four basic types of computational capabilities;
namely, cost models, decision tree evaluators, financial analysis routines, and
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sensitivity analysis routines. In conjunction with these computational routines,
basic input editing and default data selection functions are carried out by the
Assessment programs. These routines will communicate with the user to identify
additional data requirements, or to point out the characteristics of particular

- default data being used. Final results will be retained in the ETAM project
file for additional processing or modification if desired. An aggregation
routine will provide the means of summarizing the data from multiple selected
entities (e.g., jobs), so that the computational routines can be run on aggre-
gated data.

Objective: The Assessment programs (AP) provide the data manipulation and
computational capability for generating costs, benefit quantities, decision
variables, and sensitivity factors. These become the key inputs to the decision
maker. The AP will have the capability of aggregating and weighting entities
either for inputting cost models or resulting from processing by a cost model.
Decision variables calculated on aggregated data will be obtained from either a
cost-benefits analysis using a decision tree framework or from a financial
return-on-investment analysis.

Input: Control instructions from the User Interactive programs (UIP) will guide
the processing sequence for the AP; thus, the input factors seiected will be a
function of these instructions. Each routine (training costs model, job cost
model, decision tree generator, etc.) will require a set of data variables which
will be stored in the extracted data section of the ETAM project files. Each
routine will also have provision for input editing and for the generation or
selection of default data in the cases where information is missing.

Processing Functions: The processing design was guided by the initial ETAM
study procedures for cost-benefits anaiysis and financial analysis. The pro-
cessing routines within the AP are:

1. Training Cost Model

The basic logic of a Navy model developed for costing training require-
ments as a part of TECEP (Trairning Effectiveness/Cost Effectivess Pre-
diction Technique)* was incorporated into the Training Cost Model speci-
fied for ETAM. Several additional features to be incorporated into the
final developed program outlined in Section III of this report are:

Extensive input data editing and default data specification.

User selectable policies for equipment purchase and equipment depre-
ciation.

Selectable output reports.

Qutput format design compatible with CRT display to facilitate any
conversion from the present batch to an interactive system with display
capability.

*Braby, Richard (Ed.D), Henry, James M., Parrish, William F. Jr., and Swope, William
M. (Ph.D), 1975. A Technique for Choosing Cost-Effective Instructional Delivery
Systems. TAEG Report No. 16, Training Analysis and Evaluation Group, Orlando, FL.

I1-10
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2. Job Cost Model

The costing of job related impacts requires a manual analysis of the
job/tasks affected by the innovation. Inputs can be in the form of
frequency of tasks and time per task which can be converted to equi-
valent numbers of persons performing the tasks, or total persons im-
pacted can be input directly. Other costs which can be estimated and
inputted are:

Error rates and cost per error.
Support costs; e.g., tools, supervision, etc.
3. Equipment Cost Model

The "instructional vehicle" route in the Range-of-Effect Task 5 is

taken when the innovation is concerned with a straight cost displacement
effect. The data base accessed for obtaining attributes of equipments
will contain cost. The model for determining equipment cost requires
manual estimation of such items as:

Numbers affected

Equipment purchase cost
Purchase policy

Equipment maintenance cost
Life of equipment
Depreciation policy

4. Decision Tree Evaluator
The decision tree evaluation routine performs the necessary calculations

required to fold back the tree and determine the value of the decision
variable.

The inputs to the decision tree evaluation will be able to be entered
directly in the batch mode or interactively through User Interaction
programs. Inputs to this routine are:

Outcome utilities (equivalent costs)
Success probabilities
Risk package costs

5. Financial Analysis Routine

This routine performs a comparative return on investment analysis on the
cost/savings effects of implementing the proposed innovation. Comparisons
can be made between the primary proposal and the existing system, between
the primary proposal and any identified alternative proposals, and between
any two alternative proposals. The present value of each comparative
investment is calculated based on an inputted discount rate. A Savings
Investment Ratio, Rate of Return on Investment, and Uniform Annual Cost/
Savings are calculated for each comparison.

11-1
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6. Sensitivity Analysis Routine

Two sensitivity analysis routines are required. One is used with the
decision tree where the decision variable is evaluated for its sensitivity
to each variable included in the tree outcomes (A through D), to the
success probabilities, and to the risk reduction package(s) ccst. As is
outlined in the initial ETAM procedures, the results of the zensitivity
analysis will be:

Break-even value
Decision change (from/to)
Sensitivity factor
Probability factor

The mean value and confidence range for each variable are the inputs to
the sensitivity analysis routine.

A second sensitivity analysis routine (actually to be developed as a
subroutine of the first) will treat rate-of-return and present value
decision variables as the dependent variables, and will allow a sensi-
tivity calculation to be performed using each benefit variable and
discount-rate as independent variables.

7. Aggregation Routine

The assessment program has the facility for summing the results of
evaluating multiple entities. For example, if the innovation impacts
fifty courses, each course would be processed through the training cost
model, and the results aggregated through this routine. Similar aggre-
gations would be performed for jobs, equipments, etc.

OQutput: The AP routines generate output data sets which can be accessed by report
selection and output structuring routines. The specific report formats are outlined
in Section III of this report.

User Interactive. Many of the ETAM software elements will require initiation via
user on-line terminal control. The programs are "interactive" in the strict sense
that user input is required to determine course of action, operational modes, etc.
The user input will be prompted when required. Some programs are capable of pro-
ducing a variety of output reports. The selection of report format and, in some
instances, the amount of data to be included in the report will be provided by the
user via terminal input. In certain routines, such as the decision tree evaluation,
interaction with the user may be highly desirable in formuiating parameters or

in generating the scenarios required for each decision tree outcome.

Objective: Interactive control allows the assessor to maintain control over pro-
cessing functions and input and output both batch and interactive. Such control
extends to program control and maintenance of the ETAM data bases. To be impie-
mented will be interaction with the assessor to perform editing, general prompting,
data retrieval, and output formatting.

Inputs: Inputs to those processing functions which would normally require user-
supplied input will be in many instances supplied by two sources. Within the
executive control language of the system which calls the processing functions,
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default execution parameters can be suppiied; these defaults can be overridden
by terminal input. In some instances, final input to a process may involve a
combination of terminal input commands and executive control defaults.

Processing Functions: User interaction will be required for the control of those
functions which encompass the following ETAM activities:

1. Data input and data editing. Specifically, this function is per-
formed for any processes which require data to be input from the
terminal.

2. Prompting: A number of prompting routines, including assistance
("help") to the user, guides for the assessor in data input and
retrieval, processing control and decisions, and output selection.

3. Output reporting: Many routines can supply a variety of distinct
output reports. The user may command the type and, in some instances,
the amount of on-line reporting to meet his immediate requirements.

In some processes, both on-line (terminal) and off-line (batch) output
may be selected.

OQutput: The major outputs are data exception reports from the data editing functions,
prompting instructions to the assessor when operating interactively, and interaction
log which provides a record of terminal requests, and standard output reports.

Data Base Maintenance. This is a collection of programs required to maintain the
ETAM master files. They provide the facilities for initial file loading, limited
editing, and for printer or terminal dump of the file contents. A similar set of
maintenance routines will also be required for the ETAM individual project files.

ETAM WORKING DATA BASE. There are three major sections of this data base. Specific
developmental implementation of these functional data base requirements are included
in Section III of this report.

Program Library. The first section of the ETAM Working Data Base is a program
Tibrary containing the major programs and routines to be called during the pro-
cessing operations. The programs contained within this section of the data base
will be:

1. Description Structuring

2. Range-of-Effect

3. Assessment

4. User Interactive

. Data Base Maintenance
A direct access storage device will be used for storing all programs, routines,
and subroutines which are a part of the program library, as well as for storing

project data, conversion tables, abbreviated records of entities for seach re-
trieval, and extracted data from Navy data bases.
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Project File. The second major section of the ETAM Working Data Base will contain
all project data loaded initially using the Description Structuring programs, as well
as any additional data developed as «a result of performing the ETAM operations.

These data will include:

1. Project Descriptive Data (from Task 1) - _

2. Alternatives to the Innovation (from Task 2)

3. Risk Factors and Risk Reduction Projects (from Task 3)
4. Decision Tree Factors (from Tasks 4 and 6)

5. Range-of-Effect Search Descriptors (from Task 5)

6. Benefits Patterns (from Task 5)

7. Cost-Benefits Results (from Task 6)

8. Financial Analysis Data (from Task 7)

Exterior to the project files, abbreviated records of all courses, jobs, and equip-
ment will be maintained as a part of the ETAM Working Data Base. These records will
be appropriately indexed to permit search once search descriptors have been formulated.

Project data will utilize a non-hierarchical structure with fixed length records.
Relationships between primary project data, alternatives to the primary project, risk
reduction project data, and entities being costed and aggregated will be maintained
through cross-reference information contained within certain project file types. The
components of the project file are defined in Section III of this report. The initial
ETAM procedures served as a guide in development of project descriptive data and risk
reduction project data.

Extracted Data. The third section of the ETAM Working Data Base serves as a repository
for the full set of data extracted from searches of master Navy data bases. These

data will be maintained throughout the assessment operation and finally summarized

and stored as a part of the project data. Individual data sets will be established

for entities extracted from existing Navy data bases. Because of many of the attributes
of courses, job, and equipments are subject to frequent change, once extracted they

will be used for processing in relation to a single proposed innovation being evaluated.
The entity will be repeated in a separate data set if it is related to more than one
project. New extraction may be required if the analysis spans a substantial time
period or if the entities are related to a major new program which is being subjected

to frequent change.

MASTER DATA BASE. This set of abbreviated data files is accessible by all projects
and will contain:

Course Abbreviated Data Base Structures. The primary use of the abbreviated data

bases is for searching out entities which match the descriptors formulated through

the assessor's analysis of the target application and interactive prompting using the
taxonomies related to the entity class (e.g., courses). Figure II-3 shows a recommended
Bt:ucéure for courses to be maintained with the project file area of the ETAM Working
ata Base.
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FIELD NAMES

cop
CIN
CST
NOBC
NEC
PC
RMS
TYCRS
SVC
MI
STCD
STDTE
TRAPS
TPC
ATTR
STBK
CLEN
CHRS
CAOB

FIGURE II-3.
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DESCRIPTION

Course CDP Number

Course Identification Number
Course Short Title

Naval Officer Billet Code
Primary NEC Code

Priority Code

Low-Order 3 Digits of RMS Code
Type Course

Service

Method of Instruction

Status Code

Status Date

TRAPS Indicator

Training Program Coordinator
Attrition Rate

Setback Rate

Course Length

Total Contact Hours

Cost per AOB

SAMPLE COURSE ABBREVIATED DATA BASE CONTENTS
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Job Abbreviated Data Base Structure. As with the course abbreviated data base,
the job abbreviated data base will be used to search job/task entities which match
descriptors formulated from the taxonomies for the job/task entity class. A rec-
ommended structure is outlined in Figure II-4.

Equipment (Vehicle Type) Abbreviated Data Base Structure. The inventory of equip-
ments used within naval training would be maintained in the third abbreviated data
base. Figure II-5 shows a recommended structure.
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h FIELD NAMES DESCRIPTION
RATE Rating/Pay Grade

E JTASK Job/Task Code
JNAME Job/Task Name
CBIL Cost per Billet

1 FIGURE II-4. SAMPLE JOB ABBREVIATED DATA BASE CONTENTS
FIELD NAMES DESCRIPTION
SNUM Federal Stock Number |
DDEG Device Designator Number 3
DNAME Device Name |
DCOST Device Cost

FIGURE 11-5. SAMPLE TRAINING VEHICLE ABBREVIATED DATA
BASE CONTENTS
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SECTION II1I
ETAM DEVELOPMENT

This section reports the achievements of the ETAM Phase I1-B effort. Because
full reports on the studies on Scaling and Indexing and the document on
Innovations in Training are available separately, their contents will be
merely summarized here.

PRELIMINARY STUDIES

SCALING PROCEDURES. The objective of this study was to develop procedures
that were simple but psychologically reliabe and valid for enabling an informed
decision maker (or the staff supporting the decision maker) to express the
combined subjective value scales in order to reach a single continuum of
worth or "utility" on which to set and evaluate outcome alternatives. Real
life decisions must often take into account more or less intangible variables
such as "mission success,” or "increased motivation," or "increased capacity
for initiative." Attempts to convert these variables into objective dollar
data, while useful, are inevitably incomplete expressions of the benefit (or
liability) factors inherent in the concept of the variable in real world
enterprise.

The study had to depend on the interpretation of the state-of-the-art in
decision theory and behavioral utility theory rather than on independent
empirical research. The activities therefore consisted of intensive search
and review of an extensive body literature. Much of the literature is
theoretically oriented towards mathematical models attempting to simulate
human decision processes. Some of it is empirically and practically oriented
towards giving the human decision maker better tools that minimize niceties
that have little or no practical value but greatly complicate the mechanics
of the procedure.

Rationales were developed for decision making in the ETAM context. These
included a novel concept, the idea of a "system utility" continuum for the
executive. The anchor point of this continuum was in the present. Another
reference point would be the idealized level of the variable. Still another
would be the projection of the location of the point on the variable into
future states of the system, assuming no change in the process but changes in
the system environment. The projected value of the innovation's contribution
to the variable could then be located with respect to these reference points
and evaluated. This concept shifts the focus of the decision maker from the
classical self-serving basis for utility and choice into an enterprise-
serving reference.

These and related issues became part of the instructional content in the
study report, and are intended to supplement the procedural mechanics for
utility scaling.

A set of scaling procedures consistent with ETAM requirements was developed.
It can be performed manually, with paper formats, but more effectively with
computer interaction. The user is relieved of a variety of paper-shuffling
and computational mechanics, and can readily be refreshed with source data
for making scaling decisions.

ITI-1
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A major finding, almost a consensus, in the practical literature is that the
simplest scaling procedures are as effective as the more complex. This
finding was reflected in the ETAM procedure.

In order to maintain a common sense reference, as well as to be responsive to
individual differences in assessors and decision maker preferences, the ETAM

procedure calls for the global or wholistic (intuitive) method to be used as

a check against the results of the "decomposition" or analytic method.

The final report on this study contains a step-by-step method for the scaling
operations that establish the inputs for the decision tree content. The
report also summarizes the literature that was examined, and contains instruc-
tional rationales for the user's orientation to decision making in the setting
of an enterprise. It is not necessary that the user accept the premises and
rationales, but at least there is a reference for departure from them.

The study personnel undertook some informal sample tests of the procedure in
some mutual and simulated situations. It was found that the procedures are
far easier to perform than to describe--multivariate scaling problems could
be solved in ten to twenty minutes. The results conformed to retrospective
common sense; that is, common sense applied after the procedure had yielded
results. But the procedure took into account more information available to
the user than appeared to be used in global or intuitional methods.

These are not definitive tests, of course. They are cited primarily to
indicate that the procedures are not cumbersome to apply, despite the appear-
ance of the formal presentation of the method.

INDEXING. An innovation or change may affect perhaps some 100 out of the
over 4,000 courses taught by the Navy, or some half-dozen of the hundreds of
Navy instructional vehicle types; or several hundred job-tasks in the tens of
thousands of job-tasks scattered across Navy rates and ratings. The hard way
of finding the targets would be to read through the entire catalog of course
descriptions in Catalog of Nav: Training Courses (CANTRAC), or the huge
Occupational Standards directory and Navy Occupational Task Analysis Program
(NOTAP) listings, or several thousand pages of descriptions of the Navy's
instructional devices.

The easier way would be to attach subject matter descriptors to each of the
entities in these inventories of items; index the particular innovation from
the same set of descriptors, and use this index as a search argument; then,
enter the search argument into a computerized search for matching entities.
This would yield at Teast a preliminary set of candidate entities relevant to
the innovation. Final decisions of relevance would require the human to scan
the context information about the entity such as job-task titles and descrip-
tions, course descriptions, or instructional vehicle descriptions. But the
latter task could be confined to a manageable subset of the total inventory.

The first phase of ETAM developed a taxonomic structure for job-tasks, course
obgectives, qnd instructional vehicles. This classification aimed at identi-
fying essential attributes of the teaching-learning process and its supporting
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elements. One objective of the present study was to try out this classifica-
tion scheme by indexing samples of each of the three inventory types (courses,
job-tasks, vehicles) to determine indexing feasibility. The second phase of
this demonstration was to create a data base structure for automatic search
with sample descriptor-indexed innovations. A second objective was to formu-
late overall strategies, not limited to the automatic phase of convergence,

in determining the full range-of-effect of a proposed innovation. These
strategies of necessity would have to compromise the ideal with the practical.
The third objective, growing out of the first, was to demonstrate at least a
Timited tryout with an interactive computer procedure for entering a search
specification and receiving processed output. The results of the study con-
sisted of a report on recommended indexing procedures and search procedures
and demonstrations of interactive computer processing. (See Appendix A.)

A paper format was prepared for indexing training courses from CANTRAC course
descriptions. The total descriptor set was about 50 terms, grouped into less
than a dozen categories. They were taken directly from the ETAM taxonomy.

The indexer was highly familiar with the meanings of these descriptors and

had some general background in the content of training courses. After several
hours of practice, the indexing task, although difficult, was not overwhelming.
Up to 15 courses could be indexed in an hour. This pace could accelerate

when a given type of course could be identified and matched with a fairly
standard pattern of descriptors. The same experience applied to indexing
job-task titles in the context of rates and ratings in the Occupational
Standards directory, except that a faster pace could be maintained. The more
specific the description and the clearer the context. the faster and more
certain the indexing activity can be. The quality of descriptions of training
devices and their application was highly variable, and this created greater
uncertainty in many cases in the selection of applicable descriptors.

A key factor that enabled coping with ambiguity in selecting descriptors for
an entity was recognizing that the final selection of relevant entities would
not be restricted to automatic search, but to human examination of contextual
information about the entity. This means that automatic search should result
only in excluding from further examination those entities with high probability
of low yield. The indexer's policy therefore was, when ambivalent whether or
not to apply the descriptor to the entity, to apply it. This may later add
an increment of labor to the human in culling it it out manually. But if the
descriptor was, for later range-of-effect determinations, applicable, the
entity would not be lost for inclusion. This policy was also incorporated
into recommendations for indexing the innovation.

The human assessor may choose to bypass the ETAM level of search and go
directly to the applicable Navy data base of courses, job-tasks or inc<truc-
tional vehicles. The coding of job-task titles in the Occupational -tandards
embodies a secondary subject matter index. Occupational Standards listings
are computerized, and their contents can be selectively retrieved, some
interactively. The Tistings are also tied into the computerized NOTAP data
which provide extensive context information about each job-task listed in the
Occupational Standards. Whereas ETAM descriptors are limited primarily to
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task "functions," the NOTAP descriptions include tools and equipment used,
importance and frequency of tne job-task, and other significant details.
They also reference the Navy courses where the requisite skill is trained.

With very minor modifications, and within the limited range of practical
testing applied thus far, the LTAM taxonomy adequately serves the indexing
and search functions. The fact that the descriptor set applied to each of
the three classes of entities i1s restricted to about 50 items, grouped into
meaningful subsets, is a substantial advantage--the entire set can be dis-
played on a single page and scanned in a few moments.

REPORT ON MAJOR INNOVATIONS IN TRAINING TECHNOLOGY. The objective of this
report was a readable and interesting document about changes in training
technology during the past 25 years. The target audience consisted of exe-
cutives and their staff in the field of education and training, as well as
specialists with a need for overviews and background. Emphasis was to be
placed on concepts and doctrines underiying the innovations as well as the
essential features of the innovations themselves. It was to be a comprehen-
sive overview rather than a detailed catalog. The preparation of the report
was a collaborative effort between Dr. Alfred F. Smode of the Navy Training
Analysis and Evaluation Group and Dr. Robert B. Miller of IBM.

The content of the document is not readiiy summarized in a few paragraphs,
but several major topics can be identified. An evolutionary change is shift-
ing training doctrine from teaching about a subject matter to the learning of
skills and competences. Information about the learning process and about
individual differences becomes integrated into "learner-centered" instruction.
Understanding about tasks and skills is reflected in clearer definitions of
training objectives and performance criteria, with improved payoff. Models
of tradeoff variables in training and learning--such as motivation and native
ability as examples--permit greater flexibility and more economical practices.
New social and psychological models of work and the worker can and should be
reflected in the conditions of learning.

A tighter and therefore more economical coupling is being developed in the
sequence of technical activities that begins with the need for a new skill;
the identification of the components of that skill; the preparation of means
for selecting, training and evaluating the learner; and his assignment and
evaluation on the job.

The computer is playing important and diverse roles. It is central to the
control of wide ranges in type of instruction from the format of programmed
instruction to the realistic simulation of entire aircraft missions from
startup to shutdown. It enables, at a cost, the highly realistic performance
of the properties of the vehicle operating under the management of the student
operator in a wide range of environments. But in addition, the computer is a
powerful extension of the instructor in measuring and evaluating behavior, in
changing the level or kind of problem the student has to solve, and in giving
guidance. The instructor becomes a manager of instruction rather than a
mechanic who manipulates the devices of instruction. But the training capa-
bility of the device is nonetheless limited to the instructional purposes and
designs to which it is put, and these depend on human insight and competence.

116-4
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The Navy's training organization is a vast enterprise, with inventories of
thousands of courses, instructors, students, devices, and other resources.
The control and management of this enterprise requires increasing dependence
on the computer and computer models for scheduling resources in coping with
complex and changing demand patterns and varied pipeline inputs. Both
budgetary and time constraints demand effectiveness in operation with high
levels of efficiency. But computer operations demand a variety of standardi-
zations in operation that may conflict with flexibility for the needs at the
moment. The significant innovation is the interactive computer that enables
the human to intervene in the operation or decision which is standard for the
computer program and to modify its output, but doing so with a display of the
consequences of his action before they actually occur. The computer program,
thus, becomes a tool to human judgment in the situation of the moment.

Telecommunications around the world make it increasingly feasible to put
training where the student happens to be rather than having to bring him to
the ciassroom. This capability will be supported by decreasing costs and
miniaturization of computers. It can be anticipated that learning and doing
will become more intimately related in the job environment itself. This will
be another innovation made possible by engineering technology and by possibly
radical changes in the concept of job competence and its relationship to the
learning-training process.

The foregoing are samples of some ideas that thread through the document. The
structure of the report contains several levels of summarization. An early
chapter embeds one level of summarization. Each chapter has its own summary.

ETAM PROGRAM FLOW

ETAM consists of a sequence of data collection, data input, data analysis,
interactive data refinement, computational, and data output steps. The
system is designed to perform on the National CSS timesharing system. The
user interacts with the system in three basic ways.

1 \
1. ETAM is run ‘interactively with the user specifying certain pro-
cessing sequences, data inputs, and output requests in a real-time
mode.

2. User project files are created or updated in batch mode via card
input shipped to a National CSS processing center; e.g., Atlanta,
Georgia. Similarly, the batch mode of operation can be used for
processing the more voluminous output reports which will be run at
the National CSS processing center and shipped to the user.

3 System data bases accessible to each user (and project) are generated,
updated, or printed through system generation/data base maintenance
routines which are part of the main ETAM process flow.

This section describes the major data sources which support the ETAM processing
sequence. The basic model processing steps are also described. Programming
development has been completed through the Range-of-Effect part of the ETAM
processing sequence, therefore, the data files and processing steps described
for Range-of-Effect reflect the operational system. The Assessment part of

the ETAM processing sequence has been completed through the program design

I11-5
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level, therefore, the documentation of that process provides detailed speci-
fications and design guidance for compieting the ETAM program development.
Figure III-1 shows the ETAM project data base files, programs, and their
interrelationships.

PROJECT DATA BASE FILES. The Project Data Base (PDB) stores all initially
entered, prompted, and calculated information for each project being evaluated
by ETAM. Each project is assigned a unique file name (fn); e.g., fn = PN123,
and may have up to twenty-two file types (ft); e.q., ft = ID, ft = SCEN,

etc., associated with each fn. For example, the fn ft called PN123 ID will
store the descriptive text for project PN123. The twenty-two file types

which have been identified for each project are as follows:

ID (Identification). This file contains descriptive informaticn on the
project such as Project Name, Abstract, Objectives, Experimental Results, and
Target Applications. The data are stored in 80-column card image format with
major paragraph headings as identified in the examples above. Blank cards
may be inserted freely to improve readability of output reports containing
exact images of this file. The first card in this file must contain the file
name; i.e., PNnnn anywhere in the first ten columns. Columns 11-80 will
contain the Project Name. An example of the ID file content is shown in
Figure III-2. It can be printed with the P1 print program.

REC (Range-of-Effect, Course). An innovation which has potential application
to Navy courses will be described with one or more course-related descrip-
tors. This file contains initial descriptors assigned by the assessor, or
interim or finalized descriptors resulting from possibly several iterations
of prompting, course searches, and analysis. Each descriptor number, with an
associated sign, is placed anywhere in the first ten position of a card-image
field. Descriptor names are not required as they will be inserted from a
Course Descriptor file during processing. The negative descriptor number is
allowed to perform a NOT logic function during the search operation. An
example of REC file content is shown in Figure I1I-3.

REV_(Range-of-Effect, Vehicle). Instructional vehicles may be affected by
certain innovations. The innovation wiil then be described with vehicle-
related descriptors. Format and use are the same as the REC file. Descrip-
tor names will be obtained during processing from the Vehicle Descriptor
file.

REJ (Range-of-Effect, Job/Tasks). Innovations which may affect certain
Job/tasks within the Navy will be described with job-related descriptors.
Format and use of this file is the same as REC. Again, descriptor rnames will
be obtained from a Job/Task Descriptor file and inserted during procesc ing.

SARG (Search Arguments). This is a non-printable, internally generated file
which provides a map of the REC, REV, and REJ descriptors for subsequent
search of the Abbreviated Data Bases for Courses, Vehicles, and Job/Tasks.
The file contains three 240-character records. The first record contains a

map of the REC(Course) descriptors, two the REV(Vehicle) descriptors, and
;h;$e the REJ(Job/Task) descriptors. The format of the SARG file is as
ollows:

I11-7
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‘ Pos 1- 8 Record 1 = COURSES
[ 2 = VEHICLES
| 3 = TASKS

Pos 9- 10 A fixed binary designation of the number of
descriptors which will be available as search
arguments.

Pos 11-240 115 zeros or signed fixed binary values which
have a positional relationship to the descriptors
for courses, vehicles, or job/tasks; e.g., Pos
11-12 corresponds to descriptor 01, Pos 69-70
to descriptor 30, etc.

The REC file shown in Figure III-3 contained the following search or query
descriptors: 30 31 40 64 -80 -81 83 84 85 86 87. An example of the
; SARG file which relates to the contents of this example REC file is shown in
: Figure I11-4.

RESU (Search Results). This file contains the entities from the Abbreviated
Data Bases which had descriptors matching the search arguments in the SARG
file. The search results can subsequently be refined by adding or deleting
entities.

The format of the RESU file is as follows:

Pos 1 Entity Type; i.e., Course(1), Vehicle(2), Job/Task(3)
Pos 2 Record Type; i.e., Original(1), Added(2), Deleted(3)
Pos 3 Status of Abbreviated Data; i.e., Avail(l), Unavail(2)
Pos 4- 16 Identification of Entity; i.e.,

Course(Type 1)
Pos 4- 11  Course Identification Number(CIN)
Pos 12- 15 Course Data Processing(CDP)
Pos 16 Blank
Vehicle(Type 2)
Pos 4- 16 \Vehicle ID
Job/Task(Type 3)
Pos 4- 8 Rating; e.g., AO, BM
Pos 9- 10 Rank; e.g., 3, CS
Pos 11- 15 Job/Task; e.g., 34410
Pos 16 Blank

An example of the results in RESU from searching the Abbreviated Data Rase
for Courses using the contents of REC is shown in Figure III-5.

The RESU file can be printed either from the P1 print program or from P5.

REE (Range-of-Effect, Extract). This file has the same format as the RESU
file. It will contain all search results except the entities which were
subsequently deleted when the search results were refined interactively.
Thus, it will contain only Original(1) and Added(2) record types. Its pur-
pose is to reflect entities for which additional data are being requested to
be used in the Assessment process. It, therefore, reflects the content of
the printed Extract Reports, except thit the Extract Reports will contain
additional descriptive data obtained from the Abbreviated Data Bases.

11-11 ﬁ
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REC POS

1- 8

9- 10
11- 68
69- 72
73- 88
89- 90
91-136
137-138
139-168
169-172
173-174
175-184
185-240
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RECORD CONTENT

COURSES

1N

A11 plus zeros(29)
+1+]

A11 plus zeros(8)

A11 plus zeros(23)
A11 plus zeros(15)
A11 plus zeros(2)

+1+1+4141+]
A11 plus zeros(56)

DESC NO.

(01-29)
(30-31)
(32-39)
(40)

(88-115)

FIGURE III-4 SARG FILE EXAMPLE

I11-12




TAEG REPORT NO. 40

ERS
TTT CIN CDP

112A 0001110327
111A 2E00130303
111A 2G00140143
112A 4A0025

111A10101087654

FIGURE III-5 RESU FILE EXAMPLE
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EXC (Extract Courses). This file contains the additional data on the courses
matched in the Range-of-Effect search. These data are required to run the
Training Cost Model in order to calculate the cost effects of applying the
benefit pattern, associated with implementing the innovation, to the range of
courses which will benefit from the innovation. The data are presently
planned to be collected from appropriate Navy scurces. Much of the data are
available in NITRAS, however, other data must be collected manually. A list
of the data elements required for each Range-of-Effect selected course is

\ shown in Figure III-6.

EXV (Extract Vehicles). This file contains the additional data on vehicles
matched in the Range-of-Effect search. These data are required to input the
Vehicles Cost Model in order to calculate the effect of implementing an
innovation. The data are presently planned to be collected from appropriate
Navy sources; e.g., the Naval Training Equipment Center, Orlando, Florida.

A list of the data elements required for each Range-of-Effect selected vehicle
is shown in Figure III-7.

EXJ (Extract Job/Tasks). This file contains the additional data on job/tasks
matched in the Range-of-Effect search. These data are required to input the

_ job/task cost model for assessing the cost pattern in the job domain as a

i ‘ result of accepting and successfully implementing the proposed innovation.

These data are presently planned to be collected from appropriate Navy sources;

e.g., Bureau of Naval Personnel, Occupational Standards Development and Navy
Occupational Task Analysis Program. A list of the data elements required for
each Range-of-Effect selected job/task is shown in Figure III-8.

EXD (Extract, Defaults). This file contains technical and cost data which
should be used by the three cost model programs when data are not available
in the appropriate extract file; i.e., EXC, EXV, or EXJ. For exampie, the
input variables required as input to the Training Cost Model were defined
under the EXC file. The model, as presently designed and listed in Appendix
C, contains built-in default values to substitute in the program when the
data requested in the READ operation are missing. Since changes in default
values would require program modification and recompilation, when the final
training cost model is developed the default values should be substituted
with variables which reference the EXD file. Thus, as default values change,
only this file will require updating. Refer to Appendix C, Page C-5 for the
variables identified in the Training Cost Model for which default values will
be required.

BPT (Benefit Pattern). Each innovation being assessed by ETAM will have a
pattern of benefits which can be described and stored in the care-image text
file. Benefit variables, both quantitative and qualitative, and the manner
in which the innovation affects them should be commented upon in this file.
This descriptive information will be used by the assessor in establishing the
model inputs interactively. An example of the BPT file content is shown in
Figure III-9.

CMR (Cost Model Results). The outputs of the three cost models; i.e., Train-
ing, Vehicles, and Job/Tasks, will be stored in this file for use in the
Decision Analysis and Financial Analysis routines.

ITI-14
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REC POS  VARIABLE DESCRIPTION SYMBOL LENGTH FORMAT
1-4 Course Number (COP) cop 4 A4
5-6 Planning Period (Years) N 2 12
7-9 Attrition Rate (PCT) ARATE 3 F3.2

10-13 Training Length (Weeks) TLENGH 4 F4.1

14-15 Recycle Rate RCRATE 2 F2.2

16-18 Ave Recycle Time (Weeks) ARCYTM 3 F3.1

19-21 Weeks School Operates WSCHOP 3 E3.1

22-23 Time Student Position Down (PCT) TSPOSD 2 F2.2

24-27 Instr/Student Positive Ratio INTSPO 4 F4.2

28-30 Admin/Student Position Ratio AMTSPO 3 E3%3

31-33 Equip/Student Position Ratio EQUSPO 3 F3.2
34 Purchase Policy PURCHF 1 I
35 Depreciation Policy DEPF 1 I

36-37 Life of Equipment LOFEQ 2 12

38-42 SQ Feet/Student Position SQFTST 5 F5:..2

43-47 SQ Feet/Instructor Position SQFTIN 5 F5.2

48-52 SQ Feet/Admin Position SQFTAM 5 F5.1

53-56 Course Dev Hours/Course Hour IMDDEV 4 F4.1

57-59 Percent Course Requiring Dev (PCT) PUIMD 3 F3.2

60-61 Percent Instr Mat Maintained (PCT) UPDATE 2 F2.2

62-65 Supplies/Student Position SUPSPO 4 F4.1

66-69 Supplies/Student SUPSTD 4 F4.1

70-73 Misc/Student Position MSCSPO 4 F4.1

74-77 Misc/Student MSCSTD 4 F4.1

78-79 Percent Extra Student Positions (PCT) PESP 2 F2.2

80-83 Time in Medium (Hrs/Wk) TLEGTH 4 F4.1

84-85 Life of Facility LOFFA 2 12

86-88 Week School Available WSHOP1 3 F3.1

89-95 Student Salary (Annual) STUDSL 7 F7.2

96-101 Student Travel Cost To/From STCST1 6 F6.2
102-107 Student Travel Cost in Course STCST2 6 F6.2
108-114  Instructor Salary (Annual) INSTSL 7 F7.2
115-121  Admin Salary (Annual) ADMSL 7 E7.2

122-129 Equipment Unit Cost EQUNTC 8 F8.2
130-132 Pct Max Equip Purchased PCTPCH 3 E85 2
133-137 Facility Cost/SQ FT CPSQFT 5 F5.2

138-142 Cost/Hour of Instr Mat Dev CIMD 5 FS e

143-144  Pct Instr Material Remaining Value EVIM 2 Fz.2

145-149  Supplies Cost CcSupp 5 F5.2

150-154 Miscellaneous Cost CMIS 5 Fb .2

155-157 Discount Rate DRATE 3 F3.3

158-160 Inflation Rate INRATE 3 B33

161-168 Facility Init/Refurb Cost FACST 8 F8.2

169-288 Graduates GRAD(I) 120 2016

289-388 08MN Annual Maint Costs COPMT(I) 100 20F5.0

Record Length = 388 Positions

FIGURE ITI-6. EXC DATA ELEMENTS
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REC POS

1-13

14-15
16

17-18
19-26
27-34
35-37
38-40
41-160
161-260

TAEG REPORT NO.

VARIABLE DESCRIPTION

Vehicle Federal Stock Number
Planning Period (Years)
Equipment Depreciation Policy
Life of Equipment

Equipment Unit Cost

Equipment Installation Cost
Discount Rate

Inflation Rate

Equipment Planned Purchases
O&MN Annual Maint Costs

40

SYMBOL LENGTH FORMAT
VFSN 13 A13

N 2 I2
DEPF 1 I
LOFEQ 2 12
EQUNTC 8 FB.2
EQINSC 8 F8.2
DRATE 3 F3.3
INRATE 3 F3.3
PEQUIP(I) 120 2016
COPMT(1) 100 20F5.0

Record Length - 260 Positions

FIGURE I11-7. EXV DATA ELEMENTS
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REC POS VARIABLE DESCRIPTION SYMBOL LENGTH FORMAT
1-13 Job/Task Identifier JTID 13 «Al13
14-15 Planning Period N 2 12
16-20 Task Performance Time (HRS) TTASK 5 F5.1
21-25 Task Frequency/Person/Year FTASK 5 F5.0
26-27 Pct Officers Performing OPTSK 2 F2.2
28-29 Pct Enlisted Performing EPTSK 2 F2.2
30-31 Pct Civilian Performing CPTSK 2 F2.2
32-34 Error Rate/Freq. Performed ERTSK 3 F3.3
35-42 Non Manpower Cost/Error OERRC 8 F8.2
43-49 Officer Billet Cost OFFSL 7 F7.2
50-56 Enlisted Billet Cost ENLSL 7 F7.2
57-63 Civilian Cost CIVSL 7 F7.2
64-71 Support Cost/Year/Person
Performing SUPPC 8 F8.2

72-74 Discount Rate DRATE 3 F3.3
75-77 Inflation Rate INRATE 3 F3.3
78-197 Annual Personnel Available APERS(I) 120 2016

Record Length = 197 Positions

FIGURE III-8. EXJ DATA ELEMENTS
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1

SOURCE CARD LISTING FOR
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The file is formatted as follows:

Pos 1 Cost Model Type Output; i.e., Training (Courses)(1),
Vehicle(2), Job/Task(3), Risk Projects(4), Course Total(

Vehicle Total(6), Job/Task Total(7), Entity Total (5+6+7)(

Project Total (4+8)(9).
Pos 2- 14 Entity Identifier; e.g. CDP, FSN, "Course Total", etc.
Pos 15- 19 Count of Entities Summarized
Pos  20- 21 Planning Period in Years (Indicate Longest in Summaries)
Pos 22-201 Investment Vector (20-9 Pos $ Fields for 20 Years)
Pos 202-381 Savings Vector (20-9 Fos $ Fields for 20 Years)

RKP (Risk Profile). The introduction of an innovation will have attendant
risks which affect the success probabilities associated with its implemen-
tation and acceptance. The nature and degree of risk will assist in struc-
turing risk reduction projects. A summary of the degree of risk by risk
category, the number of risk projects which have been identified for each
risk category, and the estimated cost of the projects in each risk category
appear at the beginning of the RKP file. There are seven identified risk
categories numbered 1 through 7 in the summary. A number O card contains
header information and a number 8 card gives an overall profile of the risk.
As many number 9 cards as desired can be used to provide descriptive infor-
mation on the nature of the risks in each category. An example of the con-
tents of the BPT file is shown in Figure III-10. This file can be printed
with the P1 print program. E

RRPJ (Risk Reduction Projects). This card-image file contains descriptive

and resource data associated with each risk reduction project proposed. Type

0 records in this file contain the project identification, project name,
date, and dollar value of the project. Type 1 records will contain descrip-
tive data on the project including an abstract, objectives, project plan
milestones, etc. Type 2 through 7 records in the RRPJ file will contain

5
)

specific resource requirements by resource category. Type 2 records are for

personnel resources, Type 3 records are for equipment resources, Type 4

)

8),

records are for space resources, Type 5 records are for staff travel resources,

Type 6 records are for student resources, and Type 7 records are for other
resources.

The file is formatted as follows:
A1l Record Types-

Pos 1 Record Type (0-7)
Pos 2 -

Type 0 Record-

Pos 3- 10 Project Identification
Pos 11- 12 Blank

Pos 13- 58 Project Name

Pos 59- 60 Blank

Pos 61- 68 Date (MM/DD/YY)

Pos 69- 71 Blank

Pos 72- 80 Cost of Project
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Type 1 Record-

Pos 3- 80 Descriptive Data

Type 2-7 Record

Pos ‘3- 47 Resource Descriptive Data
Pos 48- 49 Blank
Pos 50- 58 Resource Quantity Data

Pos 59- 60 Blank
Pos 61- 69 Unit Cost
Pos 70- 71 Blank
Pos 72- 80 Job Cost

An example of the contents of the RRPJ file is shown in Figure III-11.

RRPK (Risk Reduction Packages). The projects defined in the RRPJ file are
grouped into various packages, each of which will have some level of effect

upon the implementaticn and user acceptance success probabilities wnich become

a part of the decision tree evaluation. This file also contains the probability
factors associated with (1) risk package implementation success, (2) effect

upon innovation implementation success, and (3) effect upon success of the
innovation considering its acceptance by the using system. The file is
formatted as follows:

Pos 1 Risk Reduction Package Number (0-9)
Pos 2 -
Pos 3 0 for 1st Card of Any Risk Reduction Package
Pos 4 Blank
Pos 5- 10 Risk Package Designator
Pos 11- 12 Blank
Pos 13- 20 Project Identifier (A Position 1 = 0 Record
has special header info - See Figure I111-12)
Pos 21- 80 Repeat of Pos 11-20
Pos 3 1 for 2nd Card of Any Risk Reduction Package
Pos 4- 12 Blank
Pos 13- 20 PPy, PPy P three pirobabilities related

p

to the expec%ed success of the Risk Reduction
Package. PPp is the pessimistic probability,
PP, the expected, and PP, the optimistic.

PoS 21- 22 Blank

Pos 23- 30 Three probabilities as in Pos 13-20 related
to the expected success of being able to
implement the innovation given that the
identified Risk Reduction Package succeeds.

Pos 31- 32 Blank

Pos 33- 40 Three probabilities as in Pos 13-20 related
to the expected success of gaining user accep-
tance of the innovation, once the innovation
is implemented.

Pos 41- 42 Blank

Pos 43- 51 Planned cost of A1l Risk Reduction Projects in
the particular package.

T, e g+ o 1
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An example of the contents of~the RRPK file is shown in Figure [II-12.

VQAL (Variables Qualitative). This card-image file contains descriptive data
on the qualitative variables impacted by the adoption of the proposed innova-
tion. These data will be reviewed by the assessor along with the cost model
results in the scaling process. In sequence at the beginning of this file

is a list which may have potential for being affected by implementing the
innovation. The format for this part of the file is:

Pos 1- 3 Variable Reference Number 001-998
000 = COURSES 001-399 are reserved for training
related variables. 400 = VEHICLES 401-699 are
reserved for vehicle related variables. 700 =
JOB/TASKS 701-998 are reserved for job/task
related variables. 999 indicates the end of
the variable Tlist.

Pos 4 Blank

Pos 5- 33 Variable Name - Names should be limited to 29
characters to fit in name field of VARF file.

The remainder of the file contains the specific qualitative variables associated
with the project which are planned for incorporation into the Decision Tree
utility outcomes.

The format for this part of the file is:

Pos 1- 3 Variable Reference Number - 001-998
Pos 4 Blank
Pos 5- 80 Descriptive Data - The first of possible multiple

records will contain the Variable Name in Pos 5-33.
Each record related to the same variable will contain
the same Variable Reference Number in Pos 1-3.

An example of the contents of the VQAL file is shown in Figure III-13.

VARF (Variable Reference). Each of the variables, including costs will be

valued during the interactive scaling process. An importance weighting factor
and an equivalent dollar (utility) value will be developed for each of the four
possible decision tree outcomes. The summation of the outcome values stored in
this file for each variable will be used in the decision tree evaluation.

The format of this card-image file is as follows:

Pos 1- 3 Variable Reference Number - a 000 in these positions
refers to the direct cost results from 1) running
the cost models and identifying the savings if the
full benefit pattern is achieved, and 2) interactive-
ly (or in batch) assigning cost/savings which occur
at the Decision Tree outcomes where the full benefit
pattern (and most likely several liabilities) does
not occur.
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A number from 001 through 998 references a qualitative
variable stored in the VQAL project file. The number
999 is reserved for a total of the VARF cost and equi-
valent cost data. This record will be an input to

the Decision Analysis routine's final decision tree
calculation.

Blank

Importance Weighting - this is a two digit number from

1 through 10 which will be used to weight the equivalent
dollars (utility) associated with the variable. It is
inputted via card or developed interactively.

Blank

Decision Tree Outcome A Value - this is the value that
this particular variable takes on after it has been
evaluated in relation tc actual costs, and then
weighted by its importance.

Blank

Decision Tree Qutcome B Value - same as Pos 8-16
except it represents the weighted equivalent dollars
for Outcome B of the decision tree.

Blank

Decision Tree Qutcome C Value - same as Pos 8-16
except it represents the weighted equivalent dollars
for Outcome C of the decision tree.

Blank

Decision Tree Outcome D - always zero, since this
is the Reject outcome on the decision tree.

Blank

Variable Name - the short name for the variable
(001 = COST) from the VQAL project file. A 999
in Pos 1-3 will have the term TOTAL in these positions.

An example of the contents of the VARF file is shown in Figure II1I-14.

SCEN (Scenarios).

This is a file in which descriptions of each of the scenarios

developed for the decision tree outcomes are stored. Up to four scenarios can
be created, although generally the Reject decision path assumes a no change
The contents of this file will be used by the assessor in creating

situation.

the values for each of the decision tree outcomes. The data are stored in
80-column card image format with major subdivisions made for each outcome (A, B,
An example of the SCEN file is shown in Figure III-15.

C and D).
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PAGE NUMBER

SOURCE CARD LISTING FOR
**VARF

FIGURE Il1-14. VARF FILE EXAMPLE
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TRER (Tree Results). The decision variables calculated during the process of

folding back the decision tree are stored in this file. The variables to be
stored in this file are discussed later in the Decision Analysis section. They
are a summary of the information printed on the Decision Tree Report DTO1 which
is an output of Program P60. Each record contains the input and calculated
values associated with a single decision alternative; i.e., the alternative
with NO RISK PKG, and up to nine RISK PKG alternatives. Various calculational
runs can be stored and are given a unique sequence number.

The format of this file is as follows:

Pos 1- 2 Calculational Sequence Run Number - Up to 100
sequences (00-99) can be stored, the 00 sequence
will be the baseline run from the data stored in
the CMR, RRPK, and VARF files.

Pos 3 Risk Package Number within Sequence Run Number -
0 represents the NO RISK PKG alternative. 1-9
represent the nine possible RISK PKG conditions.

Pos 4 Rank of Alternative

Pos 5- 13 Utility of Outcome A

Pos 14- 22 Utility of Outcome B

Pos 23- 26 Probabilities X and Z

Pos 27- 35 Value X

Pos 36- 44 Value Z

Pos 45- 53 Utility of Outcome C

Pos 54- 57 Probabilities W and Y

Pos 58- 66 Value W

Pos 67~ 75 Value Y

Pos 76- 84 Utility of Outcome D

Pos 85- 93 Value of PSUCC Path

Pos 94- 102 Value of PFAIL Path

Pos 103- 104 Probability of Project Success
Pos  105- 113 Value Before Risk Package
Pos 114- 122 Cost of Risk Package

Pos 123- 131 Value of Decision Variable




TAEG REPORT NO. 40

4
L

Pos 132- 133 Blank

Pos 134- 255 Descriptive Data indicating run conditions. Pos
134-141 of the NO RISK PKG alternative (0 in Col 3)
for each Sequence Run Number will have the date of
the run stored as MM/DD/YY.

ALTP (Alternative Projects). This file stores the project identifiers for
potential alternatives to the proposed innovation. Alternative projects will
be described in identical fashion to the primary innovation. The contents

of this file will identify the projects which may be compared by the financial
analysis routine. Up to five alternative project numbers may be stored.

The format of the file which can be inputted by card is as follows:

Pos 1- 5 1st Alternative Project ID; e.g., PN124

Pos 6 Blank

Pos 7- 11 2nd Alternative Project ID

Pos 12 Blank

Pos 13- 17 3rd Alternative Project ID

Pos 18 Blank 1
Pos 19- 23 4th Alternative Project ID

Pos 24 Blank

Pos 25- 29 5th Alternative Project ID

An example of the contents of this file is shown in Figure III-16.

FINR (Financial Results). The outputs of the financial analysis routine comparing
various alternative innovation proposals are stored in this file. The variables
to be stored in this file are discussed later in the Financial Analysis section.
They are a summary of the information printed on the Financial Analysis Report
FAOT which is an output of Program P63. The contents of this file are printed

on the Financial Analysis Summary Report FAO2. Various calculational runs can

be stored and given a unique sequence number.

The format of this file is as follows:

Pos 1- 2 Calculational Sequence Run Number - Up to 100
sequences (00-99) can be stored, the 00 sequence
will be the baseline run from the data stored in
the CMR files. -

Pos 3 Sequence Number (0-5) relating to sequence of
project number in ALTP file being compared with
the primary project. A 0 sequence number is the
data on the primary project.

I11-31
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PAGE NUMBER : 1
SOUR?E CARD LISTING FOR
SSALTP

SEALTP
PN124 PN125 PN126 PN127 PN128

FIGURE [11-16. ALTP FILE EXAMPLE
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Pos 4- 8 Project Identifier; e.g., PN123 for primary
Y project (0 in Pos 3), PN124 for first alter-
native project (1 in Pos 3), etc.

Pos 9- 10 Project Life in Years

Pos 11- 16 Total Present Value (PV) of New Investment ($K)
Pos 17- 22 Total PV of Recurring Cost/Savings ($K)

Pos 23- 28 Net Present Value ($K)

Pos 29- 30 Discount Rate (Percent)

Pos 31- 34 Savings/Investment Ratio

Pos 35- 37 Rate of Return on Investment

Pos 38- 43 Uniform Annual Cost

Pos 44- 45 Blank

'Pos 46- 255 Descriptive data indicating run conditions. Pos

46-53 of the first record in every sequence (0 in
Col 3) will have the date of the run stored as
MM/DD/YY.

Project Data Base Application Summary. The files outlined for the project data
base will contain data associated with a single analysis of the proposed innova- 1
tion. Data input and computational changes can be made and stored until the :
assessor is satisfied with the results at that point in time. No attempt is *

made to store historical data, although this can be accomplisied merely by copying
each of the project files under a different identifier. The intent, however, is

to produce a project report reflecting the assessment results at a point in time.
If subsequent reassessment is desirable because factors or conditions have changed,
new data input and computational results will be written over previously stored
data.

ETAM PROCESSING SEQUENCE. Two major processing sequences are involved in the
use of ETAM. These are in addition to the processing required to initially
establish the project data base through card input. The first major sequence :
is Range-of-Effect. In Range-of-Effect, the assessor identifies search descrip- |
tors which will be matched to the abbreviated data bases in order to discover |
entities; i.e., courses, vehicles, and job/tasks, that may have potentiai appli-

cation for the proposed innovation. Initial search descriptors can be entered

into the REC, REV, and REJ files via card. The assessor can then interactively |
refine these search descriptors based upon search results. If the matched |
entities do not appear appropriate, the assessor can interactively add or delete |
to create a final entity 1ist which will be the basis for obtaining additional
data for the assessment process. The output of the Range-of-Effect processing
sequence is a list of entities about which additional data must be collected.
The entity lists, along with preprinted data collection forms, are forwarded to
the appropriate Navy source in order to obtain these additional data. The data |
collected are returned, punched into cards, and loaded into extract files EXC, 3
EXV, EXJ, and EXD. This process completes the Range-of-Effect portion of ETAM.
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The second major ETAM processing sequence involves an assessment of the innovation.
The Assessment sequence involves the application of the apparent benefit pattern,
accruing from the innovation, to the quantitative and qualitative variables which
will be evaluated during the Assessment processing sequence. With the benefit
pattern established, cost models can be run and the results stored for subsequent
use by either the Decision Analysis or the Financial Analysis programs. During
the Decision Analysis part of the Assessment program, the assessor interactively
assesses certain decision tree parameters in order to calculate decision variables
for potential decision routes. In the Financial Analysis part of the Assessment
program, certain financial factors are calculated which gives the decision maker

a different perspective in evaluating the innovation than was gained from the
Decision Analysis program. These two programs comprise the major part of the
Assessment processing sequence. Following is a brief description of each of the
steps which the assessor can take as a part of the ETAM innovation evaluation
process.

Figure I11I1-17 provides a descriptive summary of the various ETAM steps. The
figure includes references to project data base files and programs which are
an integral part of the ETAM processing sequence.

Create Project Files. At the inception of the project, as much information as
is available should be entered into the project file. Thirteen of the Project
Data Base files can be created from punched cards in batch mode. They can
subsequently be revised by reentering the new file content via card, or inter-
actively modifying any file using the National CSS Edit program.

o} Operation: Batch or Interactive

0 Files : ID, REC, REV, REJ, EXD, BPT, RKP, RRPJ, RRPK, VQAL, VARF,
SCEN, ALTP

o Programs : P17

Review Project Files. Project descriptive data is reviewed by the assessor.
This could include reference to previously printed project data as well as
to information on alternative projects. This is not necessarily limited to
a review of the ID file.

0 Operation: Manual

0 Files : 1D, REC, REV, REJ, BPT, RKP, RRPJ, VQAL, SCEN, ALTP
0 Programs : Pl to print Project Data Base files (if not already
available).

Refine Search Descriptors. The search descriptors initially identified for the
innovation can be refined interactively by the assessor in order to create a
final pattern used to search and obtain additional information in the abbreviated
data bases.

0 Operation: Interactive
Files : REC, REV, REJ, SARG
0 Programs : P2

o

search. The results of the refinement of the search parameters in files REC,
REV, and REJ are used to search the abbreviated data bases (Course, Job/Task,
and Vehicles) for matching descriptors. The results are stored in a temporary
file for subsequent refinement by the assessor.

I11-34
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0 Operation: Interactive
0 Files :  SARG, ABBREVIATED DATA BASE, RESU
0 Programs : P3

Refine Searched Items. The entities in the abbreviated data bases which match
the search parameters are reviewed and refined by the assessor. This is accom-
plished through interactive reference to the temporary file where the search
results are stored. Additions and deletions made at this time are flagged and
the final results are (1) stored in project file REE, and (2) printed for trans-
mittal to other Navy personnel for completion.

0 Operation: Interactive
0 Files i RESU, REE
0 Programs : P5A prints the search results
P5B accesses the search results for editing.

Prepare Extract Forms. The final results of the search and subsequent inter-
active refinement produce the entities potentially impacted by the proposed
innovation. Before the assessment process can begin, additional data will
generally be required. Printed extract forms onto which the additional infor-
mation can be written are prepared and forwarded to the appropriate Navy per-
sonnel for completion.

0 Operation: Interactive and Manual
0 Files 4 REE
0 Programs : P5C

Complete Extract Forms. Lists of entities obtained through the search and
subsequent edit will be forwarded to responsible Navy functions where additional
data regarding costs, usage, etc., can be obtained. Training information source
would be Chief Naval Education and Training for NITRAS data, vehicle data source
would be the Naval Training Equipment Center for Training Device Statistical
Data, and the job/task source would be the Bureau of Personnel for Navy Occupa-
tional Task Analysis Program data.

0 Operation: Offline Batch or Manual
0 Files . None
0 Programs : Tape Utility, Report Generator, etc.

Update Extract Files. Additional information entered on the printed extract
forms is keypunched and loaded into the project files EXC, ECV, and EXJ.
Where certain data are not available, an entry will be made in the EXD file
to indicate the appropriate default condition.

0 Operation: Batch
0 Files ¢ ERCs EXV, EXds EXD
0 Programs : P10, P11, P12, P17

Review Benefit Description. A pattern of potential benefits associated with the
introduction of the proposed innovation will have been described and stored in
project file BPT. The assessor reviews these data in preparation for modifying
appropriate cost model variables.

0 Operation: Manual
0 File : BPT
0 Programs : P1 to print BPT file (if not already available).

[11-36
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Apply Benefit to Costs. The descriptive benefit pattern must be quantitatively

defined by the assessor to the appropriate cost model. This is accomplished by

interactively operating upon the cost model input variables prior to = aning the
model(s). This step results in the creation of a temporary file containing cost
model input data.

0 Operation: Interactive
) Files : EXC, EXV, EXJ, COST MODEL INPUT
0 Programs : P51

Run Cost Models. The assessor now invokes the appropriate cost model(s) and
the model outputs are printed and stored in project file CMR.

0 Operation: Interactive
0 Files : COST MODEL INPUT, EXD, CMR
0 Programs : P51, P52, P53, P54

Review Risk Profiles. The next major ETAM stage is assessment and introduction
of risk factors. The assessor prepares for this part of the process by reviewing
the contents of project file RKP which contains risk profiles for each of the
risk categories; e.g., state-of-the-art, technical support, etc.

Operation: Manual
Files : RKP
o Programs : P1 to print RKP file (if not already available).

o O

Review Risk Reduction Projects. A number of projects will have been structured
to reduce the potential risks in each of the risk categories associated with the
implementation and use of the innovation. The assessor reviews these in associ-
ation with the risk profiles previously identified.

0 Operation: Manual

0 Files :  RKP, RRPJ
o Programs : P1 to print RKP and RRPJ files (if not already
available).

Group Risk Reduction Projects. All of the risk reduction projects identified may
not be economically feasible to undertake. A better cost-benefit effect may be
obtained by selecting a group of the risk projects for implementation. Available

resources will undoubtedly be a major determinant of the number of projects under-
taken. The assessor reviews the risk profiles and risk reduction projects (project

files RKP and RRPJ) and identifies various packages of projects which appear
reasonable to undertake. Interactively, the groupings can be made to which the
assessor must attach certain probabilities and probability ranges (confidence

ranges). The first probability and confidence range to be estimated is associated

with the expected success of the project package itself. If unique talent is
required to undertake the projects, this probability would be low. The second
probability estimate is associated with the expected success in implementing the
innovation. An implementation success probability will be estimated considering
no risk reduction project package is undertaken. Assumedly, each package of
projects identified will improve this probability estimate to some degree. A
confidence range is also estimated. The third probability estimated is that of
success in obtaining acceptance by the using system. Again, this probability
will be estimated under the assumption of no risk reduction project packages.
Then, a new probability will be estimated for each package considering its effect
upon the using system's acceptance of the innovation. This estimate will include
a confidence range.
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0 Operation: Interactive
0 Files :  RKP, RRPJ, RRPK
0 Programs : P56 (P59 may be called)

Review Qualitative Variables Affected. The descriptions of the qualitative
variables, e.g., morale, safety, etc., are reviewed by the assessor in preparation
for the scaling operation. These descriptions are stored in project file VQAL.

0 Operation: Manual
0 Files : VQAL
0 Programs : P1 to print VQAL file (if not already available).

Scale Qualitative Variables. In this step, the assessor develops relative values

for each of the relevant qualitative variables as well as the cost/savings variable
previously calculated. This is an interactive process, with the assessor being
prompted into estimates of the present and potential states at each outcome of

each relevant variable. An importance value is assigned to each attribute (variable)
which permits subsequent relevant values (e.g., equivalent dollars) to be attached to
each attribute at each possible outcome.

0 Operation: Interactive
0 Files : CMR, VQAL, VARF
0 Programs : P58

Review Qutcome Scenarios. The assessor must now visualize the effects of intro-
ducing the innovation in each of the potential outcome situations, i.e., (1) it

is implemented and accepted by the using system, (2) it is implemented but fails
to gain acceptance by the using system, (3) it fails to be implemented after being
accepted, or (4) it is rejected. These scenarios if previously developed are
described in project file SCEN.

e} Operation: Manual
0 Files :  SCEN
0 Programs : P1 to print SCEN file (if not already available).

Create Outcome Values. An equivalent dollar value or utility is now developed
for each of the four decision tree outcome states. This is performed inter-
actively by the assessor using costs from previous model runs, liability costs

or shutdown costs developed for each outcome where the innovation is accepted

but does not succeed in either implementation or using system acceptance, point
estimates and importance estimates identified in the scaling of qualitative
variables step, and judgments developed during the interactive process. The final
outcome totals will be used in the folding back of the decision tree to develop
the decision variables.

) Operation: Interactive
0 Files :  CMR, VARF, SCEN
0 Programs : P58

Assign Probabilities. The remaining input to the decision tree is the finalized
set of probabilities associated with each mode of the tree. These were initially
developed in conjunction with the step in which risk reduction projects were
grouped into various packages. The assessor on an interactive basis reviews and
refines these probabilities.
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0 Operation: Interactive
) Files : VARF, SCEN
0 Programs : P59

Run Decision Analysis. The assessor invokes the decision tree evaluator which
computes the expected value for each possible decision path. The computation
simply folds back the tree based upon the outcome values and the node probabilities.
A decision variable is calculated for the decision path where the proposed innova-
tion is accepted without performing any of the risk reduction projects, as well

as for each decision path involving a group or package of risk reduction projects
which would be expected to be undertaken. The results of the decision tree evalu-
ator program run are printed and also stored in the project file TRER.

0 Operation: Interactive
Files :  CMR, RRPK, VARF, TRER
0 Programs : P60

o

Review Alternative Projects. If alternatives to the primary innovation have been
proposed, they should be reviewed by the assessor at this time. It is assumed that
most of the previous steps will have been considered for each of the alternative
proposals. If calculation of decision tree variables for an alternative proposal
indicates in of itself it should be rejected; it would not generally be considered
in any comparative financial analysis with the primary proposal or other promising
alternative proposals. The identifiers for alternative proposals to be reviewed

at this time are stored in project file ALTP.

o Operation: Manual

0 Files : ALTP, OTHER PROJECT DATA BASE FILES REFERENCED BY
ALTP

0 Programs : P1 to print ALTP and other PROJECT DATA BASE files
(if not already available).

Run Financial Analysis. This step takes the incremental cost/savings data
associated with each proposed innovation (primary and alternatives) and calcu-
lates a set of financial measures (e.g., rate of return, etc.) when comparing
the proposal to the existing system. Marginal measures of return can be cal-
culated comparing two proposals. The assessor sets up the run conditions and
invokes the financial analysis routine. The results of these program runs are
stored in project file FINR.

0 Operation: Interactive
) Files : ALTP, CMR (from Primary and Alternative projects), FINR
) Programs : P62, P63

Processing Step Summary. The ETAM steps have described more or less in a logical
sequence for performance by the assessor. A major intent in developing the ETAM
procedures was to foster an efficient as well as effective decision process.

This requires that the steps previously outlined be performed iteratively with
increasing amounts of data, the collection of which appears justified at each
iterative stage. Therefore, the assessor should take advantage of the capability
for randomly assessing any of the routines and running them given some level of
valid data inputs can be developed.
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ETAM PROGRAM FUNCTIONS

The ETAM process sequence previously described is a composite of manual, com-
puter batch, and computer interactive steps which require system files, project
data base files, and computer programs. The Project Data Base files were out-
lined in the preceding section. The programs which were developed for the ETAM
Range-of-Effect function are summarized here, and documented in detail in Appendix
D. This section outlines the design requirements for compieting the programming
development of the ETAM Assessment function.

ETAM CONTROL EXEC. ETAM programs can be run through individual EXEC's which call
each program. For example, entering RUNP] PN123 at the terminal would call the
RUNP1 EXEC supplying it with the parameter PN123 as the Project Identifier. The
RUNP1 EXEC would in turn call Program Pl which would permit the files in the
Project Data Base to be printed. However, the ETAM processing sequence can be
controlied through the ETAM EXEC which is called by entering ETAM at the terminal.
The ETAM EXEC prompts the user in the selection of the project and programs to
be accessed. The logic of the ETAM EXEC is shown in Figure III-18. Each of the
terminal displays is numbered 1 through 8. The content of each display is shown
in Figure III-19. Since programs for the Assessment function are not developed,
the user will have displayed "PROGRAM NOT INSTALLED" anytime an attempt is ma@g
to call MODEL, RISK, DECISION or FINANCIAL (Assessment-Select Option, Disp #7

in Figure III-19).

Besides permitting selection of the two primary ETAM functions; i.e., Range-of-
Effect or Assessment, the ETAM EXEC 1) checks for existence of the Project
Identifier inputted by the user, 2) permits generation of a new Project Data
Base by calling Program P17, 3) permits printing of the Project Data Base by
calling Program P1, or 4) displays instructions for the user.

Project Identifier Existence. When the ETAM EXEC is called by entering ETAM,
a Project ID is requested. The existence of the ID entered is checked through
a system procedure within the ETAM EXEC which looks for an ID File Type with
the Project ID as the File Name. The system requires that all Project ID's
begin with a non-numeric character, however, the ETAM convention is to begin
each Project ID with the characters PN and follow it with three numeric desig-
nators; e.g., PN123. No system checks will ensure this format is followed by
the user, although the EXEC prompting message provides this format in the
example. Thus, if an ID fiie exists with the entered Project ID, the user can
continue through the ETAM evaluation process. I[f the Project ID does not already
exist, the user will be given the option of generating a new Project Data Base
using Program P17.

Program P17 (Project Generation). In order to generate a new Project Data Base,
a LOAD File Type with the new Project ID as the File Name must exist in the
user's workspace. It may have been entered through an OFFLINE READ of the

cards constituting the project files, or it could have been created from the
terminal using the NCSS Edit Procedures.

The first card of the LOAD file must contain INIT in the first four positions.

The second card of the LOAD file must contain **ID in the first four positions.

The third card must contain the Project ID anywhere within the first ten positions,
and should contain the name of the new project in Pos 11-80. Fiqure 111-20
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DISP # DISPLAY CONTENT

1 ENTER PROJECT IDENTIFIER, E.G., PN123 (5 CHARACTERS)

2 PROJECT DOES NOT EXIST.
GFNERATE NEW FILE? ? ?
1} ¥ES
2) NO
ENTER: 1 OR 2

3 SELECT OPTION.
1) ROE
2) ASSESS
3) PRINT
4) NEW PROJECT |
5) INSTRUCTIONS {
6) QUIT i
ENTER: 1 .06

4 ETAM INSTRUCTIONS
OPTIONS 1 THRU 6 PERMIT SELECTION OF THE FOLLOWING ETAM
FUNCTIONS.

1 WILL CAUSE ENTRY INTO THE ETAM RANGE-OF-EFFECT FUNCTION
FOR:

RUNNING DESCRIPTOR EDIT PROGRAM
SEARCHING ABBREVIATED DATA BASES
PRINTING SEARCH RESULTS

4 RUNNING SEARCH EDIT PROGRAM
RUNNING PRINT EXTRACT PROGRAM

2 WILL CAUSE ENTRY INTO THE ETAM ASSESSMENT FUNCTION FOR:
SETTING UP MODEL INPUTS FOR MODEL RUN
PACKAGING RISK REDUCTION PROJECTS
RUNNING DECISION ANALYSIS PROGRAMS
RUNNING FINANCIAL ANALYSIS PROGRAMS

3 WILL PERMIT PRINTING OF PROJECT DATA BASE FILES

4 WILL CAUSE A RETURN TO THE BEGINNING OF THE ETAM CONTROL
‘ EXEC SO THAT A DIFFERENT PROJECT ID CAN BE ENTERED

5 WILL CAUSE THESE ETAM INSTRUCTIONS TO BE REPRINTED

6 WILL END ETAM EXEC CONTROL AND RETURN TO NCSS CONTROL

FIGURE II11-19. ETAM CONTROL EXEC DISPLAY PATTERNS
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RANGE-0
1) EDI
2] SER
8) PRI
4) EDI
5) PRI
6) QuI
ENTER:

CONTINU
1) YES
2) NO
ENTER:

ASSESSM
1) MOD
2) RIS
3) DEC
4) FIN
5) Qul
ENTER:

CONTINU
1) YES
2) NO
ENTER:

FIGURE III-19.
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DISPLAY CONTENT

F-EFFECT -~ SELECT OPTION.
T DESCRIPTOR
RCH
NT SEARCH
T SEARCH
NT EXTRACT
T
| SERE

E ROE TO SELECT OTHER ROUTINES? ? ?

1 0R 2

ENT - SELECT OPTION.
EL ?
K
ISION
ANCIAL
T
B oeus B

E ASSESS TO SELECT OTHER ROUTINES? ? ?

1 OR 2

ETAM CONTROL EXEC DISPLAY PATTERNS (Cont'd)
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CSS
4o .43,.16 RUNPL7 PN123

PROJECT NAMEDL PN123 DOES NOT YET EXIST,
IS THIS CORRECT? (RESPOND YES OR QUIT)

| YES

? OUTPUT TO GO TO TERMINAL, OFFLINE PRINTER, BOTH, OR NUIT?
ENTER TERM, PRTR, BOTH, OR QUIT
PRTR

SEXECUTION:
PROJECT FILE INITIALIZATION PROGRAM IS STARTING

LOALD OF PROJECT FILETYPE : ID - PROJECT DESCRIPTION

LOAD OF PROJECT FILETYPE : REC - COURSES ROE SEARCH ARGUMENTS
LOAD OF PROJECT FILETYPE : BPT - BENEFIT PATTERN

LOAD OF PROJECT FILETYPE : RKP - RISK PROFILE

LOALD OF PROJECT FILETYPE : RRPJ - RISK REDUCTION PROJECTS
LOAD OF PROJECT FILETYPE : SCEN - SCENARIOS

LOAD OF PROJECT FILETYPE RRPK - RISK REDUCTION PACKAGES
LOAD OF PROJECT FILETYPE : VQAL - VARIABLES QUALITATIVE

LOAD OF PROJECT FILETYPE : VARF - VARIABLE REFERENCES

LOAD OF PROJECT FILETYPE : ALTP - ALTERNATE PROJECTS

FILE : REJ HAS BEEN INITIALIZED WITH ONE (1) BLANK RECORD

FILE : REV HAS BEEN INITIALIZED WITH ONE (1) BLANK RECORD

FILE : EXD HAS BEEN INITIALIZED WITH ONE (1) BLANK RECORD
#:% ALL DATASETS INITIALIZED #*#

#:% TOTAL NUMBER INPUT CARDS READ : 461 #%

PROJECT FILE INITIALIZATION PROGRAM IS NOW TERMINATING

FIGURE 111-20. EXAMPLE OF PROGRAM P17
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shows an example run of Program P17 which, in this case, was called by the
RUNP17 EXEC with the new Project ID as a parameter. The Project ID parameter
would have been passed automatically if the RUNP17 EXEC were called by the
ETAM EXEC.

Thirteen file types can be loaded using Program P17. These are Iisted in
Figure 111-20. Any of these files for which data do not exist in the LOAD

File Type will be automatically initialized at this time by Program P17. When
data are available for the missing files, or previously created files are to

be modified, Program P17 will be used again. The difference between this
process and the initial Project Data Base generation procedure is that the LOAD
File Type for an update will not contain the INIT card.

Program P17 gives the user the option of listing the new Project Data Base con-
tents at either the terminal or the printer, or both. The user should obtain the
initial Project Data Base listing in this manner.

Program P1 (Project Data Base Print). Program Pl permits the user to list any

one or all of twenty-one of the twenty-two files in the Project Data Base (the

SARG file is not listed). The output can be directed to either the terminal

or offline printer, or both. While the option to print ALL Project Data Base

files is available to the user, it can not be used until all the Project Data

Base files printed by Program P1 have been opened. Figure III-21 shows and example
run of Program P1 as called by the RUNP1 EXEC. When ETAM is entered through the
ETAM EXEC, running of Program P1 is one of the select options.

ETAM Instructions. The instructions which will be displayed to the user were
shown in Figure III-19, Disp #4.

ETAM RANGE-OF-EFFECT. The Range-of-Effect is a major ETAM function which
attempts to identify potential applications for a proposed innovation. The
methodology is based upon a capability of assigning descriptors to the innova-
tion which serve as search parameters to data bases having courses, vehicles,
and job/tasks to which the same set of descriptors have been associated. The
descriptors were developed in such a way that a match between a search descrip-
tor assigned to the innovation, and an entity index descriptor assigned to a
course, for example, should represent a potential application for the innovation.
The descriptor sets are discussed in Appendix A of this report. The purpose of
this section is to describe the programs for accomplishing the major Range-of-
Effect objectives, which are to:

1. Assign descriptors to the proposed innovation based upon the
descriptor taxonomies outlined in Appendix A.

2. Search the Abbreviated Data Bases for courses, vehicles or
job/tasks (whichever are appropriate to the potential applica-
tion of the innovation), and select a set of entities which
match the search parameter logic.

3. Print a list of the selected entities, then refine the list by
adding or deleting items based upon a broader perspective of
the entity characteristics than is embodied in the index descrip-
tors, and finally print the 1ist of entities requiring additional
data for the ETAM Assessment phase.
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CSS

¥9.18.59 RUNP1 PN123

PROJECT NAMED PN123 ALREADY EXISTS,

IS THIS CORRECT? (RESPOND YES OR QUIT)

YES

95599

GENERAL-PURPOSE PROJECT FILE PRINT
PROGRAM 1S NOW STARTING,,.

%% ENTER FILETYPE FOR OUTPUT, MENU,

_MENU
PROJECT FILETYPES FOR OUTPUT ARE :

ID - PROJECT DESCRIPTION
EXD ~ EXTRACT DEFAULTS
BPT ~ BENEFIT PATTERN
RKP - RISK PROFILL

RRPJ = RISK REDUCTION PROJECTS
RRPK - RISK REDUCTION PACKAGES

VQAL - VARIABLES QUALITATIVE
VARF - VARIABLE REFERENCES
SCEN - SCENARIOS

ALTP - ALTERNATE PROJECTS

OR QUIT

REC - COURSES ROE SEARCH ARGUMENTS
REV - VEHICLES ROE SEARCH ARGUMENTS
REJ - TASKS ROE SEARCH ARGUMENTS

RESU - ROE TOTAL SEARCH RESULTS

REE - ROE SEARCH RESULTS
EXC - EXTRACT DB - COURSES
EXu EXTRACT DB - JOBTASKS
EXV - EXTRACT DB - VEHICLES
CMR - COST MODEL RESULTS
TRER ~ TREE RESULTS

FINR ~ FINANCIAL RESULTS

FIGURE 111-21. EXAMPLE OF PROGRAM P1
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%% ENTER FILETYPE FOR OUTPUT, MENU, OR QUIT i
REC

OUTPUT TO GO TO TERMINAL, OFFLINE PRINTER, BOTH, OR QUIT
ENTER TERM, PRTR, BOTH, OR QUIT
_BOTH
PAGE NUMBER : 1
LISTING OF PROJECT FILE CONTENTS
PH123 / REC - CGURSES ROE SEARCH ARGUMENTS
3¢ OPERATIONS
31 MAINTENANCE
4g EQUIPMENT & OBJECTS USED: REAL
64 PROCEDURE FOLLOWING
-8 ORIENTATION, FAMILIARIZATION
-81 TASK NOMENCLATURE, IDENTS, LOCATIONS, FACTS,
82 TASK FORMATS AT CONCEPTUAL LEVEL
83 PROCEDURES AT VERBAL LEVEL ONLY

84 TASK COMPOMNENTS WITH GUIDANCE

85 ENTIRE JOB-TASK PROCEDURALLY AT BARELY ACCEPTABLE MASTERY

86 HIGHLY PROFICIENT IN WORK CONTEXT

A TOTAL OF 11 RECORDS ARE PRESENT
WITHIN THIS FILE

FIGURE I111-21. EXAMPLE OF PROGRAM P1 (Cont'd)
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## ENTER FILETYPE FOR OUTPUT, MENU, OR QUIT #%#
RESU

OUTPUT TO GO TO TERMINAL, OFFLINE PRINTER, BOTH, OR QUIT

ENTER TERM, PRTR, BOTH, OR QUIT
_BoTH

PAGE HUMBER : 2

LISTING OF PROJECT FILE CONTENTS
PHN123 / RESU - ROE TOTAL SEARCH RESULTS

THE FOLLOWING IS ROE RESULT DATA FOR COURSES

NUM ORIGIN CIN cop COURSE TITLE
1 DELETED Alg2d8p68 NONE (NO ABBREVIATED FILE
2 DELETED A1024#93 NONE (NO AGBREVIATED FILE
3 DELETED Alfg2gg95 NONE (NO ABBREVIATED FILE
4 ORIGINAL A193gg5f 2213 INERT NAV PRINC
5 ORIGINAL A242¢41g 6529 IS A
6 ORIGINAL A412¢g1¢ 078 EA-A
7 ORIGINAL Au4l124014 6287 EA A
FIGURE I111-21. EXAMPLE OF PROGRAM P1 (Cont'd)
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19
11
12
13
14
15
16
17
18
19
2§
21
22
23
24
25

206

ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
CRIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGIHNAL
ORIGINAL
ORIGINAL
DELETED

ORIGINAL
ORIGINAL

ORIGINAL

FIGURE IlI-2I.

AG31g(11
AL31¢4f14
A4330019
A4 337025
A4913¢814
A5514p19
A5514027
A55100168
ASBHAP 16
AbS51dgd24
AbS524#5H
A6520068
AG7A¥PI11
A781g§27
A72ppp13
B3g3¢A51
C gp3722
C #@3722
C gg3722

TAEG

1435
1436
2444
2082
2046
g133
3931
P13k
bys53
5399
5224
L6 3E
3978
337M
4667
NONE
2887
9gu7
9699

EXAMPLE OF PROGRAM P1 (Cont'd)

REPORT NO. 40

EOD BASIC NAVY
EOD REFR NAVY
MASTER DIVQUAL
DIVER FIRST
RADIUM REMOV OPS
CAR HAND BAS
UNREP MECH/HYD
FORK LIFT OPER
CTO A

124y PSI BT

OX GENR 6L16fP
SOLAR GAS TURBIN
WATCH REPAIR
WELD/HPRES PIPE
uT=J

(NO ABBREVIATED FILE DATA AVAILABLE)
TA4JF FAM PILOTS
TA4LJF FAM PILOTS

TA4LJF FAM PILOTS
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PAGE NUMBER

LISTING OF PROJECT FILE CONTENTS
/ RESU - ROE

PN123

THE FOLLOWING
NUM ORIGIN

27 ORIGINAL
28 ORIGINAL
29  ORIGINAL
38 ORIGINAL
31  ORIGINAL
32 ORIGINAL
33 ORIGINAL
34 ORIGINAL
35 ORIGINAL
36 ORIGINAL
37 ORIGINAL
38 DELETED
39 DELETED
48 DELETED
41 DELETED
42 DELETED
43 DELETED

L4 DELETED

FIGURE (l1-21.

3

CIN
C gp3722
C #p3722
€ 2C3352
clppg383u
C1g23793
C1g23793
C1213§11
1213011
cogpsuz2
C6P23536
Co463103
D 2Ccggll
E 2A1841
£ 2A1301
E 2A1803
E 2Cg9d1
E 204016
E 200075

TAEG REPORT NO. 40

IS ROE RESULT DATA

cop
914
9738
2576
7529
7914
7915
346L
S544L
34gcC
341D
7365
NONE
NONE
NONE
NONE
NONE
NONE

NONE

TOTAL SEARCH RESULTS

FOR COURSES
COURSE TITLE

TA4JF FAM PILOTS
TA4LJF FAM PILOTS
UHIN A/C FAM/P/
AAS18 INT MAI
A7AB ATT HEADING
A7AB ATT HEADINEC
AWM23 RADIO FREQ
AWM23 RADIO FREO
E2C WEA SYS FAM
S4H6F77 PROP INT
CVA/CV ALW SUPV
(NO ABBREVIATED
(NO ABBREVIATED
(NO ACBREVIATED
(NO ABBREVIATED
(NO ABBREVIATED
(NO ABBREVIATED

(NO ABBREVIATED

FILE

FILE

FLLE

FILE

PLCE

FILE

FILE

EXAMPLE OF PROGRAM P1 (Cont'd)

111-50 . "“___4- |

DATA
DATA
DATA
DATA
DATA
DATA

DATA

AVAILABLE)
AVAILABLE)
AVAILABLE)
AVATLARLE)
AVAILABLE)
AVAILABLE)

AVAILABLE)



45

46
47
4y
49
54
51

52

LISTI

NUM

53

54
55
56
57
54
59
64
61

Ll
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DELETED E6f1§219 NONE (NO ABBREVIATED FILE
DELETED EL461641 NONE (NO ABBREVIATED FILE
DELETED F79p@p18 NONE (NO ABBREVIATED FILE
DELETED H 2E371§ NONE (NO ABBREVIATED FILE
DELETED J13g@645 NONE (NO ABBREVIATED FILE
ORIGINAL J221§357 538Q MULTI-THREAT TNG
ORIGINAL J233g2@3 2637 ADV EV OP'S CRSE
ORIGINAL J243¢974 2181 IPC
PAGE HNUMBER 4
NG OF PROJECT FILE CONTENTS
PMN123 / RESU - ROE TOTAL SEARCH RESULTS
THE FOLLOWING IS ROE RESULT DATA FOR COURSES

ORIGIN CIN CoP COURSE TITLE
DELETED J8yPp433 NONE (NO ABBREVIATED FILE
ORIGINAL K233¢066 2f5Y SUB EW OP-ADV
DELETED L1g1gpg24 NONE (NO ABBREVIATED FILE
ORIGINAL L661gg56 HNONE (NO ABBREVIATED FILE
ORIGINAL M1981FFE HNONE (NO ABBREVIATED FILE
ORIGINAL MN781#32¢ NONE (NO ABBREVIATED FILE
ORIGINAL Q 2C@f15 NOWE (NO ABBREVIATED FILE
ORIGINAL 834g@gg1d NONE (NO ABBREVIATED FILE
ORIGINAL 83gA¢fA12 NONE (NO ABBREVIATED FILE
ADDED AlY1g1p8 7654 WRA-4 CMB MA

A TOTAL OF 62 RECORDS ARE PRESENT

WITHIN THIS FILE

FIGURE 11-21.

EXAMPLE OF PROGRAM P1 (Cont'd)
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DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

AVAILABLE)
AVAILABLE)
AVATLABLE)
AVAILABLE)

AVAILABLE)

AVATLABLE)D

AVAILABLE)
AVATLABLE)
AVAILABLE)
AVAILABLE)
AVAILABLE)
AVAILABLE)

AVAILABLE)
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%% ENTER FILETYPE FOR OUTPUT, MENU, OR QUIT i

_REE

OUTPUT TO GO TO TERMINAL, OFFLINE PRINTER, BOTH, OR OUIT
BOTH, OR QUIT

ENTER TERM,
_BOTH

b

LISTING

THE FOLLOWING
NUM

PAGE HNUMBER

OF PROJECT FILE CONTENTS

PN123

ORIGIN
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL

ORIGINAL

FIGURE I11-21.

PRTR,

s 5

/ REE - ROE SEARCH RESULTS

CIN
A19340d54
A2424g1d
A4128010
Ab12p010
A4318511
AL31gg 14

AL335019

2213
6529
bfd78
b287
14135
1436
2p4p

—

IS ROE RESULT DATA FOR COURSES
coP

COURSE TITLE

INERT NAV PRINC
IS A

gA-A

EA A

EOD BASIC NAVY
EOD REFR NAVY

MASTER DIVQUAL

EXAMPLE OF PROGRAM P1 (Cont'd)
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>

14
11
12
13
14
15
16
17
14
19
24
21
22
23
24
25

26

ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
OR IGINAL
ORIGINAL
ORIGINAL
ORIGIHNAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL

ORIGINAL

FIGURE tl1-21.

AL335825
AL91{I14
A5514f119
A551¢4027
A5510/168
AS8HAP16
A6518g24
A65271454
A652d4164
Ab7PBF11
A7E18027
A724p13
C gg3722
C 93722
C g@g3722
C #p3722
C Up3722
€ 2C3352

C1gp383h
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2682
204G
#133
3931

g134

DIVER FIRST

RADIUM REMOV OPS

CAR HAND BAS

UNREP MECH/HYD

FORK LIFT

CTO A

OPER

1244 PSI BT

0OX GENR b6L16fP

SOLLAR GAS TURBIN

WATCH REPAIR

WELD/HPRES PIPE

UT-J

TALUF

TALJF

TALJF

TA4LJF

TALIF

FAM

FAM

FAM

FAM

FAM

PILOTS
PILOTS
PILOTS
PILOTS

PILOTS

UHIN A/C FAM/P/

AAS18 INT MA]

[I1-53

EXAMPLE OF PROGRAM P1 (Cont'd)

pe
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LISTING OF PROJECT FILE CONTENTS

} PHN123 / REE - ROE SEARCH RESULTS
THE FOLLOWING IS ROE RESULT DATA FOR COURSES
NUM ORIGIN CIN coP COURSE TITLE
f 27 ORIGINAL C10123793 7914 A7AB ATT HEADINC
28 ORIGINAL C1g23793 7915 A7AB ATT HEADING
% 29 ORIGINAL Cl1213811 346L AwWM23 RADIO FREN
34 ORIGINAL C1213f11 544l AwWM23 RADIO FREOD
31 ORIGINAL C6bgpg3472 34C E2C WEA SYS FAM
32 ORIGINAL C6§23536 341D 54HOF77 PROP INT
33 ORIGINAL Co6463143 7365 CVA/CVY ALW SUPV
34 ORIGINAL J221§357 538Q MULTI-THREAT TNG
35 ORIGINAL J23382f3 2637 ADV EW OP'S CRSE
3b ORIGINAL J243@g974 2181 _IPC i
37 ORIGINAL K233g96b 2g5Y SuB EVW OP-ADV
33 ORIGINAL L661gg56 NONE (NO ABBREVIATED FILE DATA AVAILABLE)
39 ORIGINAL MI1981ffE NONE (NO ABBREVIATED FILE DATA AVAILABLE)
4 ORIGINAL N7@81432f1 NONE (NO ABBREVIATED FILE DATA AVAILABLE)
41 ORIGINAL Q 2CAA15 HNONE (NO ABBREVIATED FILE DATA AVAILABLE)
42 ORIGINAL 83gg¢f1g HNOME (NO ABBREVIATED FILE DATA AVAILABLE)
43 ORIGINAL 8304¢#12 NONE (NO ABBREVIATED FILE DATA AVATLABLE)
44  ADOED A1g10108 7654 (NO ABBREVIATED FILE DATA AVAILABLE)
A TOTAL OF 44 RECORDS ARE PRESENT

WITHIN THIS FILE

% ENTER FILETYPE FOR OUTPUT, MENU, OR QUIT
_QuiT

PROJECT-FILE PRINT PROGRAM 1S NOW TERMINATING

FIGURE 111-21. EXAMPLE OF PROGRAM P1 (Cont'd) ‘
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The programs which were developed to accomplish these objectives are:

P2 - Interactive Search Designator Editor

P3 - Range-of-Effect (ROE) Search Module

PS5A - Print of Raw ROE Results File

P5B - Interactive Search Results Editor

P5C - Print of ROE Search Results for Extract

Since these programs are developed and documented in Appendix D of this report,
only the user-related functions of the programs are outlined here.

Program P2 (Interactive Search Designators Editor). Program P2 permits the user
to edit the contents of the three Range-of-Effect descriptor files, REC, REV,
and REJ. These may have been initially loaded when the Project Data Base was
generated using Program P17, however, if this was not the case, the entire
contents of these files can be entered using Program P2. Figure III1-22 shows an
example edit of the REC (COURSES) file. Here Program P2 was called by the RUNP2
EXEC with the Project ID, PN123, provided as a parameter. If Program P2 were
entered from the ETAM EXEC, the Project ID would have been passed automatically
to the RUNP2 EXEC.

The program requests the user to identify the file to be edited by entering
either SELECT COURSES (for the REC file), SELECT VEHICLES (for the REV file), or
SELECT TASKS (for the REJ file). The program then provides the user with a
count of the present number of descriptors loaded in the file. When requested
to "MAKE NEXT ACTION REQUEST" the user can enter PRINT, ADD dn (dn = descriptor
number; e.g., 82), DELETE dn, SELECT another file (e.g., VEHICLES or TASKS), or
FILE. FILE should only be entered after editing of all files has been completed
since it terminates Program P2.

Program P3 (Range-of-Effect (ROE) Search Module). Program P3 is used to search
the contents of the Abbreviated Data Base for entities which have index descrip-
tors matching the search descriptors and logic provided by the contents of files
REC, REV, and REJ. Figqure III-23 shows an example of a run of Program P3. In
this case it was called by the RUNP3 EXEC, however, it can also be selected as
one of the options with the Range-of-Effect portion of the ETAM EXEC. No user
interaction is required other than the verification that the Project ID exists.
If no descriptors have been entered into REC, REV, or REJ, search of its corres-
ponding Abbreviated Data Base will be bypassed. Program P3 prints out summary
data of the search results as is shown in Figure III-23. Printing of the search
results is accomplished by Program P5A as explained next.

Program P5A (Print of Raw ROE Results File). Program P5A prints the results of
the Program P3 search of the Abbreviated Data Bases. Figure III-24 shows an ex-
ample run of Program P5A as invoked by the RUNP5A EXEC. The user has the option
of directing the output of this program to either the terminal or offline printer,
or both. This decision is aided by the summary data provided by Program P3. If
there are a significant number of entities, and the user can wait for the printed
results to be received by mail, the output should be directed to the offline
printer. As with Program P3, Program P5A provides a summary of the entities
processed.
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CsSS
Jy.45.32 RUNP2 PHN123

PROJECT (HAMED PH123 ALREADY EXISTS,
IS THIS CORRECT? (RESPOND YLS OR QUIT)

SEARCH OESCRIPTOR EDITOR RUN FOR PROJECT @ PN123
3-0 PROCEDURAL TRAIIIER

MAKE TiITIAL ENTRY SELECT
_SELLCT COURSLS

COURSES SLARCH DESCRIPTORS SELLCTCOD

11 DLSCPIPTORS NOVW SELLCTLO

23 MAKE WLAT ACTI0M REQUEST
_PRINT

“3 GROSS JOB CATEGORIES
3 OPLRATIONS :
31 MAINRTENAALE :

HEOQUJECTIVE TASK VARIABLES AS MANITFEST It THL TRATHING
4y COUIPMENT & OBJECTS USED: REAL

1 #3OTASK FUNCTIONHS DOMINANT I TRAINING

H b4 PROCEVDUREL FOLLOVWIIIG

“3OSTAGL OF LEARNINIG

-6y ORILNTATION, FAMILIARIZATION

-0l TASK IHOMEHCLATURE, TOLNTS, LOCATIONS, FACTS, RULES

¢35 PROCEDURES AT VLRUBAL LEVEL OHLY |
8% TASIL COMPONLNTS WITH GUIDANCL ;
85 ENTIRE JOB-TASK PROCEDURALLY AT LARELY ACCEFTACLLE MASTEPRY !
80 MIGHLY PROFICIENT IH WORK CONTEXT

87 UMNUSUAL TASK CONVITINNS

R TERIT ARATR Tt W SR

%5 MAKL ik AT ACTION RLQUEST
_DELLTL 87
T COURSES  OLSIGNATOR LUMBLR 87 HAS BEED DELETLD

MAKE. NLXT ACTION REOUEST
ALD 82

ALDULD UESIGHATOR = 2 TASK FORMATS AT CONCEPTUAL LEVEL
TOTAL DESIGHNATORS HOW SEL .CTED : 51

e
et
PRt

MAKE 'EXT ACTIPH RLOUEST
_FILE

MODIFILD COURSES DESIGHATORS HAVE BLEN SAVED

SEARCH UDESIGHATOR EOITOR HOW TERMINATIHC

FIGURE I111-22. EXAMPLE OF PROGRAM P2

Yoo 111-56 | ‘
i s ittt e s
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€SS
Yy8.54 .01 RUNP3 PN123

PROJECT JAMED PN123 ALREADY EXISTS,
IS THIS CLORRECT? (RESPOND YES OR QUIT)

YES
999
RAINGEL -OF-EFFECTS (ROE) SEARCH PROGRAM IS STARTING

RANGE-OF-EFFECTS SEARCH FOR PROJECT : PH123
3-0 PROCEDURAL TRAIMNER

%% NOW PROCESSIIIG COURSES SEARCH - 11 DESCRIPTORS SELECTED
TOTAL HNUMBER DESCRIPTOR RECORDS EXAMINCD : 122
TOTAL RECORDS SELECTED WITH MATCHING DATA : 37
TOTAL RECORDS SELECTED WITHOUT ABUREVIATED DATA : 24
ACCUMULATED SEARCH OQUTPUT RECORDS, THUS FAR : bl

#3 0w PROCESSING VEHICLES SEARCH - fi DESCRIPTORS SELECTED

#3010 SLARCH DESCRIPTORS SPECIFIED FOR VEHICLES TYPE DATA - SEARCH IS BYPASCSED

»
.

#% NOW PROCESSING TASKS SEARCH = g DESCRIPTOPS SELECTED

#%10 SEARCH DESCRIPTORS SPECIFIELD FOR TASKS TYPE DATA - SEARCH IS BYPACSSED

‘% ULSIGHNATOR SEARCH PROGRAM 1S TERMINATIMNG

TOTAL ACCUMULATED SEARCH OUTPUT RECORDS : bl

FIGURE 111-23. EXANPLE OF PROGRAM P3
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Yé.51.59 RUNPSA
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PN123

PROJECT HAMEUD PN123 ALREADY EXISTS,
IS THIS CORRECT? (RESPOND YES OR QUIT)

YES

OUTPUT TO GO TO

TERMINAL, OFFLINE PRINTER, BOTH, OR ONIT?

ENTER TERM, PRTR, BOTH, OR QUIT

80OTH

SSEXECUTION:

INITIAL SEARCH RESULTS FOR PROJECT -~PN123

3-D

PROCEDURAL TRAIHNER

PAGE NUMBEPR : 1

RANGE-OF-EFFECTS RESULTS FOR : COURSES

1 Alf2406Y
2 Al4264193
3 Al42§4195
L A193445¢
5 A242ig1g
6 Awl24g1g
7 ALl2f4149
8 A4314Pl1l
9 AL31HP1Y
1¥ A433,019
11 A4334f25
12 A4YLPP1LY
13 A551¥419
14 AS5519427
15 A5514168
16 ASSPIE1E
17 Auslpgag
18 ALS2ug5
19 ALS2§68
28 AG7pUp11
21 A7¥1pg27
22 A72¥0013
23 B3W3IPPS1
24 C #3722
25 C gp3722
26 C gpP3722

- - - - = - -

NOTE -~ MO MATCHING NITRAS DATA AVAILAELE FOR THIS CIN
NOTE -~ NO MATCHING NITRAS DATA AVAILABLE FOR THIS CIh
MOTE ~ NO MATCHING NITRAS DATA AVAILABLE FOR THIS CIH
2213 INERT NAV PRINC

6529 IS A

678 EA-A

6287 EA A

1035 EOD BASIC NAVY
1836 £EOD REFR NAVY
264y MASTER DIVQUAL
2fé2 DIVER FIRST

294G RADIUM REMOV OPS
g133 CAR HAND BAS
3931 UNREP MECH/HYD
g134 FORK LIFT OPER
6gs53 CTO A

5399 12¢4 PSI BT

5224 OX GENWR GL1bLYP
LE3E SOLAR GAS TURBIHN
34§78 WATCH REPAIR
337M WELD/HPRES PIPE
4662 UT-u

MOTE - NO MATCHIMNG MNITRAS DATA AVAILABLE FNAR THIS CIN
2857 TA4JUF FAM PILOTS
ggPg7 TA4JUF FAM PILOTS
9@p9 TALJUF FAM PILOTS

FIGURE I11-24. EXAMPLE OF PROGRAM P5A
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27 C #P3722 919 TA4LJF FAM PILOTS
28 C ¥f3722 9738 TA4LJF FAM PILOTS
29 C 2C3352 2576 UHIN A/C FANM/P/
34 C1l¥p3834 7529 AAS18 INT MAI -
31 C1423793 7914 A7AB ATT HEADING
32 C1H23793 7915 A7A3 ATT HEADING
33 C1213411 346L AwWM23 RADIO FPREO
34 C1213011 544L AWM23 RADIO FREQ
35 ChHPI3472 34YC E2C WEA SYS FAM
36 COH23530 341D S4H6E77 PROP INT
37 Co6463143 7365 CVA/CV ALW SUPV

36 D 2CHP11 NOTE - NO MATCHING MNITPAS DATA AVAILABLE FOR THIS CIMN
39 £ 2A1YY1 HOTE - NO MATCHINR NITRAS DATA AVAILABLE FOR THIS CINMN
Ly E 2A13P¥1 NOTE - NO MATCHING NITRAS DATA AVAILABLE FNR THIS CIMN
41 E 2A1843 NHOTE - HO MATCHING NITRAS DATA AVAILALLE FOR THIS CIM
42 E£E 2CH941 NOTE - NO MATCHING NITRAS DATA AVAILABLE FOR THIS CIH
43 £ 20YP¥16 NOTE = NO MATCHING NITRAS DATA AVAILABLE FOR THIS CIN
44 E 20pP#75 MNOTE = 1O MATCHING INITRAS DATA AVAILABLE FOR THIS CIN

45 LO1P21Y HNOTE - NO MATCHING NITRAS DATA AVAILABLE FOR THIS CIN
46 ELLLIO6HY NOTE - NO MATCHING NITRAS DATA AVAILABLE FOR THIS CIt
L7 F7YEYP1A  HOTE - NO MATCHING NITRAS DATA AVAILAELE FOR THIS CIM
4o H 26371 HNOTE - NO MATCHING WITRAS DATA AVAILABLE FOR ThIS CIHN
49 J13JP645 HNOTE - NO MATCHING NITRAS DATA AVAILABLE FOR THIS CIM!
58 J221Y357 5380 MULTI-THREAT THG

3 51 J233¥2§13 2637 ADV EW OP'S CRSE

52 J243§974 2181 IPC

53 J8uPgP433 NOTE - NO MATCHING HITRAS DATA AVAILABLE FOR THIS CIN
54 K233f66 245Y SUB EW OP-ADV

55 L1f1§10924 MNOTE - NO MATCHING MITRAS DATA AVAILABLE FOR THIS CIM

ﬁ PAGE NUMBLER 2

! RANGE-OF-EFFECTS RESULTS FOR : COURSES

50 LLL1IYPS6 HNOTE = NO MATCHING i{ITRAS DATA AVAILABLE FOR THIS CIH
§7 M1981PPE HNOTE - NO MATCHINC NITRAS DATA AVAILABLE FOR THIS CIHN
58 M7y1432) NOTE - NO MATCHING NITRAS DATA AVAILABLE FOR THIS CIN
59 Q 2CYP15 HNOTE - NO MATCHING NITRAS DATA AVAILABLE FOR THIS CIN
OF 83UpP1P MNOTE - HNO MATCHING NITRAS DATA AVAILABLE FOR THIS CIN
bl d3PPP@gl2 HNOTE - NO MATCHIMG NITRAS DATA AVAILABLE FOR THIS CIN

#% RESULTS FILE NOW AT END-OF-FILE

TOTAL NUMBER COURSE RECORDS PROCESSED : 61
TOTAL WUMBER VEHICLE RECORDS PROCESSEDL : )
TOTAL NUMBER JOBTASK RECORDS PROCESSED @ 4]

TOTAL HNUMBER ROE RESULT RECORDS READ : 61
RECORVUS WITHOUT MATCHING ABUREVIATED DATA 24
TOTAL HUMBER DIRECTORY SEARCH FAILURES o)

FIGURE 111-24. EXAMPLE OF PROGRAN P5A (Cont'd)
ITT1-59
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Program P5B (Interactive Search Results Editor). Program P5B permits the user

to edit the contents of the RESU file which contains the results of the search

of the Abbreviated Data Bases for matching courses, vehicles, and job/tasks.
Entities in the RESU file are referenced by the sequence number with which they
were associated in the print out from Program P5B. If the list is short, the
user can print the results of the search by entering PRINT nl n2 where nl is the
sequence number of the first Tine to be printed, and n2 is the sequence number

of the last line; e.g., PRINT 1 61 will print 61 lines. An entity can be deleted
by entering DELETE n where n is the sequence number of the entity to be deleted.
Multiple deletes may be made by entering DELETE nl n2 which will cause all
entities with sequence numbers from nl through n2 inclusively to be deleted. An
entity is added by entering ADDC /entity id/; e.g., ADDC /A101010108, for courses,
ADDV /entity id/; e.g., ADDV /6910LLC003399/, for vehicles, and ADDJ /entity

id/; e.g., ADDJ /BM/CM/35492/, for job/tasks. Figure III-25 shows an example

of a run of Program P5B. The results of the editing are saved automatically

when the user enters QUIT.

Program P5C (Print of ROE Search Results For Extract). Program P5C permits the
user to print a list of entities for which additional data must be obtained
prior to beginning the Assessment provess. Only the original (non-deleted) and
added entities will be listed by this program. Figure 1I11-26 shows an example
of the print out of Program P5C. OQutput can be directed to the terminal or
offline printer, or both. The results of the extract print are retained in the
REE file of the Project Data Base and can be listed using Program P1 (refer to
Figure III-21 for an example of a Program P1 printout of the REE file containing
the results of the extract print shown in Figure 111-26).

ETAM COST MODELS. ETAM is capable of performing a quantitative assessment of

the costs/savings which will result from introducing an innovation. The dollar
effects are calculated by running the appropriate cost model with the input
variables set at some baseline state, then rerunning the model with the parti-
cular variable modified so that it now reflects the value resulting from success-
ful implementation of the innovation. Seven ETAM programs are involved in the
performance of this function. Three are required to load the extract files

(EXC, EXV, and EXJ) with model baseline input data. An interactive program
permits the user to modify input variables based upon the quantitative character-
istics of the benefit pattern resulting from successful implementation of the
innovation. There are three model programs, i.e., training course, vehicles,

and job/tasks. The objectives in performing the cost modeling function are:

[ Load extract files EXC, EXV, and EXJ with card input data returned
from responsible Navy sources. This will essentially be a batch
operation.

2. Provide interactive capability to review, modify baseline, and

develop benefit related input variables for running the cost
model programs.

e Select and run the appropriate cost model program to calculate
the delta effect of applying the innovation benefits to the
entities identified (and possibly manually refined) during the
ETAM Range-of-Effect function.

4. Store the calculated difference in the CMR file for subsequent
use in the Decision Analysis and/or Financial Analysis routines.

I11-60
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CSS
Ho.5d4.50 RUNPSB PH123

PROJECT i¢AMEL PN123 ALREADY EXISTS,
1S THIS CORRECT? (RESPOND YES OR QUIT)

YES
99959
“i ROL SEARCH RESULTS EDIT FOR PROJECT PHN123 #ee
3-0 PROCEDURAL TRAIHMEP

e 61 HAVE BEEN LOADED INTO MEMORY FOR EDITING

“% MAKE NWEXT ACTION REQUEST
JDELETE 1 3
VDELETED RECORDL HNUMBER : 1 THRU 3

w3 MAKE HEXT ACTION REOQUEST
_DELETE 23
DELETED RLECORD HUMBER : 23

L 3 MAKE HEXT ACTION REQUEST
_DELETE 38 49
DLLETLO RECORD MUMBER : 38 THRU 49

2% MAKE NEXT ACTION REQUEST
_DELETE 53
DELETEV RECORD NUMBER : 53
@3 MAKE WEXT ACTION REOUEST
_UELETE 55
DELETED RECORO NUMBER : 55

#3 MAKE NEXT ACTION REQUEST
_ADLC /A191p9148/

THE FOLLOWING RECORD(S) HAS/HAVE BELEN ADDLD...
RECHO/CIN/CDP/COURSE : 62/A10101/87654/ WRA-4 CMB MA

3 MAKE NEXT ACTION REQUEST
_PRINT 1 01

RECNO/CIN/CDP/TITLE : 1/A102¢064/ “/ (NO MATCHING DATA)
RECNO/CIN/COP/TITLE : 2/A10124193/ / (NO MATCHING DATA)
RECNO/CIN/CUP/TITLE 3/A102p495/ / (RO MATCHING DATA)
RECHO/CIN/COP/TITLE : L/A193§f50/2213/ INLPT NAV PRINC
RECNO/CIN/COP/TITLE : 5/A2420014/6529/ IS A
RECNO/CIN/COP/TITLE : /AW L2818/ G178/ EA-A

FIGURE 111-25. EXAMPLE OF PROGRAM PSB
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RECNO/CIN/CDP/TITLE
RECNO/CIN/CDP/TITLE
RECNO/CIN/CUOP/TITLE
RECNO/CIN/CUP/TITLE
RECNO/CIN/CDP/TITLE
RECNO/CIN/COP/TITLE
RECNO/CIN/COP/TITLE
RECNO/CIN/CLOP/TITLE
RECIHO/CIN/COP/TITLE
RECHNO/CIN/COP/TITLE
RECNO/CIN/CDP/TITLE
RECNO/CIN/CDOP/TITLE
RECNO/CIN/COP/TITLE
RECHO/CIN/COLP/TITLE
RECHO/CIN/COP/TITLE
RECNO/CIN/COP/TITLE
RECNO/CIN/CDP/TITLE
RECNO/CIN/CLP/TITLE
RECNO/CIN/CDP/TITLE
RECHO/CIN/COP/TITLE
RECHNO/CIN/COP/TITLE
RECHO/CIN/COP/TITLE
RECNO/CIN/COP/TITLE
RECHO/CIN/CDP/TITLE
RECNO/CIN/COP/TITLE
RLCHO/CIN/CDP/TITLE
RECNO/CIN/COP/TITLE
RECHO/CIN/COP/TITLE

RECNO/CIN/COP/TITLE

TAEG REPORT NO. 40

7/A4120018/6287/
8/AL31Hf11/1035/
9/AL319414/ 1030/
19/A4338819/2084¢8/
11/A433¢4@25/20862/
12/A4919014/2046/
13/A5514¢19/78133/
14/A5518027/3931/
15/A55100648/ 8134/
16/AS3HAN16/6453/
17/A651AA2§/5399/
18/A6520A508/5224/
19/A6520fb8/4bL3E/
20/Ab7YPA11/ 3873/
21/A78180827/337M/
22/A720PP13/466Z/
23/B3A34851/ /
24/C #g3722/2887/
25/C ¥P3722/9007/
26/C yA3722/9009/
27/C #A3722/9M14/
24/C 14§13722/9738/
29/C 2C3352/2576/
34/C1pp3834/7529/
31/C1023793/7914/
32/C1p23793/7915/
33/C1213811/346L/
34/C1213011/564L/

35/CoygP3uy2/344C/

EA A

EOD BASIC NAVY
EOD REFR NAVY
MASTER DIVOUAL
DIVER FIPST
RADIUM REMNV OPS
CAR HAHND BAS
UNREP MECH/HYD
FORK LIFT OPER
CTO A

120 PSI BT

0OX GENR bLL1bAP
SOLAR GAS TURBIN
WATCH REPAIR
WELD/HPRES PIPLC
UT=dJ

(HO MATCHING DATA)
TA4JF FAM PILOTS
TALJF FAM PILNTS
TA4LJUF FAM PILOTS
TA4LJF FAM PILOTS
TALUF FAM PILNTS
UHLIN A/C FAM/P/
AAS18 INT MAI
A7AB ATT HEADING
A7AB ATT HEADING
AWM23 RADIO FREOD
AVWM23 RADIO FREOD

E2C WEA SYS FAM

FIGURE 11i-25. EXAMPLE OF PROGRAM PSB (Cont’d)
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RECNO/CIN/COP/TITLE
RECNO/CIN/CDP/TITLE
RECNO/CIN/COP/TITLE
RECHO/CIN/CDP/TITLE
RECNO/CIN/CDP/TITLE
RECINO/CIN/COP/TITLE
RECIHO/CIN/COP/TITLE
RECHO/CIN/CDP/TITLE
RECNO/CIN/CDP/TITLE
RECHO/CIN/COP/TITLE
RECNO/C1ii/COP/TITLE
RECNO/CIN/COP/TITLE
RECNO/CIN/CDP/TITLE
RLCNO/CIN/CDP/TITLE
RECNO/CIN/COP/TITLE
RECNO/CIN/COP/TITLE
RECHO/CIN/CLUP/TITLE
RECNO/CIN/COP/TITLE
RECNO/CIN/COP/TITLE
RECHO/CIN/COP/TITLE
RECNO/CIN/CDP/TITLE
RECNO/CIN/COP/TITLE
RECNO/CIN/COP/TITLE
RECNO/CIN/CDP/TITLE
RECNO/CIN/CUP/TITLE

RECNO/CIN/CDP/TITLE
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36/Cbg23536/341D/
37/C6463103/7365/
38/D 2CgfAl11/ /
39/E 2A14ig1/ /
LA/E 2A1341/ /
L1/E 2A18/3/ /
L2/E 2CH9f1/ /
43/ 20416/ /
L4/E 204f75/ /
45/eEvy1421g/ /
Lo/EOL461641/ /
W7/F74A0818/ /
bg/H 2E3714/ /
49/0134f645/ /
SA/J2218357/538Q/
51/423302013/2637/
52/J2438974/2181/
53/J480A0433/ /
Sk/K2338066/2(5Y/
55/L1¢10024/ /
56/L6614@56/ /
57/M198140E/ /
S8/N7@14320/ U
59/Q 2CyA15/ /
6A/538gp18/ /
bl/83¢4@gp12/ /

#i MAKE NEXT ACTION REOUEST

_QuIT

% ROE SEARCH RESULTS EDITOR IS TERMINATING

TOTAL RECORDS ADDED

1

TOTAL RECORDS IN PROJECT EXTRACT FILE

S4HLA77 PROP INT
CVA/CV ALV SUPV
(NO MATCHING DATA)
(HO MATCHING DATA)
(NO MATCHING DATA)
(NO MATCHING DATA)
(NO MATCHING DATA)
(HO MATCHINC DATA)
(NO MATCHINE DATA)
(HO MATCHINFC DATA)
(NO MATCHING DATA)
(NO MATCHING DATA)
(NO MATCHING DATA)
(NO MATCHING DATA)
MULT I-THREAT TNE
ADV EW OP'S CRSE
IPC

(HO MATCHING DATA)
SUB EW OP-ADV

(NO MATCHIMNG DATA)
(NO MATCHING DATA)
(NO MATZHING DATA)
(NO MATCHIMNG DATA)
(NO MATCHING DATA)
(NO MATCHING DATA)

(NO MATCHING DATA)

by
FIGURE 111-25. EXANPLE OF PROGRAM PSB (Cont’'d)
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¥9.13.5¢4 RUNP5C PN123
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PROJECT NAMED PN123 ALREADY EXISTS,
IS THIS CORRECT? (RESPOND YES OR QUIT)

YES

OUTPUT TO GO TO TERMINAL,
BOTH, OR QUIT

ENTER TERM,
BOTH

$SP ¥ PHN123

KEYWORD OR ARGUMENT ERROR

EXECUTION:

#:#% EXTRACT SEARCH RESULTS FOR PROJECT

PRTR,

OFFLINE PRINTER,

-

BOTH, OR QUIT?

- PN123 5

3-D PROCEDURAL TRAINER

PAGE HNUMBER

1 ORIGINAL
2 ORIGINAL
3 ORIGINAL
4 ORIGINAL
5 ORIGINAL
0 ORIGINAL
7 ORIGINAL
8 ORIGINAL
9 ORIGINAL
14 ORIGINAL
11 ORIGINAL
12 ORIGINAL
13 ORIGINAL
14 ORIGINAL
15 ORIGINAL
16 ORIGINAL
17 ORIGINAL
18 ORIGINAL
19 ORIGINAL

. 1

A193405¢
A242d@d14
A412¢0p17
A4124@81p8
AL31PfA11
AL31gg@14
AL33§g19
AL433gg25
AL91gg14
A5510019
A551p0027
A5510068
A58/0816
Ab51¢g24g
A6520054
Ab520068
Ab7fgg11
A7014027
A728pp13

FIGURE 111-26.

2213
6529
6078
6287
1435
1936
2444
2082
2946
#133
3931
g13k
6953
5399
5224
46 3E
3478
337M
4662

INERT NAV PRINC
IS A

EA-A

EA A

EOD BASIC NAVY
EOD REFR NAVY
MASTER DIVOUAL
DIVER FIRST
RADIUM REMOV OPS
CAR HAND BAS
UNREP MECH/HYD
FORK LIFT OPER
CTO A

1299 PSI BT

OX GENR 6L16gP
SOLAR GAS TURBIN
WATCH REPAIR
WELD/HPRES PIPE
uT=-d

EXAMPLE OF PROGRAM P5C
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24
21
22
23
24
25
26
27
28
29
34
31
32
33
34
35
36
37
38
39
Ly
41
42
43
i

‘¥ NOW AT LOF ON

ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ORIGINAL
ADDED

pg3722
g@g3722
yp3722
gg3722
gi3722
2C3352
Clyf3834
C1423793
C1923793
Cl1213411
c1213411
copgpstz2
C6g23536
C6463143
J2214357
J233g243
J243¢g974
K2330466
LO618056
M198100E
N7g1g832¢
Q 2CHg15
8344dd14d
830@9gP12
Alglglgs

OO0

SEARCH R
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2887
9dd7
969
9f 1
9738
2576
7529
7914
7915
346L
5441
3ugc
341D
7365
5380Q
2637
2181
2f15Y
NONE
NONE
NONE
NONE
NONE
NONE
7654

ESULTS

TOTAL HNUMBER COURSE RECORDS
TOTAL NUMBER VEHICLE RECORDS
TOTAL NUMBER JOBTASK RECORDS PROCESSED

RECORDS WITHOUT MATCHING
TOTAL NUMBER DIRECTORY SEARCH FAILURES :

TA4UF
TALJF
TALJF
TA4JF
TA4LUF

FAM
FAM
FAM
FAM
FAM

PILOT
PILOT
PILOT
PILOT
PILOT

UHIN A/C FAM/P/
AAS18 INT MAI

A7AB ATT HEADING
A7AB ATT HEADIMNG
AWM23 RADIO FREO
AWM23 RADIO FREO
E2C WEA SYS FAM
S4H6[77 PROP INT
CVA/CV.ALW SuPV
MULTI-THREAT TNG

ADV
IPC
suB
(NO
(NO
(NO
(NO
(NO
(NO

EW OP'S CRS

EW OP-ADV

ABBREVIATED
ABBREVIATED
ABBREVIATED
ABBREVIATED
ABBREVIATED
ABBREVIATED

WRA-4 CMB MA

FILE

Aoes
v

PROCESSED :
PROCESSED :

TOTAL NUMBER ROE RESULT RECORDS READ :

ABBREVIATED DATA :

S
S
S
S
S

E

FILE
FILE
FILE
FILE
FILE
FILE

4y

4
3
4y
7
4

DATA
DATA
DATA
DATA
DATA
DATA

FIGURE 111-26. EXAMPLE OF PROGRAM P5C (Cont'd)
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These objectives are accompiished through seven programs, namely:

P10 - Course Extract Data Base Load
P11 - Vehicle Extract Data Base Load

P12 - Job/Task Extract Data Base Load
P51 - Interactive Benefit Pattern Setup
P52 - Training Course Cost Model

P53 - Vehicles Cost Model

P54 - Job Task Cost Model

These programs are supported by four Project Data Base files: EXC, EXV, and
EXJ which store the extract input data, CMR which stores the models' output
data, and two temporary files which are set up with the baseline state and
the benefit state c¢f the cost models' input variables.

The programs and data files to support the ETAM Cost Model part of the ETAM
Assessment function are outlined in this section. Figure III-27 shows the
interrelationships between the Programs P51 through P54 and Executive Control.

Program P10 (Course Extract Data Base Load).

Purpose: This program loads the EXC file from cards which contain the addi-
tional data on Courses required for the ETAM Assessment function.

Inputs: Refer to Figure III-6 EXC DATA ELEMENTS for a list of the input
variables, their record length, and format. The input cards will
be formatted as follows:

CARD NO. VARIABLE FROM/THROUGH REC PQS CARD COLS
1 €EDP . . - PESP 1-79 1-79
’: TLEGTH . . . DRATE 80-157 1-78
3 INRATE . . . GRAD(11) 158-234 1-77 |
4 GRAD (12) . . . COPMT(5) 235-313 1-79 |
5 COPMT(6) . . . COPMT(20) 314-388 1-75 '

Missing data should be unpunched (not zeros). Cards will be sequence
numbered 1-5 in Col. 80.

Process: The major program process steps are: §

1. Read input cards.
2. Check sequence numbers for order and for missing cards. If
the variable N (Planning Period (Years)) is 5 or less, then
Card No. 5 is not required, (although this is optional) sincec
no data would exist for COPMT(6) through COPMT(20).
3. Print appropriate error messages.
4. List data formatted with variable headings for readability
by the user. Provide the list option for terminal or offline
printer, or both.
o %2§ntify missing data (unpunched) in the 1isting with an asterisk
6. Create single 388 position record to be written in the EXC file.
7.  Compare returned data with Entity Type 1 records in the REE file
for matching CDP's.
8. Print Tist of unmatched CDP's in either file. This list should
be directed to the terminal.

I11-66
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Qutput: The outputs of Program P10 will be:

1. A 388 position record formatted as outlined in Figure III-6 EXC
DATA ELEMENTS to be written to the EXC file (one record per each
sequence of 5 (or 4) input cards.

2. A report listing the variables for each CDP for which data
have been provided.

3. A report identifying unmatched CDP's with the original extract
listing from Program P5C, (these are contained in the REE file).

Program P11 (Vehicle Extract Data Base Load).

Purpose: This program loads the EXV file from cards which contain the addi-
tional data on Vehicles required for the ETAM Assessment function.

Inputs: Refer to Figure III-7 EXV DATA ELEMENTS for a list of the input
variables, their record length, and format. The input cards will
be formatted as follows:

CARD NO. VARIABLE FROM/THROUGH REC POS CARD COLS
1 YFSN . . . PEQUIP(6) 1-76 1-76
2 PEQUIP(7) . . . PEQUIP(19) 77-154 1-78
3 PEQUIP(20) . . . COPMT(14) 155-230 1-76
4 COPMT(15) . . . COPMT(20) 231-260 1-30

Missing data should be unpunched (not zeros). Cards will be sequence
numbered 1-4 in Col. 80.

Process: The major program process steps are:

1. Read input cards.

2 Check sequence numbers for order and for missing cards. All
four cards are required for each Vehicle Entity.

3'e Print appropriate error messages.

4. List data formatted with variable headings for readability
by the user. Provide the list option for terminal or offline
printer, or both.

S, gd§ntify missing data (unpunched) in the listing with an asterisk

*

Create single 260 position record to be written in the EXV file.

Compare returned data with Entity Type 2 records in the REE file

for matching Vehicle Federal Stock Numbers.

8. Print Tist of unmatched Vehicle Federal Stock Numbers in either
file. This list should be directed to the terminal.

~NO

Output: The outputs of Program P11 will pe:

1. A 260 position record formatted as outlined in Figure II1I1-7 EXV
DATA ELEMENTS to be written to the EXV file (one record per each
sequence of 4 input cards).

s i ‘
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2. A report listing the variables for each Vehicle Federal Stock
Number for which data have been provided.

3. A report identifying unmatched Vehicle Federal Stock Numbers
with the original extract listing from Program P5C, (these are
contained in the REE file.).

Program P12 (Job/Task Extract Data Base Load).

Purpose: This program loads the EXJ file from cards which contain the addi-
tional data on Job/Tasks required for the ETAM Assessment function.

Inputs:  Refer to Figure III-8 EXJ DATA ELEMENTS for a Tist of the input
variables, their record length, and format. The input cards will
be formatted as follows:

CARD NO. VARIABLE FROM/THROUGH REC POS CARD COLS
1 JTID . . . INRATE 1-77 1-77
2 APERS(T1) . . . APERS(13) 78-155 1-78
3 APERS(14) . . . APERS(20)  156-197 1-42

Missing data should be unpunched (not zeros). Cards will be sequence
numbered 1-3 in Col. 80.

Process: The major program process steps are:

e Read input cards.

2. Check sequence numbers for order and for missing cards. If

the variable N (Planning Period (Years)) is 13 or less, then

Card No. 3 is not required, (although this is optional) since

no data would exist for APERS(14) through APERS(20).

Print appropriate error messages.

List data formatted with variable headings for readability

by the user. Provide the 1ist option for terminal or offline

printer, or both.

5. %dintify missing data (unpunched) in the listing with an asterisk

*

Create single 197 position record to be written in the EXJ file.

Compare returned data with Entity Type 3 records in the REE file

for matching Job/Task Identifiers.

8. Print list of unmatched Job/Task Identifiers in either file.
This 1list should be directed to the terminal.

S w

~N O

Output: The outputs of Program P12 will be:

1. A 197 position record formatted as outlined in Figure [11-8 EXJ
DATA ELEMENTS to be written to the EXJ file (one record per each
sequence of 3 (or 2) input cards.

2. A report listing the variables for each :lob/Task Identifier for *
which data have been provided. |

3. A report identifying unmatched Job/Task Identifiers with the ;
original extract listing from Program P5C, (these are contained
in the REE file).
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Program P51 (Interactive Benefit Pattern Setup).

Purpose:

Inputs:

Process:

The objective of Program P51 is to establish interactively the pattern
of benefits which will be accruing from the innovation reflected in a
modification of the variables which are inputs to the three cost
models. The baseline values for the cost models input variables

are stored in the Project Data Base files EXC, EXV, and EXJ. In
general, these values can be used directly and moved to the CMIA

file for input to the ba8eline (first pass) run of the cost model's
processing sequence. However, the user has the option of modifying
any of the variables stored in the three extract files prior

to moving them to the CMIA file. The user then is permitted to apply
the benefit pattern as reflected descriptively in the Project Data
Base file BPT to the input variables prior to moving them to the CMIB
file. The benefit pattern is established for any one or combination
of input variables by indicating a new value for that variable or
some percentage change to be applied to that variable.

The inputs to Program P51 are the contents of the EXC, EXV, and EXJ
files, which were previously shown in Figures I1I-6, 7 and 8. The user
provides control input via the terminal by selecting one of the available
options provided by Program P51.

Following are the major process steps for Program P51:

1. The user accesses this program by entering RUNP51 EXEC or by
the select option within the ETAM EXEC called MOD.

2. The user is then presented with a display menu of the various
options that he can select at this time. This menu will be as
follows:

0 Review extract files
Under this option the user will be allowed to review the
contents of any of the extract files EXC, EXV, or EXJ.

0 Review BPT file
Normally the user would refer to a listing of the Project
Data Base previously printed from Program P1. However,
if the user wishes to scan the BPT file at this time, he
will have access to it through this select option.

0 Establish CMIA file
Here the user will be allowed to either transfer the contents
of the extract files directly to CMIA or permitted tc make
modifications if new data exists at this time. The modifi-
cation of extract data going to the CMIA file will generally
be on a straight value change basis rather than a percentage
change as will be possible under the benefit modification of
data going to the CMIB file.

[0} Review/print the CMIA file
The user will be allowed to print the contents of the CMIA
file under this select option.

0 Establish CMIB file
The CMIB file will contain the variables as modified to
reflect the benefit pattern accruing from the innovation.
At this point the user will select the specific variable or
variables from the display of the EXC, EXV, or EXJ files and
make the appropriate modification, either by a value change
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or by indicating a percentage change from its baseline value.
The result of this modification after all variables have been
treated, will be moved to the CMIB file as input to the second
pass of the Cost Model runs.

0 Review CMIB file
Under this option the user will have two possible selections.
First, the CMIB file can be reviewed as was done with the
CMIA file. Second, the user can request only those variables
which differ from the CMIA file to be printed. Under this
option both the original value in the CMIA file and the new
value in the CMIB file will be printed.

0 Run Cost Model
Any one or all of the Cost Models can be selected to run against
the input variables in the CMIA and CMIB files at this time.
Appropriate error messages will be indicated if the CMIA and
CMIB files have not previously been set up. Also, as a part
of this selection step, the user can select any of the report
options available with each of the cost models. For example,
under the training cost model, seven report outputs are select-
able. The user specifies which of these reports are desired
to be printed and also, the user will direct the output to
either the terminal or the offline printer, or both.

0 Quit
Under this option the user returns to the next higher level
of EXEC, which in this case would permit the selection of
another option under Assessment.

3. Following completion of any one of the options selected under Step
2, the user will be returned to the display permitting another option
to be selected.
Outputs: The major outputs from the benefit pattern setup program are:

1. A series of display prompts which let the user select, via the
terminal, the various options under this program.

2. A variety of reports which display the results of selecting any
one of the options identified under Step 2. For example, if a
review of the BPT file is selected, an appropriate report will
be printed. In this case, the report would be the same as that
generated under Program P1. All reports generated from this
program will be formatted with appropriate headings for user
readability. The user will also have the option of selecting
either the terminal or offline printer, or both.

3. Although not a direct output of Program P51, selection of
the Cost Models to be run will cause certain reports to be
generated from the respective Cost Model programs. The
selection of these reports is under the control of Program
P51; i.e., Program P51 sets up the run parameters for the Cost
Models identifying the reports to be printed.

Program P52 (Training Cost Model).

Purpose: The primary objective of ETAM is to evaluate the effects of an innova-
tion which has been implemented within the training system. In order
to perform this function, a model capable of calculating training costs
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under different input assumptions was required. A model had been de-
veloped for TECEP (Training Effectiveness, Cost Effectiveness Prediction *
technique which had most of the features required for performing the
training calculations. The basic logic of the program has been incor-
porated into the Training Cost Model outlined here. A program list-

ing has been included in Appendix C of this report. Several features
which were added to the original program are:

1) Extensive input data editing and default data specification.

2) User selectable policies for equipment purchases and equip-
ment depreciation.

3) Selectable output reports.

4) OQutput format design is compatible with 80X24 CRT displays

to facilitate any conversion from the present thermal printer
to a CRT display capability.

Extensive commenting within the program was done to guide the pro-
grammer in the final incorporation of the Training Cost Module

into the ETAM Training Cost Model. The model has been programmed

to sequence through the celculations twice, once to compute the
baseline technical and cost factors and another time to compute
these factors with the benefits pattern developed in Program P51
applied. The program output intended for the CMR file is two twenty
year vectors providing annual investment costs and annual recurring
cost/savings. Examples of the model outputs are shown later in this
section.

Input: The data input variables required to run the Training Cost Model were
set up by Program P51. The baseline input variables are contained
in the Cost Model's inputs W/0 Benefits (CMIA) file and would generally
reflect the EXC file unless modified by Program P51. The input variables
with benefits applied as set up by Program P51 are contained in the
Cost Model's input With Benefits (CMIB) file.

The input variables are the same as described in Figure I1I-6, EXC
DATA ELEMENTS. Since the program design with the descriptions of
input variables is explained in the previously referenced report on
TECEP, only the input variables which have been modified from the
original model are explained here.

1)  Equipment Purchase Policies (PURCHF)
The Training Cost Model permits the user to specify any one
of four purchase policies with regards to the equipment
calculations within the Training Cost Model.

Policy 1 (Input Variable PURCHF = 1) causes the total
average requirements for equipment to be purchased in the
first year of the equipment life. Under this purchase
option a buildup of training in which lesser equipment re-
quirements exist in the earlier years would not be taken
into consideration.

* Braby, Richard, Ed.D; Henry, James M.; Parrish, William F., Jr.; Swope,
William M., Ph.D., 1975. A Technique for Choosing Cost-Effective Instructional
Delivery Systems. TAEG Report No. 16, Training Analysis and Fvaluation Group,

Orlando, FL.
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Policy 2 (input variable PURCHF = 2) causes the total maxi-
mum requirement for equipment over the equipment life to be
purchased in the first year. This is similar to Policy 1,
however, in Policy 2 the maximum reguirement rather than the
average requirement for equipment is purchased.

Policy 3 (input variable PURCHF = 3) causes equipment to be
purchased up to the average requirement but with 2ach purchase
the requirement within the specific year of purchase is not
exceeded. This policy provides a more efficient expenditure
of resources: for equipment in relationship to a buildup of
training loads over the planning pericd.

Policy 4 (input variable PURCHF = 4) causes equipment to be
purchased up to the maximum requirement over the equipment
life but not to exceed the requirements in the specific year
of purchase. This policy is similar to Policy 3, however,
the maximum rather than average numbers of equipment are pur-
chased.

2. Depreciation Policies (DEPF)
Policy 1 (input variable DEPF = 1) causes equipment to be de-
preciated linearly over its life.

Policy 2 (input variable DEPF = 2) causes a sum of the digits
depreciation to take place over the eguipment life.

Policy 3 (input variable DEPF = 3) causes the equipment to be
fully depreciated over its life. Eauipment purchased under this
policy would have no remaining value at the end of the planning
period.

3. Percent of Maximum Equipment Purchased (PCTPCH)
The user can specify the percent of calculated equipment
requirements which are tc be purchased under the specific
purchase policy selected. This, in effect, permits the
maximum requirement for equipment calculated by the model
to be Timited.

4. Inflation Rate (INRATE)
The user can have cost calculations made in four modes using
the training cost model. The first is a non-discounted cbst
per year, the second is a discounted cost per year based upon
the discount rate specified, the third is an inflated, nca-
discounted cost per year calculation which gives costs in
current dollars, and fourth is the stream of costs, previously
inflated, discounted at the discount rate specified.

Process: The major program process steps, within the Training Cost Model are:

1. Setup model to sequence through calculations using input from the
CMIA file.
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2. Read input variables from first Entity Type 1 (courses) record.

3. Calculate:

o Technical Processing Logic

TLENGH

RCRATE
ARCYTM™

WSCHOP

SPOSO
PESP
WSHOP1
INTSPO

AMTSPO

€QTSPO

PURCHF
LOFEQ

SQFTST
SQFTIN
SQF TAM

IMDEV
PUIMD
TLEGTH

UPDATE

SUPSPO
SUPSTD

MSCSPO
MSCSTD

LOGIC
STUD(I) = GRAD(I)/(!.0-ARATE)
N
MSIN = (F STUD(I))/N
1=

STUDMW (1) = (TLENGH*STUD(1))*(1.0-.5%ARATE)

SMWRRC (1) = RCRATE*STUD([)*ARCYTM

AOB(I) = (STUDMW(I)+SMWRRC(1))/WSCHOP
N

AAOB = (I AOB(I))/N
I=1

PSP(1) = ((AOB(I)/1.0-TSPCSD))*(1.0+PESP)
(WSCHOP/WSHOPY |

RINSTR(L) = PSP({])}*INTSPC
RADMIN(]) = PSP(1)*AMTSPD
REQUIP(TY = PSP(1)*EQTSPO
PEQUIP(I) = f[PURCHFI/PFOUIP(]),LOFEN)

1.
AEQUIP(J) = T E PEQUIP(I

RFACIL(1) = PSP(I)*(SQFTST+INTSPO*SOFTIN
+AMTSPO*SQFTAM)

UIMOTM « TLENGH® IMDDEV OUIMO *TLEGTH

IMOMNT (1) = ((jMrTwe oAt

RSUPPL (1) - ©SP/ | )*SUPSPASTUD( 1)*SUPSTD

RMISC(1) = PSP(])*™MSCSPNSTUD(])*MSCSTD

DESCRIPTION

Input graduates required annual'y.

Calculate student input ramts. from
annual graduates requfred and
attrition rate,

Summarize average number of student
inputs required over planning
period N.

Calculate student manweeks from
normal flow through course including
attrites.

Calculate student manweeks from set-
back students recycled.

Calculate average-on-bcard from
student manweeks distributed across
schaol operating perifod.

Summarize the average average-on-
board over planning period N.

Calculate annual student positfon
requirements considering average
unavailability and a percentage
extra posftions for queueing.

Caiculate annual fnstructor ramts
using an instructor to student
position ratio

Calculate annual administrative
requirements using an admin, to
student pasition ratéo
Calculate annual equipment rgmts
using an equip. to student
position ratfo.

Calculate actual numbers of equip-
ment purcnased annually based on
selected purchase policy and ecuip-
ment 11fe.

Calculate available equipment on
board annually over the planning
perfod

Calculate annual facility require-
ments from Sq. Ft. ratios for
students, instructors and adminis-
trators.

Calculate development time ‘or

instr. materiais from dev. ratio and
pct. of course lenath dev. mad
Caliyiate annual maintenance time for
instr. materfals from maint update
ratio.

Calculate annual supply ramts ‘or
student posftions an¢ students

Calculate annual migcellaneous rowts
for student positions end studes!

STUD(!

PASIN

STUDMN( ]

ROB(1)

AAOB

PSP(1)

RINSTR(I)

RADMIN(I)

REQUIP(T)

PEQUIP(1

AEQUIP(T)

RFACIL(T

M

THOMNT (]

RSUPPL
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0 Cost Processing Logic

ineuT

STUDSL

STCST!
STCST
INSTSL

ADMSL
EQUNTC

DEPF

PDEP(1)

COPMT (1)
CPSQFT
CiM0

EVIM

csupp
oS

FACST
LOFFR

(0] Summarization

DRATE
INRATE

Lg61c

CSTUD(T) = ((STUDMW(I)+SMWRRC(T))/52)*STUDSL

CTRAV(I) = STUD(1)*(STCST1+STCST2*(1.0- . S*ARATE)
CINSTR(I) = RINSTR(I)*INSTSL
CADMIN(I) = RADMIN(I)*ADMSL
CEQUIP(1) = PEQUIP(I)*EQUNTC

PDEP(L) = f(DEPF](LOFEQ)

RVEQ = tCEQUIP(l)'(omv(x.m;m-u-]‘,\,
=1

for (1+LOFEQ-N)-p
TAEQC(!) = CEQUIP(I)+AEQUIP(J)=COPMT(])

CFACIL(T) = RFACIL(I)*CPSQFT
CIMOMT (1) = IMDMNT(1)*CIMD
CUIMD = UIMDTM*CIMD

RVIM = CUIMD*CVIM

CSUPPL(1) = RSUPPL(])*CSUPP

(¢ ) el RMISC(1)*CMIS

REVA = (LOFFA-N)*(FRCST/INFFA)

,
ray

! ‘
f

DISCNT(I) = (2.0+DRATE)/(2.0%().0+DRATE )%*])
INFCAT(1) = (2.0%(1 0«INRATE)**1)/(2.04INRATE)

N
NSTUD = .i' €sTUD(1)

2150 NTRAV=F((TRAV'1)) NINSTR=F(CINSTR 1))

NSUPPL = ¢ (CADMIN(1]),
NSUPP =#(CSUPPL(])),NMISC=#{CMISC(1))

N
NFACIL = (T CFACIL(1))+FACOST

I=
N
NEQUIP = (FTAEQL/1)).pyEn
=
N
NIMD = (T CIMOMT([))sCUTMD-RVIM
1=1
N
OSTUD = X CSTUD(1)*DISCNT(I)
1=l

also OTRAV:-g(CTRAV(I)),DINSTReg/CINSTR(I))
DADMIN=q(CADMIN(] '),
DSUPPL=q(CSUPPL( 1)), IMISC=c ' MISC(T))

N
OFACIL = (§. CFACIL(1)*DISCNT(1))+FACOST
"1
N
DEQUIP = (X TAEQC(!I)*DISCNT(1))-(RVEQ/ (1 O+DRATE)
=y
N
OIMO = (X CIMOMT(1}*DISCNT( ) 1eCUT™0-/RVIM/ (1.0
Ie1

*DRATE)**N)

DESCRIPTION

Calculate annual student salary costs ¢STUB( 1)
in constant dollars.

Calculate annual student travel costs CTRAV(D)
in constant dollars.

Calculate annual! fnstructor costs fn CINSTR(]
constant dollars.

Calculate annual administrative CADMIN(T)
personnel costs in constant dollars.

Calculate annual equipment purchase CEQUIP(I)

costs.
Calculate multiplier of original equip- POEP(]
ment cost indicating pct. of depreciea

tion in year L of life

Calculate the remaining value of equip- RVEL
ment at end of planning period.

Calculate the tota) annual equipment TAEQC(1)
purchase and maintenance cost
Calculate annual facilities cost 'n CFACIL(T

constant dollars
Calculate annual cost of maintaining CIMOMT( ]
developed course matertals

Calculate initial investment in in- CUIMD
structional materials development

Calculate the remaining value of in- RVIM
structional materials at end of

planning period.

Calculate annual cost of supplies CsupPPL(l

in constant dollars.

Calculate annua! cost of miscel-
Taneous in constant dollars

Calculate the remaining velue of RFYA
facilities at the end of the planning
period.

and Financial Factors

DESCRIPTION ouTPyUT
Calculate annya) discount factors. CISCNT(1
Calculate annual inflatfon. INFCAT(1
Calculate non-discounted total of NSTUD
annuai student salary, travel, in- NTRAV
structor salary, admin. salary, NINSTR
supply and miscellaneous costs. NADMIN
Calculate non-discounted total of NFACIL
annual facilities costs. NSUPPL

L 1819
Calculate non-discounted total of NEQUIP
annual equipment and instr. mat
costs

NIMD

Catculate discounted total of annual  DSTUD

student salary, travel, instructor OTRAV
salary, admin. salary, supply and DINSTR
miscellaneous costs DADMIN
Calculate discounted total of annual  DFACIL
faci'ities costs OSUPPL

DMISC
Calculate discounted total of DEQUTP

anrual equipment and instructor
materiel costs

oImo

i iy
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LOGIC

N
1STUD = 3 CSTUD(I)*INFLAT()
1=

also ITRAV=R(CTRAV(I),lINSTR=n(CINSTR(I],
TADMIN=n (CADMIN( | |,
ISUPPL=n(CSUPPL(1),IMISC=n(CMISC(T)

N
IFACIL = (Z CFACIL(I)*INFLAT(1))+FACOST
I=1

N
1EQUIP = (X TAEQC(I)*INFLAT(1))-(RVEQ*(1.0+INRATE)*™N)
I=1
N

11MD = (X CIMOMT (1)*INFLAT(1))-(RVIM® (1. 0+ INRATE )**N)
1=

N
FSTUD = (X CSTUD(I)*INFLAT(!)*DISCNT(1)
1=]

also FTRAVa1(CTRAV(1)),FINSTR=4(CINSTR(1)),
FADMIN=1 (CADMIN(I)),
FSUPPL=1 (CSUPPL (1)) ,AMISC=1(CMISC(I))

N
FFACIL = (L CFAC
1=1

N
FEQUIP = (tlum

1=

*(1.001

N
FIMD = (3T CIMOM]
=]

IL(T)*INFLAT(1)*DISCNT(1))+FACOST

C(I)*INFLAT(1)*DISCNT(I))-(RVEQ
NRATE -DRATE ) **N

(1)®INFLAT (1)*DISCNT(1))-(RVIM

*(1,04]NRATE DRATE Joon

N
SNADC = L NSTUDNTREAVONING T BeNATMINeNFACILeNSUPPL

SNMISCeNED

also for
N
MADC = SNAOC/§—

PNAOC = SNAOC/§~
I=1
als

Danimr

SDADC=# (1 1AOCef11
SEAOC«f (¥

o GDAOC, 51ADC B GFAC
PSP(1)

o PDAOC, PIADC & PFADC

DESCRIPTION ouTe
Calculate inflated (current !§'.T
dollars) total of annual student ITRAY
salary, travel, fnstructor salary, 1INSTR
admin. salary, supply and miscel- TADMI N

Taneous costs.

Calculated inflated (current
dollars) total of annual factli
ties costs.

Calculate inflated total of annua!
equipment and instructor mat. costs

Calculate discounted total cf in- FSTUD
flated annual student salary, travel, FTRAY
instructor salary. admin. salary, FINSTR
supply and miscellaneous costs FADMIN
Calculate discounted total of in- FFACTL
flated annual facilities costs FSUPPL
MISC
Calculated discounted total of FEQUIP
annual equipment and instructor ~
mat. costs. FIMD
Calculate total annual operating SNAOC
costs non-discounted, discounted, SDADC
const. and cumt §.
Calculate average operating cost GNAOC
per graduate, non-dscounted, GDAOC
discounted, const. and cumnt §
Calculate average operating cost PNADC
per student position. PDACC

MNon-discounted, discounted,
const.  and curnt §

Non-Discounted Investment and Cost Savings Vector

{0
CEQUIP(1)
FACST
cuimo

CEQUIP(1)

CEQUIP(N)
vEQ

RFVA
win

AEQUIP(1)
coPT(])
RFACIL(T)

CPSQFT
‘l:w( 1)

LoG1C

DESCRIPTION

ETAINV(1) = CEQUIP(1) + FACST + CUIMD

ETAINV(I) =

ETAINV(N) =

ETAREC(1) =

CEQUIP(L) for I = 2, N - |

CEQUIP(N) - RVEQ - RFVA - RVIM

AEQUIP(T)*COPMT(1) + RFACIL*CPSQFT +
IMOMNT ([)*C[MD + CSTUD(1) + CTRAV(I) +
CINSTR(1) +» CADMIN(I) & CSUPPL(I) +
orsc(n)

Calculate first year of Investment
vector

(alculate subsequent years of Invest
ment vector except for year N

Calculate Investment vector for yrar N

Calculate Recurring Cost/Savings vector

S1AOC
SFAOC

GIAOC
GFAOC

PIAOC
PFAOC

oUTPUT

ETAINY(1)

ETAIMY(])

CTAINV(N)

ETAREC(1)
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4. Prepare output reports for baseline calculations.
5. Retain non-discounted Investment ETAINV*, and non-discounted
Cost/Savings ETAREC* vectors for completion of next sequence
of calculations with benefit pattern appiied.
6. Set up model to sequence through calculations using input from G
CMIB file. %
7. Read input variables from first Entity Type 1 (Courses) record. :
8. Perform calculations outlined in step 3 for new input variables.
9. Print output reports for calculations with benefits applied.
10.  Subtract new ETAINV* and ETAREC* vectors from those retained in

Step 5 to determine resultant Investment and Cost/Savings vectors
to be written to the CMR file.

11. Repeat sequence 1 through 10 for remaining Type 1 Entities in
the CMIA and CMIB files.

Outputs from the Training Cost Model are presented in Figures III-28
through III-41. The example outputs are for an actual example which
was run through the Cost Model. The upper part of each page designated
course number ETA] represents a path through the model without the
benefit applied; e.g., attrition rate = .06. The lower part of each
page designated as course number ETA2 represents a path through the
model with the benefit applied; e.g., attrition rate = .04. The
following is a list of the Training Cost Model outputs:

1. Input Technical Factors - Figure III-28

2. Input Cost Factors - Figure III-29

3. Output Technical Results - Figure III-30

4. Output Technical Results, Years 1-5 - Figure III-31
Qutput Technical Results, Years 6-10 - Figure III-32
Output Technical Results, Years 11-15 - Figure III-33
Qutput Technical Results, Years 16-20 - Figure III-34

5. Outputs Cost Results - Figure III-35

6. Output Cost Results (Non-Discounted Constant Dollars),

Years 1-5 - Figure III-36
Output Cost Results (Non-Discounted Constant Dollars),
Years 6-10 - Figure III-37
Output Cost Results (Non-Discounted Constant Dollars),
Years 11-15 - Figure II1-38
Output Cost Results (Non-Discounted Constant Dollars),
Years 16-20 - Fiqure III-39

7. Figure III-40 displays the ETAM Technical and Cost Factors for
Years 1-10. The final two lines of this report represent the
Investment and Recurring Cost/Savings vectors which are written
to the CMR file.
Figure I1I1-41 contains similar data for years 11-20. The date
on these two figures represent the difference between pass 1
with the benefit not applied and pass 2 with the benefit applied.

The previous reports will serve as models for reports to be generated
for Programs P53 and P54 which are the vehicles and job/tasks cost
models.

[11-77 I' ‘
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Program P53 (Vehicles Cost Model).

Purpose:

Input:

Process:

The Vehicles Cost Model calculates the delta cost effect from the
innovation benefit pattern associated with some instructional vehicle.
Since the intended pattern of benefits with respect to instructional
vehicles is one of cost displacement, the model is relatively simple.
The objective as was with the Training Cost Model is to create two

20 year dollar vectors, one for investment and a second for cost/savings.

The data input variables required to run the Vehicles Cost Model were
set up by Program P51. The baseline input variables are contained in
the Cost Models Inputs W/0 Benefits (CMIA) file and would generally
reflect the EXV file unless modified by Program P51. The input
variables with benefits applied as set up by Program P51 are contained
in the Cost Models Input with Benefits (CMIB) file.

The input variables are the same as described in Figure III-7 EXV
DATA ELEMENTS.

The major program process steps are:

1. Setup model to sequence through calculations using input from
the CMIA file.

2. Read input variables from first Entity Type 2 (Vehicles) record.
3. Calculate:

0 Available Equipment annually over Planning Period

AEQUIP(J) =Z]_' ﬁ: PEQUIP(T)
J=N I=J-LOFEQ

0 Purchase Cost Annually
CEQUIP(I) = PEQUIP(I)* EQUNTC

0 Maintenance Costs Annually
MEQUIP(I) = AEQUIP(I)*COPMT(I)

o Installation Costs Annually
IEQUC(I) = PEQUIP(I)*EQINSC

0 Remaining Value of Equipment
RVEQ =:§E¥ CEQUIP(I)*PDEP(LIFERV)

for LIFERV 0
where LIFERV = I + LOFEQ - N - 1
and PDEP (LIFERV) = f(DEPF] (LOFEQ)

0 Percent Depreciation per Depreciation Policy

The Depreciation Policies for which PDEP(I) is calculated
are:

[11-92
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4 1) Linearly over life of equipment
PDEP(I) = I/LOFEQ for I = 1 to LOFEQ
2) Sum-of-Digits over life of equipment

LOFEQ
SUM = E SUM+1 where SUM = 0 initially

" n —

LOFEQ/SUM for I

I=
PDEP(I) =1
1) ((LOFEQ-I)/SUM) + PDEP (I-1) for I = 2 to LOFEQ

PDEP(
3) Fully depreciated all years.
PDEP(I) = 1.0 for I = 1 to LOFEQ

0 Non-Discounted Annual Total Investment

IEQUIP(I) = CEQUIP(I) + IEQUIP(I)
for I=1, N
TEQUIP(I) = TAEQC(I) - RVEQ

for I=N
0 Non Discounted Annual Recurring Cost/Savings
REQUIP(I) = MEQUIP(I) for 1=1, N
o Total Non-Discounted Annual Cost/Savings
TAEQC(I) = IEQUIP(I) + REQUIP(I)
0 Discounted Annual Total Costs (Constant Dollars)

DISCNT(I) = (2.0 + DRATE)/(2.0*(1.0 + DRATE)**I)
for I=1, N

DTAEQC(I) = TAEQC(I)*DISCNT(I)

0 Inflated Annual Total Costs (Current Dollars)
INFCAT(I) = (2.0*(1.0+INRATE**1))/(2.0+INRATE)
ITAEQC(I) = TAEQC(I)*INFCAT(I)

b ) Discounted Inflated Annual Total Costs

FTAEQC(I) = ITAEQC(I)*DISCNT(I)

0 Totals of Annual Costs
N

TEQUC = ; TAEQC(1)
I:

DTEQC = <y;—DTAEQC(I)
I=
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ITEQC =D _ ITAEQC(I)
} I=1

FTEQC = i] FTAECQC(I)
I=

4. Prepare output reports for baseline calculations.

5 Retain Non-Discounted Annual Total Investment I[EQUIP*, and
Non-Discounted Annual Recurring Cost/Savings, REQUIP* vectors
for completion of next sequence of calculations with benefit
pattern applied.

6. Setup model to sequence through calculations using input from
CMIB file.

7. Read input variables from first Entity Type 2 (Vehicles) record.

8. Perform calculations outlined in Step 3 for new input variables.

9. Print output reports for calculations with benefits applied.

10. Subtract new IEQUIP* and REQUIP* vectors from those retained in
Step 5 to determine resultant Investment and Cost/Savings vectors
to be written to the CMR file.

11.  Repeat sequence 1 through 10 for remaining Type 2 Entities in
the CMIA and CMIB files.

Outputs: Outputs from the Vehicle Cost Model program are similar to the outputs
of Program P52, Training Cost Model and should include:

1. Input Technical and Cost Factors combined report.
2. Output Technical and Cost Results Combined report.

3. A resultant Investment vector and a resuiltant Recurring Cost/Savings
vector are written to the CMR file for each entity processed.

Program P54 (Job/Task Cost Model).

Purpose: The Job/Task Cost Model calculates the delta cost effect from the
innovation benefit pattern associated with a change in job pericormance.
It calculates and combines three major categories of costs; namely,
cost of equivalent personnel for both normal performance of the tasks
as well as the performance required to recover from certain task error
situations, the cost associated with the commission of errors which are
non-manpower related, and the costs of support items such as tools,

i etc., which are required on an annual basis for the performance of the

tasks. The objective as was with the previous training cost and vehicles

; cost models is to create a twenty-year dollar vector. However, since

all cost/savings in the Job/Task Model are considered recurring, no

investment vector is created. A null investment vector, however, will

E be written to the CMR file.

[111-94
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The data input variables required to run the Job/Task Cost Model were
set up by Program P51. The baseline input variables are contained in
the Cost Model's Input W/Q Benefits (CMIA) file and would generally re-
flect the EXJ file unless modified by Program P51. The input variables
with benefits applied, as set up by Program P51, are contained in the
Cost Model's Input With Benefits (CMIB) file.

The input variables are the same as described in Figure III-8 EXJ
DATA ELEMENTS.

The major program process steps are:

) Set up model to sequence through calculations using input

from the CMIA file.
Zs Read input variables from first Entity Type 3 (Job/Tasks) record.
3 Calculate:

(¢} Annual Task Time Without Errors (by Type Person)

OFFTT(I) = APERS(I)*TTASK*FTASK*OPTSK
for I =1 to N

ENLTT(I) = APERS(I)*ITASK*FTASK*EPTSK
for T =1 to N

CIVTT(I) = APERS(I)*TTASK*FTASK*CPTSK
for I =1 to N

TOTTT(I) = OFFTT(I) + ENLTT(I) + CIVTT(I)

for 1 1 to N
0 Annual Error Time

ERRTT(I) = APERS(I)*TTASK*FTASK*ERTSK
for I =1 to N

0 Total Annual Task Time (by Type Person)

TTOFF(I) = OFFTT(I) + (ERRTT(I)*EPTSK)
for 1 =1 to N

TTENL(I) = ENLTT(I) *+ (ERRTT(I)*EPTSK)
for I =1 to N

TTCIV(I) = CIVTT(I) + (ERRTT(I)*CPTSK)
for I =1 to N

TTTOT(I) = TTOFF(I) + TTENL(I) + TTCIV(I)
for 1 =1 to N

() Total Annual Equivalent Persons (by Type Person)

EQVOFF(I) = TTOFF(1)/2080
for I =1 to N
EQVENL(I) = TTENL(I)/2080
for I =1 to N
EQVCIV(I) = TTCIV(I)/2080
for I =1 to N
EQVTOT(I) = EQVOFF(I) + EQVENL(I) + EQVCIV(I)

for 1 =1 toN

111-95
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Annual Salary Cost (by Type)

OFFSLC(I)
ENLSLC(I)
CIvVSLC(I)
TOTSLC(I)

EQVOFF(I)*OFFSL

for 1 =1 toN

EQVENL(I)*ENLSL

for I =1 to N

EQVCIV(I)*CIVSL
(

)
for I 1 to N
OFFSLC(I) + ENLSLC(I) + cIvsLc(I)
for I 1 to N

I
I

Total Annual Costs (by Type)

TOFFC(I)

TENLC(I)

TCIVC(I)

OFFSLC(I) + (OFFTT(I)/TTASK)*OERRC + APERS(I)*
SUPPC*QPTSK

for I =1 toN

ENLSLC(I) + (ENLTT(I)/TTASK)*OERRC + APERS(I)*
SUPPC*EPTSK

for I =1 to N :

CIVSLC(I) + (CIVTT(I)/TTASK)*OERRC + APERS(I)*
SUPPC*CPTSK

for I =1 toN

Non-Discounted Annual Recurring Cost/Savings

TTOTC(I) = TOFFC(I) + TENLC(I) + TCIVC(I)

for 1 =1 toN

Discounted Annual Recurring Cost/Savings (Constant Dollars)

DISCNT(I)
DTTOTC(I)

(2.0 + DRATE)/(2.0*(1.0+DRATE)**I)

for I =1, N
= TTOTC(I)*DISCNT(I)
for I =1, N

Inflated Annual Recurring Cost/Savings (Current Dollars)

INFCAT(I)
ITTOTC(I)

(2.0%(1.0 + INRATE**I))/(.20 + INRATE)
for I = 1, N

TTOTC(I)*INFCAT(I)

for I =1, N

Discounted Inflated Annual Costs

FTTOTC(I)

= ITTOTC(I)*DISCNT(I)
for I =1, N

Totals of Annual Costs

N

TT0C =): TTOTC(I)
I=

I11-96
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N
DTOC = > DTTOTC(I)

I=1

1T0C ﬁ ITTOTC(T)
I=1

FTOC = i’ FTTOTC(I)
I=1

Prepare output reports for baseline calculations.

Retain non-discounted annual recurring cost/savings, TTOTC*
vector for completion of next sequence of calculations with
benefit pattern applied.

Set up model to sequence through calculations using input from
CMIB file.

Read input variables from first Entity Type 3 (Job/Tasks) record.
Perform calculations outlined in Step 3 for new input variables.
Print output reports for calculations with benefits applied.
Subtract new TTOTC* vector from the previous one retained in
Step 5 to determine resultant Cost/Savings vector to be written
to the CMR file. Since no Investment vector was calculated, a
null vector will be written to the CMR file for investment.

11. Repeat sequence 1 through 10 for remaining Type 3 Entities in
the CMIA and CMIB files.

(o] oS

oW~

Outputs: Outputs from the Job/Task Cost Model program are similar to the outputs
of Program P52, Training Cost Model, and should include:

1. Input Technical and Cost Factors Combined Report.

2. Output Technical and Cost Results Combined Report.

3. A resultant Recurring Cost/Savings vector and a null
Investment vector are written to the CMR file for each
entity processed.

Cost Model Summary. Each of the cost models writes a record to the CMR file per
the format previously identified for that file. The final step of the Cost
Models program should summarize the results for all entities. CMR file Record
Type 5 (Pos 1 = 5) will contain the summary of all Courses, Record Type 6 will
contain a summary of all Vehicles, and Record Type 7 will contain a record of
all Job/Tasks. The total of these three summaries will be added into a Record
Type 8. The Record Type 9 of the CMR file will be summarized into by Program
P60 after the Risk Package cost for Record Type 4 has been identified.

ETAM RISK REDUCTION. A major aspect of the ETAM process is the evaluation of
various alternatives to implementing and gaining user acceptance of the innovation.
A number of risk factors with regard to the acceptance of the innovation were pre-
viously identified and their profile was stored in the RKP file. An example of
this file was previously shown in Figure II1-10. As a result of the risks that
were identified, a number of risk reduction projects were devised. The projects
were targeted at the high risk categories outlined in the RKP file. The RRPJ

file contains descriptions of the risk projects. Figure I1I-11 showed an example
of the RRPJ file contents. The assessor can group these projects into up to nine
combinations for subsequent evaluation within the Decision Analysis part of the
ETAM Assessment function. The objectives of the Risk Redu¢tion function are:
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1. Permit the assessor to review risk data stored in the RKP and RRPJ
files.

2. Provide the user with the capability of selecting up to nine combi-

————— __nations of the projects stored in the RRPJ file and to retain these
groupings Tmthe—RRPK file for subsequent access by the Decision
Analysis function.

3. Provide the user with access to the program for assigning probabilities
of implementation success and user acceptance success to the various risk
packages. This is performed by calling Program P59, which will also be
accessible to the user under the Decision Analysis function.

These objectives are accomplished through two programs, namely:

P56 - Risk Reduction Project Grouping
P55 - Assign Probabilities \

These programs access three Project Data Base files:

RKP which stores a profile of the risks associated with acceptance of
the innovation,

RRPJ which stores any of the identified Risk Reduction projects, and

RRPK which will contain the final results of the project groupings as
performed by Program P56.

The formats for the data files were previously outlined in the section on the
Project Data Base. In this section, the program to support the grouping of the
Risk Reduction projects is outlined, namely Program P56. Figure III-42 shows
the interrelationships between the Programs P56, P59, and the Executive Control.

Program P56 (Risk Reduction Project Grouping).

Purpose: This program permits the user to review the various descriptive and
risk project data and then to group the identified projects into
combinations for storage in the RRPK file. The user has the option
of inputting probabilities directly to the RRPK file as the Risk
Reduction projects are grouped, or of calling the Assign Proba-
bilities Program P59 in order to assist in establishing the proba-
bilities. The user can continue to group Risk Reduction projects
until either the QUIT option is selected or a maximum of nine project
groupings have been made for storage in the RRPK file.

Inputs:  The major inputs to Program P56 are the descriptive data in the RKP
and RRPJ files as well as the cost data stored in the RRPJ file associ-
ated with each Risk Reduction project. The format of these files has
been previously described in the Project Data Base part of this section
of the report.

Process: The major program process steps are:
1. Provide access to Program P56 through either the RUNRISK EXEC

or the ETAM EXEC, both of which call the RISK EXEC which accesses
Program P56.

I11-98
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FIGURE 111-42. ETAM RISK REDUCTIGN (RISK) PROCESS FLOW/
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Select options are displayed which permit the user to

0 Group Risk Reduction projects

0 Assign probabilities

0 Review RKP file

0 Review RRPJ file

0 Quit

The user is permitted to select one of these options from a
terminal and is branched to the appropriate processing function
for that option. In the case of requests for reviewing the

RKP and RRPJ files, Program P1 is called. Following completion

of the descriptive listings, the user will be returned to the
select options display for another choice.

If the user selects the Assign Probabilities option, Program

P59 will be called, after which the user will be returned to

the select display option. If the user selects the Group Risk
Reduction Projects option, the Program P56 processing steps will
continue.

Program P56 will access the RRPJ file and will list the descriptive
zero records. These records contain the project ID, project name,
date, and overall project cost.

The user is then requested to select one or more of the Risk Reduc-
tion projects within the first grouping. This is performed by enter-
ing the project ID; e.g., 001-ATTD, 001-SART, etc. If the user
wishes to enter probabilities at this time, the last project ID in
the grouping should be followed with a slash (/) and then nine
two-digit probabilities separated by commas. Also, the project
cost which appeared in the RRPJ file descriptive record zero can
be entered immediately after the ninth probability. Figure III-12
showed an example of entries in the RRPK file. For example, the
entry appearing opposite record 1-0 would be inputted as follows:
001-SART, 002-SART, 003-SART, 004-SART,001-ATTD/90,95,99,80,85,90,
50,60,70,110550000. The project ID's prior to the slash would be
placed in record 1-0 of the RRPK file while the probabilities and
costs after the slash would appear opposite the 1-1 record of the
RRPK file.

The number of groups is checked and if greater than rnine, the user
will be exited to the ETAM EXEC. If less than nine, the user will
be requested if additional Risk Reduction project groups are desired.
If the user selects this option, another grouping; i.e., group 2
can be entered via the terminal.

Final results will be stored in the RRPK file.

The ouput of Program P56 is one or more records to be stored in the
RRPK file identifying project groups, associated probabilities, and

cost.

ETAM DECISION ANALYSIS. The DTREE routines sequence and/or permits assessor
selection of the programs required to develop decision tree input factors and to
perform the calculations which will allow generation of the ETAM DECISION ANALYSIS
DETAIL REPORT (DTO1). Minimal requirements for performing the decision tree cal-
culations are the development of outcome utilities and node probabilities. The

II1-100
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Decision Analysis report DTO1 will be generated if 1) probabilities exist in the
number 0 record (NO RISK PKG) of the RRPK file, and 2) outcome utilities exist

in the number $99 record of the VARF file. If new or additional probabilities

are to be developed, P59 is called to prompt the assessor in specifying proba-
bilities. If new or modified outcomes are to be developed, P58 is called to

permit the assessor to 1) select new relevant variables from thé VOAL project

file, and 2) to prompt the assessor in the process sequence for assigning values to
the selected variables. Several display formats guide the assessor in developing
and validating the decision tree outcomes. Figure I111-43 shows the process flow
for the Decision Analysis routines within the ETAM Assessment function.

The basic methodology in performing the ETAM Decision Analysis centers around

the decision tree which is shown in Figure I[11-44. ¢Each alternative path in the
tree leads to an outcome value (A, B, C & D) which incorporates both quantitative
Cost Model Results (from CMR project file) and equivalent dollar (utility)

values for relevant qualitative factors. Probabilities that an outcome will

occur are estimated at PX & PW). The probability estimates are developed and
stored in the variable reference (VARF project file). Risk patterns which

reduce the success probabilities can be moderated by undertaking Risk Reduction
Projects (RRPJ project file) which have been grouped into Risk Reduction Packages
(RRPK project file). The decision tree provides for up to nine (8) Risk Reduction
Packages with their associated costs (COST-COST9) and modified success probabilities
(PX1-PX9, PWI1-PW9). The probability of Risk Reduction Prc_ect success can also

be estimated (PI1-PI9). There are outcome probabilities (PZ1-Pz9 & PY1-PY9)
associated with the failure of the projects which are also estimated.

Considering this decision analysis framework, the major objectives in performing
the decision analysis are to:

T Develop values for the four major potential cutcomes resulting from
the assessment of the innovation; i.e., A) acceptance, successful
implementation, user acceptance; B) acceptance, successful implemen-
tation, user non-acceptance; C) acceptance, inability to implement;
and D) rejection.

P Estimate probabilities for each of the potential outcomes.

3 Develop an accept/reject decision variable based on the outcome
values and the probabilities of their occurrence.

4. Introduce various combinations of risk reduction packages into
the decision process, considering their costs and effects upon the
success probabilities of the outcomes.

The first objective is accomplished by taking the quantitative results of applying
the appropriate cost model to the benefit pattern, and developing equivalent

values for each of the identified qualitative variables which are stored in the
VOAL project file. A relative importance factor is identified for the cost/savings
variable as well as each of the qualitative variables. A value can then be
developed for each outcome which considers the independent value of each variable
and its relative importance. The outcome scenarios previously developed and

stored in the SCEN project file are reviewed by the assessor during this variation
process.
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The second objective is achieved by considering the various risks in implemen-
tation and in user acceptance which were previously identified descriptively in
the RKP, Risk Profile summary project file. An initial set of probabilities was
developed at the time the various risk reduction projects were grouped, since it
was necessary at that time to modify those probabilities considering the effects
| of the projects upon implementation success and user acceptance. At this time
F the probabilities should be reviewed and modified if appropriate. The third
‘ objective is accomplished by calculating the expected value of the accept path
using the outcome values and probabilities. Since a reject decision has a zero
value, any positive expected value on the accept decision leg would generally
indicate that the innovation has benefit and should be accepted. The calculation
of a number, however, is no panacea for the difficult decision process which
requires a constant examination of all assumptions which went into the derivation
of the final number. Also, it should be remembered that the decision rule for
calculating the decision variable was expected value. If the decision maker
intends to apply another rule, such as minimization of risk, then the result
will have to be reexamined in that light.

The final objective is to modify the decision components with the introduction
of projects, which at some cost can improve the success probability of intro-
ducing the innovation into the system. The risk reduction projects documented
in the RRPJ project file were previously grouped and the groupings along with
their effects upon the success probabilities, were stored in the RRPK, Risk

\ Reduction Packages project file. A new decision variable, for each path with a
risk reduction package, can be calculated. The decision variable will have
been calculated considering the costs of the risk reduction packages. Now the
path with the highest positive expected value will generally be the most accept-
able, subject to the previous caveats.

Several display formats are used in aiding the assessor in estimating magnitudes
and importance weightings of the variables considered in the outcome utility.
Additional reports present the results of the ETAM Decision Analysis process.

This section begins with the ETAM DECISION ANALYSIS DETAIL REPORT (DTO1) which
describes the inputs, calculations, and outputs related to the decision tree
structure previously outlined. Following the detail report are the major selec-
tive interpretive, logical, and calculational sequences for the assessor to
assign values and importance weightings to variables, and to associate probabi-
lities with the various decision tree paths. These functions are accomplished by
Program P58 and P59, respectively. Program P60 controls the Decision Analysis
sequence and performs the calculations required to produce the DTO1 Report.

ETAM Decision Analysis Detail Report (DI101). The following identifies data .
sources and calculational Togic for generating the fields on the ETAM DECISION :
ANALYSIS DETAIL REPORT which is produced by Program P60. Fields outlined cn the
report layout not described here are fixed, and are generated by the program
format statements. A sample report showing data elements by column/row coordinate
is shown in Figure III-45. Up to three reports may be required if the total of
nine maximum risk reduction packages is used. The NO RISK PKG column of data
elements is repeated on each report. 1
E
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COL/ROW  VARIABLE DATA SOURCE AND/OR CALCULATIONAL LOGIC

1B

i

DATE This field is generated within the system and
developed as MM/DD/YY.

2B - RPTNO This field contains the number of the report being
printed (1, 2 or 3).

3B - NORPTS This field gives the total number of DTO1 reports
that are generated. With 0-3 risk pages, this will
be 1, 4-6 will be 2, and 7-9 will be 3.

2D - RKPKGX This field contains the risk package number for which
30 - RKPKGY the evaluation below it is made. On Report 1 these
4D - RKPKGZ values will be 1, 2 and 3; on Report 2 they will be

4, 5 and 6, and on Report 3 they will be 7, 8 and 9.
1E - RANKA This field will contain a number between 1 and 0, where
2E - RANKB a 1 indicates the highest ranked alternative; i.e., the
3E - RANKC Value of the Decision Variable (in Row Z) which is the
4F - RANKD most positive, and a 0 indicates the lowest ranked

alternative. Interim values 2 through 9 will be assigned
accordingly. In cases where equal values of the decision
variable exist, available numbers will be sequenced from
left to right.

1F - OQUTCMA These fields contain the summation of the outcomes,
2F - OUTCMA weighted variable equivalent dollar values which are
3F - OUTCMA are stored in the numter 999 record of the VARF

4F - QUTCMA project file.

1G - 0uTCMB These files contain the Outcome B variable equi-

2G - 0uTCMB valent dollar total from the VARF project file

3G - 0UTCMB (See 1F-4F description).

4G - OUTCMB

1H - PX+'NA' This field contains the decision tree probability at

the X node for the condition where the innovation

is accepted without need to undertake any risk re-
duction projects. It is developed interactively (or
entered in batch) and stored in the number 0 record
of the RRPK project file. Since no projects are
considered in this decision path, the second proba-
bility (P2) is not applicable which is indicated by

the NA.
2H - PXA+PZA This field contains the probabilities at the X1-X9
3H -  PXB+PZB and Z1-79 nodes which refiect incorporation of risk
4H - PXC+PZC reduction projects into the decision process. PXA

will contain the value of PX1, PX4, or PX7 depending

I11-106
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upon the Report Number (2B-RPTNO) being generated (PXB
will be PX2, PX5 or PX8, and PXC will be PX3, PX6 or
PX9). PZA will contain the value of PZ1, PZ4, or P27,
also depending upon the report number (PZB will be PZ2,
PZ5, or PZ8, and PZC will be PZ3, PZ6 or PZ3). These
values are stored in number 1 through 9 records (reflec-
ting data on Risk Packages 1 through 9 respectively) of
the RRPK project file.

This is the expected value at the X, X1, X2 . . . X9
nodes of the decision tree. XA will reflect X1, X4,
or X7 depending upon the report number (XB will be X2,
X5 or X8 and XC will be X3, X6, or X9). The value is
calculated as:

Xn = (PXn * QOUTCMA + (1 - PXn) * OUTCMB)
where n is blank, 1, 2, . . ., 9.

No path exists for the NC RISK PKG situation, therefore,
this field is identified as not applicable (NA).

This is the expected value at the 71, 722, . . ., 79 nodes
of the decision tree. ZA will reflect Z1, Z4, or 77
depending upon the report number. (ZB will be 72, Z5 or
78, and ZC will be 73, 76, or Z9). The value is calculated
as:
Zn = (PZn * OUTCMA + (1 - PZn) * QUTCMB)

where n is 1, 2, . . ., 9.

These fields contain the Outcome C variable equi-
valent dollar total from the VARF project file
(See 1F-4F description).

This field contains the decision tree probability

at the W node for the condition where the innovation

is accepted without need to undertake any risk reduction
projects. It is developed interactively (or entered in
batch) and stored in the number 0 record of the RRPK
project file. Since no projects are considered in this
decision path, the second probability (PY) is not
applicable as indicated by the NA.

This field contains the probabilities at the W1-WS and
Y1-Y9 nodes which reflect incorporation of risk reduction
projects into the decision process. PWA will contain

the value of PW1, PW4, or PW7 depending upon the report
number (PWB will be PW2, PW5, or PW8, and FWC will be

PW3, PW6, or PW9). PYA will contain the value of PY1, PY4,
or PY7, also depending upon the report number (PYB will

te PY2, PY5, or PY3, and PYC will be PY3, PY6, or PY9).
These values are stored in number 1 through 9 records of
the RRPK project file.
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This is the expected value at W, W1, W2, . . ., W9 nodes

of the decision tree. WA will reflect W1, W4, or W7
depending upon the report number (WB will be W2, W5, or

W8, and WC will be W3, W6, or W9). The value is calculated
as:

Wn = (PWn * Xn + (1 - PWn) * QUTCMC)
where n is blank, 1, 2, . . ., 9.

No path exists for the NORISK PKG situation, therefore,
this field is identified as not applicable (NA).

This is the expected value at the Y1, Y2, . . ., Y9
nodes of the decision tree. YA will reflect Y1, Y4, or
Y7 depending upon the report number (YB will be Y2, Y5,
or Y8, and YC will be Y3, Y6, or Y9). The value is
calculated as:

Yn = (PYn * Zn + (1 - PYn) * OUTCMC)
where n is 1, 2, . . ., 9.

These fields contain the Qutcome D variable equivalent
dollar total from the VARF project file. (See 1F-4F
description). This field will generally be all zeros
since there should neither be benefits nor liabilities
associated with the reject path.

These fields will contain the decision variable prior

to subtracting out the Risk Reduction Package costs. In
the case of the NO RISK PKG leg, the value of the final
decision variable (DECO) is printed so it can be compared
with the same factor for the risk package paths. PSUCCA
will contain PSUCCT, PSUCC4, or PSUCC7, depending upon
the report number (PSUCCB will be PSUCC2, PSUCCS, or
PSUCC8, and PSUCCC will be PSUCC3, PSUCC6, or PSUCCY).
The value is determined by taking the more positive of Wn
or OUTCMD (generally zero).

No path exists for the NO RISK PKG situation, therefore,
this field is identified as not applicable (NA).

These fields will contain the decision variable prior

to subtracting out the Risk Reduction Package costs.
PFAILA will contain PFAIL1, PFAIL4, or PFAIL7 depending
upon the report number (PFAILB will be PFAILZ2, PFAILS, or
PFAIL8, and PFAILC will be PFAIL3, PFAIL6, or PFAILSY).
The value is determined by taking the more positive

of Yn or OUTCMD (generally zero).

Probability of project success is not applicable to the
?SA§ISK PKG path, therefore it is shown as not applicable

[11-108
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This field contains the probabilities that the Risk
Reduction Package in that decision path will be
successfully completed. PIA will contain the value

of PI1, PI4, or PI7 depending upon the report number
(PIB will contain PI2, PI5, or PI8, and PIC will contain
PI3, PI6, or PI9). These values are stored in number

1 through 9 records of the RRPK project file.

The value of the risk package is not applicable in the
NO RISK PKG path, therefore it is snown as NA.

This is the expected value of the decision tree paths

to which Risk Reduction Packages have been applied.
RKPKGA will contain RKPKG1, RKPKG4, or RKPKG7 depending
upon the report number. (RKPKGB will be RKPKGZ, RKPKGS,
or RKPKG8, and RKPKGC will be RKPKG3, RKPKGE, or RKPKGY).
The value is calculated as:

RKPKGn = (PIn * PSUCCn + (1 - PIn) * PFAILn)
where n is 1, 2, . . ., 9.

The cost of the Risk Reduction Package is not appli-
cable to the NO RISK PKG path, therefore it is shown
as NA.

These fields contain the value of the Risk Reduction
Package in that particular decision tree path. At

the time the risk projects were grouped and identified
in the RRPK project file, their individual costs were
added and stored in that file. COSTA will contain
COST1, COST4, or COST7 depending upon the report number
(COSTB will be COST2, COST5, or COST8 and COSTC will
be COST3, COST6, or COST9). The respective record
number in the RRPK project file should be accessed to
obtain this value. When the Decision Analysis has
been completed and the decision path selected, the
respective COSTn value in that path will be stored in
the CMR project file (Type 4 record) for input to the
Financial Analysis routine.

These fields contain the final value on the decision
variable for the respective decision path. DECO will
have the same value previously determined in 1T. DECA
contain DEC1, DEC4, or DEC7 depending upon the report
number (DECB will be DEC2, DEC5, or DEC8, and DECC will
be DEC3, DEC6, or DEC9). This value is calculated as:

DECn = RKPKGn - COSTn

where A 1S by 25 & =« o5 9%
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DTO1 Variable List Summary.
VAR NAME 1/0 SOURCE/DESTINATION REPORT REF
DATE 0 INT GEN/TRER + RPT 1B
RPTNO 0 INT GEN/RPT 2B
NORPTS 0 INT GEN/RPT 3B
RKPKGX-Z 0 INT GEN/TRER + RPT 2D-4D
RANKA-D 0 CALC/TRER + RPT 1E-4E
OUTCMA-D I VARF/TRER + RPT 1F-4F, 1G-4G, 1M-4M,
15-4S

PXp-9 I RRPK/TRER + RPT 1H-4H
PZ1-9 I RRPK/TRER + RPT 2H-4H
Xp-9 0 CALC/TRER + RPT 1S-4S
21-9 0 CALC/TRER + RPT 2K-4K
PWp-9 I RRPK/TRER + RPT IN-4N
PY1-9 I RRPK/TRER + RPT 2N-4N
Wp-9 0 CALC/TRER + RPT 1P-4P

" Y1-9 0 CALC/TRER + RPT 2Q-4Q
PSUCC1-9 0 CALC/TRER + RPT 2T-4T
PFAIL1-9 0 CALC/TRER + RPT 2U-4U
PI1-9 I RRPK/TRER + RPT 2V-4v
RKPKG1-9 0 CALC/TRER + RPT 2W-8W
CosT1-9 I RRPK/CMR + RPT 2X-4X
DECO-9 0 CALC/TRER + RPT 17, 12-47




TAEG REPORT NO. 40

Program P58 (ETAM Variable Scaling Program).

Purpose:

Inputs:

Process:

The objective of this program is to develop a system utility for each
Decision Tree outcome, based upon a summation of the weighted value of
each relevant attribute which is affected by the introduction of the
innovation into the system. The assessor will be provided interactive
capability in assigning attribute values. Prompting technigues will
improve the validity of the overall measure of utility developed for
each potential decision outcome. The first step in the process will

be to graphically characterize the variables associated with each out-
come state. In order to perform this task, the assessor must have a
sound understanding of the organizational goals into which the proposed
innovation is planned to be introduced. Following the graphic charac-
terization of the variables and outcome states, the assessor will
select either the path which treats non-continuous base attributes or
the path which handies continuous base attributes. A procedure is
presented for development of variable values under each of these
conditions. Certain consistency checks can be made in order to improve
the validity of the utilities which the assessor derived.

The program inputs and sources are:

1. Terminal displayed options which the assessor selects, namely:
0 Continuous base attribute
0 Non-continuous base attribute
0 Instructions
0 Quit

2. The assessor should have access the scenarios stored in the SCEN
file of the Project Data Base. A printout of that file was
selectable under Program P60.

3. The relevant qualitative variables which are affected by intro-
ducing the innovation into the system were stored in the VQAL
file and interactively transferred to the VARF file under Program
P60. Thus all of the variables associated with the Decision Tree
outcome states, should now be contained in the VARF file.

4. The Cost/Savings stream over the planning period being considered
for the innovation will have been stored in the CMR file as a
result of one or more cost model runs. A Record Type 9 will have
summary information of the project cost and savings.

5. User interaction based upon terminal prompting will provide the
inputs necessary to converge on the system utility for each of
the outcome states.

The major program process steps are:

1. The Program P5€ is called by Program P60 if the user selects the
DEVELOP QUTCOME UTILITIES (OPTION 6).

2 A display of the select options is presented to the assessor.
The assessor selects either the continuous base attribute option,
or the non-continuous base attribute option. The option exists also
for printing instructions in which case a series of instructions will
be printed and the assessor will then again be displayed the options
for another selection. The assessor can also QUIT, in which case
the program returns t> the major select options under Program P60.

ITI-111
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Under either of the selected options the assessor will prepare a
descriptive (graphical) representation of the attributes.

This step more or less extends the characterization of the outcome
states as outlined in the SCEN file. Its purpose is to prompt a
continued orientation to the operational meaning inherent in the
selected relevant attributes. If this step does not cause the
qualitative variables to be anchored in some operational context,
then in all probability the variables should be eliminated from
consideration.

It is important, at this point, that the assessor have a sound
understanding of the goals of the organization into which the
proposed innovation would be introduced. For each attribute
impacted by the innovation, the assessor should be able to identify
some organizational goal to which it can be related. The prior
emphasis upon an operational and organizational context for each
qualitative attribute should now be apparent. The assessor will
attempt to describe the change to or away from some goal-state
which occurs from introducing the innovation. Estimates will

then be made for the states of each of the other potential outcomes.
Figure III-46 provides a sample result of the estimation process.
Attribute x; (On-Job Flexibility) is estimated at its present
state (x?) which is the state assuming the innovation is rejected.
The assessor believes that this present state is about halfway
(50%) between what is considered barely tolerable and what is
considered ideal. Next, the assessor considers the effect of the
innovation on this variable, if the innovation is successful
(Outcome A). This situation is estimated to improve the state of
the On-Job Flexibility from its present state (50%) t? a point
about halfway to the ideal state. This is shown as X, which is
at the 75% point. Intermediate outcomes (B and C) aré then
estimated. This same process is performed for the remaining
attributes (x2, X3 and x4) -

The preceding approach called for direct estimates of the outcome
points by attribute. There are several other techniques which

may be applied both here, and in a later step dealing with importance
estimates. One or more of these alternate methods should be
considered as a test for consistency (reliability) of the values
estimated.

1) Ratio tests over range x} to xg. Considering the x, attribute
shown in Figure I1I-46, fest the reasonability of the ratios
of each outcome level to the goal and tolerable states. For
example:

a) Is the present state (D) just as far away from the
ideal as it is from the least tolerable state.

b) Does satisfactory introduction of the innovation (Outcome
A) accomplish 50 percent of what is expected in order
to achieve the goal state (x?).

II1-m2
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;
c) Does a failure to implement (Outcome C) result in
essentially no change.

d) If the innovation is implemented but fails to improve
the system as anticipated, (Outcome B), does it contribute
50% as much toward accomplishment of the goal as successful
introduction (Outcome A).

2) Ratio tests over range of possible outcomes. This is similar
to the preceding test, except that the ratio of one outcome
to another, independent of its relationship to the extremes,
is checked. For example, consider the outcomes for the
attribute X5 in Figure I1I-46.

a) Does successful introduction of the innovation (Outcome
A) provide as much satisfaction or utility, as the
unsuccessful introduction (Outcome B) reflacts in
decreased satisfaction or utility.

b) Does twice as much decreased satisfaction or utility
result from unsuccessful introduction (Outcome B) as
does from a failure to implement (Outcome C).

3) Indifference-lotteries over range xF to xg. The indifference-
lottery method look for the point at which the assessor is
indifferent between accepting the results of a specific
outcome with certainty and taking a gamble at prescribed
odds with the potential for receiving either one of two
outcomes. For example, again considering attribute x
in Figure III1-46, would you as the assessor be indifferent
to maintaining the present state (OQutcome D) with certainty,
as opposed to taking a gamble with 50:50 odds of reaching
the ideal state (X?) or dropping to the least tolerable
state (xg). If this is reasonable, then the placement of
Outcome D at the 50% level appears correct.

The preceding sequence of estimates will be prompted for via the
terminal. The assessor will input the values requested which will
be temporarily stored until the completion of the utility scaling
process. At that time, an output report displaying the outcome
states by scaled variable (Report DT02) will he printed.

If there exists one relatively important and quantified benefit
variable, such as dollars, then this path through Steps 5 and 6
will be followed. Each level of each of the other attribute. can
be converted into units of the base attribute by applying a
tradeoff procedure. The graphical representation of outcome
states by attribute developed in Step 4 and presented in Figure
[II-46 will be used as the basic reference for this conversion
process.
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For example, in Figure 111-46, consider that the dollars (cost/

savings variable x;) saved as a result of successfully intro-
ducing an innovation are a dominant aspect of the decision-making
process. A specific dollar cost or savings will have been obtained
as a result of the cost model processing of the outcome scenario
parameters previously created. Assume Outcome A produces a savings
of $500,000 (500K) and Outcomes C and B result in losses or costs
of 100K and 200K, respectively. Outcome D where the innovation

has been rejected is neutral, or zero cost/savings. The dollar
variable, then, has a relatively wide range of outcome possibili-
ties, and is also significant in terms of the values taken on
across the potential outcomes. The dollar dimension is therefore
selected as the continuous base attribute into which the levels

or states of each of the other attributes will be converted.

Consider the attribute, On-Job Flexibility, (xj in Figure III-46).
Qutcome A appears to have a substantial positive value in that it
has the effect of moving the organization half-way to its ideal

or goal-state (from a present state of 50 percent, to 75 percent).
The question can be asked: "How many dollars of the organization's
budget would the decision maker be willing to invest to avoid
losing about the same level of On-Job Flexibility as results from
succé€ssful introduction of the innovation?" The question should
be answered independent of the range of cost/savings possibilities
related to the innovation decision. If the answer were 50K
dollars, then this represents additicnal value (over and above

the 500K savings) to Outcome A. This same process is repeated

for the remaining states of variable xj, as well as for each

state of the variables x; and x3. Where an outcome is less than

the neutral state (as with Outcomes B and C for xp), then the
appropriate question to be asked by the assessor would be: "How

many dollars of the organization's budget would a decision maker
be willing to pay to avoid the decreased level of the attribute
resulting from a decision (and potential outcome from the decision)
regarding the innovation?" The results of such a tradeoff analysis
is tabulated, for example, as follows:

ATTRIBUTE
$(xq) Skil](x3) Motiv(xz) On-Job F]ex(x])

0 A +500K +30K +10K +20K
¥ B -200K +20K -10K +10K
8 C -100K +10K -5K 0
? D 0 0 0 0

Intermediary verbal descriptions for each level would undoubtedly
be used in arriving at these types of value estimates (e.q.,
significant increase in skill level). These should come about
through the analysis from Step 4.
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The output of this step will be defined in the output section of
this program and will be displayed to the user in the report on
variable values by outcome (DT04).

As a result of the previous step, each level or state of all
relevent attributes was converted into a value reflected in the
same units as those of a selected important continuous base
variable such as dollars. If the organization or system utility
for units of the base dimension is linear, i.e., 200K dollars is
preferred exactly twice as much as 100K dollars, then the values
identified for each outcome state can be summed across Outcome A,
then Outcome B, etc. For example, the value of Qutcome A would
be the sum of 500K dollars, 30K dollars worth of skill level, 10K
dollars worth of motivation, and 20K dollars worth of on-job
flexibility; it would be 560K dollars.

In many cases the organization or system utility for dollars will
not be linear. The initial 100K dollar savings may be worth much
more than another 100K (200K total) because it has greater utility
in any application the organization has for dollars. This should
be clear if the first 100K could be invested in a machine that
would double capacity, increase profits, and produce a 100 percent
return-on-investment; while the second 100K has a utility ten
times that of the second 100K. This may be an extreme exanple,
but it should make the point.

The problem, therefore, in this step is to insure that the utility
ultimately determined at some particular outcome reflects the sum
of the utilities for each of the attributes estimated at this
state. An important assumption in this process is that when a
tradeoff estimate is made for some attribute state in units of

the continuous base variable, not in terms of its actual value.
For example, when the system through the action of the decision
maker is willing to commit (as is expected when the tradeoff

value is decided upon) 30K dollars to achieve some X units worth
of increased skill level,, that committed amount takes into account
the utility that 30K dollars has to the system. Therefore the

10K dollars estimated for an increased level of motivation would
have one-third the utility of the 30K only if the system preference
for each 10K increment were equal. Thus, before the utility of

an outcome can be determined, a utility function must be assessed
across values of the base attributes. Procedurally this can be
accomplished as follows:

1) Specify the most and Teast desirable states of the base
attribute. For example, the most desirable may be +500k
dollars while the least desirable may be -200K dollars. Let
these states be assigned arbitrary utilities of 100 and 0,
respectively.

2) Select intermediate points and using a direct estimation,
ratio; and/or lottery technique, determine their utility on
Zhe 0 to 100 scale. These techniques were presented in Step
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Graph the utility function for the base variable in order
that states cf the other attributes can be transformed into
a corresponding utility figure through interpolation. Once
the utility function has been graphed, it seems more psychc-
logically sound to transform the utility scale by making
zero utility equal zero units of the base variable, thus
providing both positive and negative values for utility.

Figure III-47 shows an example of a graph for the utility of
dollars. Some of the interpretations made from it are as follows.
They also represent samples of the means by which the graph could
have originally been constructed.

a.

There is as much utility to the system in obtaining 500K
dollars as there is disutility in losing 200K dollars.

The system represented by the decision maker is relatively
indifferent to a 50:50 gamble between winning 500K dollars
and losing - 200K dollars. The decision maker is, therefore,
conservative and exhibits a substantial aversion toward risk
since a risk neutral decision maker would accept the same
gamble when the chances of winning the 500K dollars are only
about 30 percent. ((p(500) + (1-p)(-200)) p = 28.6%).

There is as much utility to the system in receiving the 100K
dollar increment from 200K to 300X as there is in receiving
the 200K dollar increment from 300K to 500K. In other words
there appears to be diminishing marginal utility for each
additional 100K dollar increment.

There is four times the disutility from losing the first 100K

dollars as there is in losing the second 100K dollar increment.

(Perhaps losing 100K is so damaging that the additional 100K
cannot do that much more harm.)

The states of all attributes previously converted into units of
the base dimension can now be translated directly into utilities
by interpolating from the graph. The following example taken
from Step 6 shows the results. Note that the utility scale
having both positive and negative units is used. The original
dollar values are shown in parentheses.

MmMZooOo+4cC o

ATTRIBUTE

$(xs) Skill(x3) Motiv(xp) On-Job Flex(x;)
A 50 (500K) 8 (30K) 2 (10K) Esz. 5 (20K) Est.
B -50 (-200K) 5 (20K) Est. -8 (-10K) 2 (10K) Est.

C -40 (-100K) 2 (10K) Est. -5 (-5K) Est. 0 (0K)
D 0 (0K) 0 (0K) 0 (0K) 0 (0K)
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The total utility for each outcome can be determined by adding
across: Outcome A = 65, OQutcome B = -51, Qutcome C = -43, and
Outcome D = 0.

An output report giving the variable values by outcome (DT04)
will be produced as an output from this step.

The following technique will be applied when it has been determined
that no dominant continuous base attribute exists. This and the
following Step 8 will permit the development of a system utility
figure for each decision tree outcome; thereby parelleling the
objective of Steps 5 and 6 where there exists a dominant base
variable.

1) Consider the goal-related operational effects projected to
be achieved from successful introduction of the innovation
(points Ays AZ’ Ay» and Ay in Figure I11-46).

2) Select the most important effect considering the importance
of the system goal (all points X3 in Figure I1I1-46), the
present status of the attribute, and the size of the incremental
change resulting from successfully introducing the innovation
into the system.

3) Select the least important effect considering the same
factors as 1n 2) above. These are the points designated as
X% Figure I11-46.

4) Rank all other attributes considering the same factors as in
2).

5) Assign the most important attribute selected in 2) a value
of 1.0. Directly estimate the importance of other attributes
in relation to the most important one.

6) Check the consistency of the importance weights assigned by
the direct estimate technique by performing one or more of
the following additional techniques for estimating importance.

a) Assess ratios of importance between all combinations.
b) Assess points of indifference using a lottery technique.

Returning to the example presented in Figure I11-46, assume that
the continuous base variable costs/savings (xg) is relatively
unimportant, and that it is felt more appropriate to usc the pro-
cedures in Steps 7 and 8 for assessing the system utility at each
outcome. The following sequence of thought-processes might i1lus-
trate the technique for arriving at relative importance values for
the four attributes of Figure I11-46.
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a. The most important attribute is Skill Level (x,) since it is
an important system goal and its present state™is relatively
Tow.

b. Motivation is least important since it is presently at a
fairly nigh level.

c. On-Job Flexibility is considered more important than Cost/
Savings because it contributes significantly to overall
mission in terms of preparedness.

d. Skill Level is assigned a value of 1.0; the remainder in
order are On-Job Flexibility, Cost/Savings, then Motivation.

e. The Motivation attribute is less than half as important as
Skill Level; it is therefore assigned an initial value of .4.

f. On-Job Flexibility is nearly as important as Skill Level.
Motivation is about half as important as On-Job Flexibility,
therefore On-Job Flexibility is assigned a value of .8.

g. The Cost/Savings variable is slightly more important than ;
Motivation, and is judged about half as important as Skill 3
Level; it is, therefore assigned a value of .5. 3

The final importance weights to be assigned each of the four attri-
butes will be:

Skill Level - 1.0
On-Job Flexibility - .8
Cost/Savings - .5
Motivation - .4

These will be applied to the scales shown by the example in Figure
I11-46 to develop a system utility by outcome.

8. At the conclusion of Step 7 each benefit variable has been guanti-
fied in terms of contribution to some specific goal, and its
weight of relative importance to the overall system mission has
been estimated. In this step, the relative importance weighting
factor will be applied to adjust the lengths for each attribute;
the result will be a corresponding assignment of system utility
to each outcome of the rescaled attributes. The following tech-
nique is applied to determine the utility for each outcome.

Figure II1-48 presents an example of the results.

1) Assign an arbitrary scale for system utilities with zero as
the midpoint, the midpoint representing the present system
state.

2) Select the scaled attribute weighted as most important and

anchor its present state (point D) at the zero point of the
arbitrary scale.
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3) Let the total length of the most important attribute scan
exact]y 50 percent of the arbitrary system utilities scale
(this is for convenience and will permit all other attributes
of lesser importance to be contained within the scale).

Skill Level (x?) in Figure I11I-48 is shown to extend from
zero to plus fifty since its anchor point (D) was at the
left most point on its scale in Figure II1I-46.

4) Select the next most important attribute and anchor its
present state (point D) to the zero point of the arbitrary
scale.

5) Let the total length be proportional to the length of the
most important attribute based upon its relative importance
weight as determined in Step 7. 1In Figure I11-48, On-Job
Flexibility with a relative importance of .8 is shown to
extend a length of forty system utility units (.8 x 50).
Since its anchor point (D) is also at the left most point on
its scale from Figure II1-46, it is shown to extend from
zero to plus forty in Figure I1I-48.

6) Repeat 4) and 5) above for the remaining attributes. Figure
[11-46 shows that the other two attributes, Cost/Savings and
Motivation, extend over twenty-five (.5 x 50) and twenty (.4
x 50) units, respectively. Since their anchor points (D)
are between other outcome points, their scales extend in
both a positive and negative direction from the zero or
midpoint.

7) Read the system utilities for all A outcomes from the scale
avd add them a]gebraica{ly, Thus from Figure I11-48, x} = 10,

71;7. x] 40, and Xy = 50; the total of all A outcomes

8) Repeat 7) above for Outcomes B, C and D. !tcome D wéll
a]ways be zero2 Thus from F1gure I11-48, X5 = -10, x§ = -8,
= 20, and x5 = 34; Outcome B tgtal is 36% Outcome C
totals 8 with ig = .5, x = -4, Xy = 0 and x3 iz

In summary, then, the total of the relevant attributes across
each major outcome is as follows:

ATTRIBUTE OUTCOME A OUTCOME B QUTCOME C OUTCOME D
Motivation(xp) 10 -10 -5 0
Cost/Savings(xg) 17 -8 -4 0
On-Job Flexi-

bility(x;) 40 20 0

Skill Level(x3) 50 34 17 0

Total 117 36 8 0
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These are the utility figures which will be inserted into the
decision tree after a consistency check has been performed in
Step 9.

e

As a result of this step an output report giving the variable
- values by outcome (DTO4) will be generated for the assessor to
‘ review.

9. At this point in the procedure, some system utility for each
decision tree outcome will have been generated, either as a
result of the conversion of relevant variables into units of a
continuous base variable as was performed in Steps 5 and 6, or
through application of the techniques outlined in Steps 7 and 8.
Both Steps 6 and 8 recommended crosschecks for the consistency of
the subjective estimates. In this step, a wholistic common sense
appraisal of the relative total utility of each outcome is pro-
posed. The consistency check steps are as follows:

1) Check the ranking of the outcomes for reasonability. From
the examples summarized at the end of Steps 6 and 8, the
following total utilities by outcome were obtained.

Step 6 Step 8
OUTCOME A 65 117
OUTCOME B -51 , 36
OUTCOME C 43 8
OUTCOME D 1 0

As is seen the results are quite different between the two,
however, the assumptions were quite different and there was
no intent that the results in any way be similar.

At this stage, the assessor should make the intuitive assess-
ment on the order of outcomes for each of the innovations
leading to the above summarized results.

a) Is the order reasonable for the innovation processed
through Step 6, i.e., A, D, C, then B?

b) Is the order reasonable for the innovation processed
through Step 8, i.e., A, B, C, then D? Does it seem
reasonable that acceptance of the innovation, no matter
what the final outcome, will provide more utility to
the system than outright rejection?

2) Check the ratios of outcomes to one another for reasonableness.

a) From the Step 6 results, does Outcome B appear to
provide as much negative utility as Outcome A provides
positive utility? Are Outcomes B and C just about as
bad for the system?
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b) From the Step 8 results, does Outcome A appear to
provide over three times the utility as Outcome B?

’ 3) If the results of 1) and 2) above do not appear to be reason-
able in terms of the separations of the values of the outcomes,
and their negative or positive direction with respect to the
pres2nt system state, reexamine the following.

a) Have all relevant variables (impacts of the innovation)
been explicitly identified and/or taken into account?

b) Have realistic scenarios been created for each outcome
considering operational effects?

c¢) Have the individual attributes been realistically
assessed with respect to the system's goals?

d) Have the attributes been weighted realistically?
Qutputs: The major program outputs and their destination are:

1) The final 11st of relevant variables o which values will be
assigned. These will be selected from the list originally stored
in the VQAL project file, and along with the Cost/Savings vari-
able, will ‘be stored in the VARF project file.

; 2) The relative importance of each of the relevant variables. An
importance weighting factor from .1 to 1.0 will be assigned to
each variable and stored in the VARF project file in the data
record for the variable.

3) The weighted value of each relevant variable (including Cost/
Savingsg for each of the potential decision outcomes. These
values will be developed by the assessor and stored in the VARF
project file.

4) A total of the weighted values of each relevant variable for each
potential decision outcome. These will be calculated by the
program and stored as a separate data record (999 record) in the
VARF project file,

5) The graphical characterization of the outcome states by scaled
variable will be presented in an ETAM DECISION OUTCOME STATES BY
SCALED VARIABLE (DT02) report. The format of this report is
shown in Figure III-49. The SEQ NO (G1-Z1) and VARIABLE NAMF
(G2-Z2) columns are taken from the VARF file. REL IMP (G3-13)
would represent an initial relative importance loaded into the
VARF file since 1t 1s not developed interactively until process
Step 7. Since 1t is stored in the VARF file as a number from !
to 10, 1t must be scaled by a factor of 1/10th before entering on
the DT02 report. The PERCENT OF DISTANCE TO GOAL STATE (G4-24)
is developed interactively in process Step 4. An example of a
DTOZ report is shown in Figure 111-50.
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6) The ETAM DECISION QUTCOME STATES BY VARIABLE (DT03) report
presents the variables as scaled in Step 8 to represent System
Utilities. Columns 1, 2, and 3 are the same as defined in the
DTO3 report. Column 4 portrays the variables with the Reject
outcome for each variable set to the zero point on the scale, and
the remaining outcomes scaled by the relative importance factor.
A SEQ NO 999 (Z1) record summarizes the system utilities by
outcome (Z4). Figure III-51 shows the format of report DT03 and
Figure III-52 provides an example.

7) Another summary report gives the ETAM DECISION VARIABLE VALUES
BY OUTCOME (DTO4). Figure III-53 shows the DT04 report format.
Columns 1, 2, and 3 are the same as reports DT02 and DTO3.
Columns 4, 5, 6, and 7 give the quantification of the outcomes by
variable as developed interactively either in Step 6 for continu-
ous base attributes, or in Step 8 for non-continuous base attri-
butes. Figures III-54 and III-55 give examples of the DT04
report for the cases when Steps 5-6 were taken or Steps 7-8 were
followed, respectively.

Program P59 (Assigning Probabilities)

Purpose:

Inputs:

The decision tree structure incorporated within ETAM requires the
assessor estimate a number of probabilities associated with various
decision outcomes. This porgram interactively prompts the user in
assigning probability values to any of the decision tree nodes which
were shown in Figure III-44. The probabilities on the path with

NO RISK REDUCTION PROJECTS (DECO) are estimated based upon the risks
which were outlined in the RKP file (Figure III-10.). These risks can
be associated wither with getting the innovation physically implemented;
i.e. designed, developed, manufactured, and installed, or with gaining
user acceptance once the innovation is installed and operational. Thus,
the assessor in performing this probability assignment function must
have a clear concept of -the implications of the identified risks upon
the incorporation of the innovation into the system.

Probabilities may be estimated initially prior to creating the Project
Data Base. This program may also be called as a part of the ETAM Risk
Reduction Project Grouping (Program P56), or it may be used within the
ETAM Decision Analysis function to refine the probabilities prior to
running the program to calculate the decision variables. In all cases,
the probabilities are stored in the RRPK file. Its format was previously
described within the section on the Project Data Base, and an example of
its contents were shown in Figure III-12.

In addition to estimating probabilities for for NO RISK PKG path, proba-
bilities are required for each path for which a group of risk reduction
packages has been defined.

This program has the capability of permitting the assessor to print the
RPK, RRPJ, and RRPK files via terminal control. Interactive terminal
prompting elicits user responses which, hopefully, converge cn a set of
valid probability estimates for the nodes of the decision tree. The
potential variables to be estimated are: PX, PW, PX1 thru PX9, PW1 thru
PW9, PZ1 thru P29, and PI1 thru PIS.
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Process:

The major program process Steps are:

|7
e
3.
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Provide user with option to review RRPK file contents.
Permit selection of Risk Group (0-9) to be assigned probabilities.
Permit selection of specific probability groups to be estimated.
Group 1 - Probability of Risk Package Success
These probabilities would be assigned to the first
three of the nine probabilities in the 1-1, 2-1, 3-1,
etc. records of the RRPK file (the 0-1 record does not
have any Risk Package). The first of the three proba-
bilities represents the most pessimistic estimate, the
middle probability the median estimate, and the third
probability the most optimistic estimate.
Group 2 - Probability of Implementation Success
These probabilities would be assigned to the second
three of the nine probabilities in the 0-1, 1-1, 2-1,
3-1, etc. records of the RRPK file. The three proba-
bilities are in the same order as Group 1.
Group 3 - Probability of User Acceptance Success
These probabilities are assigned to the third three
of the nine probabilities in the 0-1. 1-1, 2-1, 3-1,
etc. records of the RRPK file. The three probabilities
are in the same order as Group 1.
Estimate the probability selected. This is an interactive session
which prompts the assessor until a reasonably valid estimate of the
probability group under consideration has been made. The prompting
sequence would start:*

ESTIMATE MOST OPTIMISTIC PROBABILITY OF (A) SUCCESS???

(A) depends on group chosen, i.e.,

Group 1 - (A) = RISK PKG %
Group 2 - (A) = IMPLEMENTATION g
Group 3 - (A) = USER ACCEPTANCE i

User responds: 80 for example.

ESTIMATE MOST PESSIMISTIC PROBABILITY OF (A) SUCCESS???
User responds: 50 for example.

The program then sets up a series of three values and the user is
requested to estimate his preference for the range into which the
most likely probability falls. The two extreme values in this
prompting sequence will be the prior OPTIMISTIC/PESSIMISTIC estimates.
For example:

50 65 80

*This technique is based on the following reference. With the permission of Dr.
Spetzier, a section of the referenced report is reproduced in Appendix E.
Spetzler, Carl S. and Staél von Holstein, Cari-Axel S., 1972. Probabilit
Encoding in Decision Analysis, paper presented at the ORSA-TIMS-ATEE 1972 Joint

National Meeting, Atlantic City, N. J., 8-10 November 1972. Stanford Research
Institute, Menlo Park, California.
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If the user feels the most 1ikely probability 1s in the 50 to 65
range rather than the 65 to 80 range, the user responds 12, 1.e.,
range 1 is preferred to range 2. Based upon this response, the
user {s presented with a new set of values, for example:

50 60 80

If the user responds, 21; i.e., range 2 is preferred to range 1,
another set of numbers would be printed.

50 63 80

This would continue until the user responds EQ; f.e., the ranges
are equal and 63 represents the most 1ikely value.

The middle value is calculated as: 1if the preference continues
initially in the same direction, the first values are 1/6th of
the difference between the optimistic and pessimistic ((80-50)/6
= 5). If the preference reverses, then the reversed value is %
of the value used in the previous sequence. A sample sequence is
as follows:

20 50 © 80 21
20 60  '80 7T
20 70 80 \H
20 65 80 T2
20 60 80 2T
20 63 80 30}

The interval between the optimistic and pessimistic estimates is
then trisected with the initial values dependent upon the results
of the previous bisected sequence. For example, the initial
values based upon a most 1ikely value of 63 would be:

20 41 71 80

The value 41 is halfway between the pessimistic value of 20 and
the previously selected most 1ikely value of 63. Likewise, 71 is
halfway between the most l1ikely value of 63 and the optimistic
value of 80.

The user is requested to order a preference for the three ranges;
e.g., 321, range 3 (71-80) is preferred to range 2 (41-71), and
range Z 1s preferred to range 1 (20-41). The user continues to
receive a presentation of ranges until a response 1=2=3 can be
made. When two of the ranges are equal and preferred to the
third, it is indicated as 1 = 23; i.e. range 1 and 2 are equal
and preferred to range 3. A sample sequence is as follows:

20 41 A 80 213
20 41 67 80 213
20 4 65 80 231
20 52 65 80 T=23
20 46 64 80 21=3
20 49 63 80 321
20 50 64 80 |1




Outputs:
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The algorithm for successive adjustments is similar to the
bisection algorithm, that is initial movements in one direction

are % the difference that exists between the number being changed
and the prior most likely estimate; e.g., 71-63 = 8, 8/2 = 4,

71-4 = 67. This half adjusting continues until a change in the
preference order is reflected in the user response, after which

the other intermediate value; e€.g. 41 is half adjusted. 63-41 = 22,
22/2 = 11, 63-11 = 52,

This series of prompting can continue as shown by the example in
Appendix E. Resolution of inconsistencies between the results of
the several estimation paths should be reconciled and the most
likely value selected for insertion.

5. Repeat Steps 4 and 5 until all probabilities have been estimated.

6. The values selected will be outputted to the RRPK file opposite the
the NO RISK PKG (0-1), RISK PKG 1 (1-1), etc. records following
the final iteration of Steps 4 and 5.

The major ouputs from this program are:

1. Displays to the user requesting selection of options.
0 Assign Probabilities
) Instructions
o] Quit

2. Prompting messages requesting preference orders for probability
ranges.

3. Storage of the selected probability values in the RRPK file.

Program P60 (Calculate Decision Variables).

Purpose:

Inputs:

This program calculates the decision variables for each alternative
decision path. It provides an ETAM DECISION ANALYSIS DETAIL REPORT
DTO1. Program P6C is also the control program for the Decision
Analysis function. It checks for available data to perform a decision
tree calculation then provides the user with various select options

for renewing Project Data Base files establishing qualitative variables,
developing outcome utilities, assigning probabilities, or performing

the decision tree calculations. The primary functions were shown in
the previous Figure II11-43.

The major inputs to this program are:

1.  VARF and RRPK data for determining if minimum data requirements
are met for performing decision tree calculations.

2. User terminal selected options for controlling the processing
sequence. 4

3. VARF and CMR file date for performing the decision tree
calculations.




Process:

Outputs:
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The major process steps are:

1.
2.

Check RRPK file for existence of Record No. 0 which would
indicate NO RISK PKG data are available for calculations.
Check VARF file for existence of Record No. 999 which would
indicate a total record for the variable values stored in
that file.

Set a2 RUN or NORUN condition flag based upon the availability
of data in Steps 1 and 2.

The user is provided a display of the selection options
which are:

Review SCEN file

Review VQAL file

Review VARF file -
Establish qualitative variables pattern
Run tree calculations

Develop outcome utilities

Assign probabilities

Quit

0O00O0OO0O0O0O0O0OOO

The user selects one of these options from the terminal which
will cause the branch either to program P1 to display the contents
the VARF, VQAL, or or SCEN files; or to Program P58 to develop
outcome utilties, or to Program P59 to assign probabilities, or
to sections of P60 for efther performing Decision Tree calculations
or establishing the variables in the VQAL file.
Provided the data in RRPK and PARF was sufficient to run, the
selection of the RUNDTREE calculations options will perform the
calculations and print the DTO1 report as previously outlined

in the section entitled ETAM Decision Analysis Detail Report

DT01). The processing Togic for these ca‘culafions s embodied

n that section.

If the option to establish qualitative variables is selected
the user will receive a display of the VQAL variables and be
requested to select one of the variables for entry into the
VARF file. Movement of that variable into the VARF file will
permit that variable to be considered in the assessment of outcome
utilities within Program P58.

Following completion of any of the options other than Quit,

the user will be branched back to the display of the options
for selection of another one.
The Decision Analysis function is exited by entering Quit when
the select options are displayed.

The major outputs of Program P60 are:

1.
2.
3‘

An ETAM Decision Analysis Detail Report (DTO1) will result
from the Decision Tree calculations program.

The output of the Decision Tree calculations will be placed
in the TRER file for future reference.

If the selected alternative contains a Risk Reduction package;
{.e., the path 1, 2, ..., 9 is selected. The value of the
Risk Reduction package; i.e., COST1, COST2, etc. is stored

in the CMR file Project Total Record NO. 9.
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ETAM FINANCIAL ANALYSIS. Financial reports may be generated by invoking the FIN
routine. A Project Number is requested which initiates a search of the Alternate
Project File for that project. A financial comparison of any two projects, one
of which must include the primary project, may be run based upon the latest Cost
Model Results for those two projects. Financial Analysis report FAO1 will

always be generated for the financial comparison requested. If a financial
analysis of the primary project and all valid alternate projects is requested,

an FAO1 report will be generated for each, and in addition, an FA0O2 summary
report will also be generated. Figure I11-56 shows the process flow for the
Financial Analysis routines within the ETAM Assessment function.

The major objectives in performihg the financial analysis are to:

1. Develop a figure of merit (rate of return on investment) as well as
other comparative factors for the proposed innovation and for any
potential alternatives to the proposed innovation.

2. Develop a rate of return figure for the incremental investment re-
quired of one alternative over another.

The first objective is achieved by applying a discount factor to the investment
and cost/savings streams such that the discounted present value of the two
streams is equal. This rate of return on investment can be compared with the
same calculations made for alternative investments to aid in making a selection
decision. If the calculated value for any single proposal is below some accept-
able threshold value, the decision to reject the proposal may be warranted. A
similar approach can be taken by selecting the threshold discount rate and
applying it to the investment and cost/savings streams. The difference or Net
Present Value (NPV) of these two, if positive, provides another measure of worth
for undertaking the project. As with the rate of return on investment figure,
the NPV can be compared among investment alternatives for making a selection
decision. Two other figures useful for comparing alternatives are (1) the
Savings Investment Ratio which will be some figure greater than one if the NPV
were positive, and (2) the Uniform Annual Cost that provides the average annual
cost which is useful for comparing alternatives which have differing useful
lives, i.e., different planning periods.

The second objective is achieved by taking mutually exclusive alternatives and
calculating the previously identified figures of merit for differences in invest-
ment and cost/savings streams of each separate alternative. This provides
figures of merit on the incremental investment required of one alternative over
another.

These calculated values, plus the component values of the total investment and
total recurring cost/savings, are presented in several financial report:.

ETAM Alternative Analysis Report (FAO1). The following identifies data sources
and calculational Togic for generating the fields on the ETAM Alternative
Analysis Report. Fields outlined on the report layout not described here are
fixed, and are generated by the program format statemerts. A sample report
showing data elements by column/row coordinate :is shown in Figure I11-57.

i
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COL/ROW  VARIABLE
1C - DATE
1E - PROJA
2E - PROJB
\F - YSRA
2F - YRSB
1J - INVNDA
2J - INVNDB
3J - INVNOT
1K - RECNDA
2K - RECNDB
3K - RECNDT

new REFURT NU. QU

DATA SOURCE AND/OR CALCULATIONAL LOGIC

This field is generated within the system and developed
as MM/DD/YY.

This field represents the Project Number of the primary
project under analysis and to which alternative projects
will be compared. It will be passed to this routine as a
parameter.

This field identifies an alternative project being com-
pared. It may be .identified by the user based upon a
review of project numbers stored within the ALTP (Alter-
native Project) file in the Project Data Base. A para-
meter {s generated as in 1E above.

This field identifies the number of years over which the
project (PROJA) has been analyzed. Its source is the

CMR (Cost Model Results) project file for PROJA. Where
the CMR contains output from more than one cost model and
the years of project 1ife are different, the greater
number of years should be used.

This field identifies the number of years over which the
project (PROJB) has been analyzed. Its source is the
CMR project file for PROJB. Where the CMR contains out-
put from more than one cost model and the years of
project 1ife are different, the greater number of years
should be used.

This field contains the sum of non-discounted annual
investments for PROJA from the CMR for that project.
This sum may contain the results of multiple cost model
outputs as well as any investment from undertaking risk
reductiont projects.

This field contains the sum of non-discounted annual
investments for PROJB from the CMR for that project.
This sum may contain the results of multiple cost model
outputs as well as any investment from undertaking risk
reduction projects.

INVNDA - INVNDB

This field contains the sum of non-discounted annual
recurring costs and saving for PROJA from the CMR for
that project. This may contain the results of multiple
cost model outputs. :

This field contains the sum of non-discounted annual
recurring costs and savings for PROJB from the CMR for
that project.” This may contain the results of multiple
cost rmodel outputs.

RECNDA-RECNDB
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This field contains the sum of discounted annual invest-
ments for PROJA. This is the present value (PV) of the
stream of investments summed into INVNDA and is calcu-
lated as:

(- 21%{$7n) for n = 1 to the value of (YRSA -1).

The value of r (discount rate) is either inputted by the
assessor or defaults to .10 (10%).

This field contains the sum of discounted annual invest-

ments for PROJB. ‘This is the present value (PV) of the f
stream of investments summed ir%o INVNDB, and is calcu- i
lated as: : i
(- 24r ) for n = 1 to the value of (YRSB - 1

2 (1+r)n

The value of r (discount rate) must be the same as used
for INVPVA.

INVPVA - INVPVB

This field contains the end (or salvage) value, discounted,

for the PROJA investments included in INVPVA. Its source

is the final year (YRSA) of the investment stream (INVNDA),

discounted as: 2+r _where n = YRSB and r is the discount
2(1+r

rate used for INVPVA.

This field contains the end (or salvage) value, discounted, 4

for the PROJB investments included in INVPVB. Its source ¥
is the final year (YRSB) or the investment stream (INVNDB), i
discounted as: 2+r __ where n = YRSB and r is the discount i

+r) ¥

rate used for INVPVA.
ENDPVA - ENDPVB
INVPVA - ENDPVA
INVPVB - ENDPVB
INVTA - INVTB

This field contains the sum of discounted annuai recur-
ring costs and savings for PROJA. This is the present

value (PV) of the stream of recurring costs/savings
summed into RECNDA. It is calculated similar to INVPVA.

o amatkhis g

This field contains the sum of discounted annual recur-
ring costs and saving for PROJB. This is the present
value (PV) of the stream of recurring costs/savings
summed into RECNDB. It is calculated similar to INVPVB.

RECPVA - RECPVB g
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This field contains the discount rate applied to the
various cost/savings streams in PROJA to calculate each
of the present values. Its source is the assessor input
for prior calculations or the default value of .10 (10%).

This field contains the discount rate applied to the
various cost/savings streams in PROJB to calculate =ach
of the present values. It is equal to DISCA.

DISCA = DISCB (both PROJA and PROJB have been discounted
at same rate).

RECPVA/INVTA
RECPVB/INVTB
RECPVT/INVTT

This field is calculated by finding the value r in the
equation ZT%;$7“.(where n = year) which applied to the

investment stream summed into INVNDA and to the recurring
costs/savings stream summed into RECNDA makes the discounted
values equal to each other. The CMR project file for PROJB
contains both vectors to be discounted.

This :1eld ;s calculated by finding the value r in the

equation +r where n = year) which applied to the
ZTFTFﬂT( year) PP

investment stream summed into INVNDB and to the recurring

costs/savings stream summed into RECNDB makes the discounted

values equal to each other. The CMR project file for

PROJB contains both vectors to be discounted.

This field 1s calculated by finding the value r in the
equation _ 2+r  (where n = year) which applied to the

+r
vector difference (INVNDA* - INVNDB*) of investments and
to the vector difference (RECNDA* - RECNDB*) for recurring
cost/savings, makes the discounted values equal to each
other. As previously outlined, the CMR project files for
PROJA and PROJB contain these vectors.

INVTA/  ((24r)/2 (14r)M)n = 1 to YRSA where YRSA is the
planning period for PROJA and r {is the rate at which invest-
ment and cost/savings streams were discounted.

INVTB/  ((2+r)/2(1+r)N)n = 1 to YRSB where YRSB is the

planning period for PROJB and r is the rate at which invest-

ment and cost/savings streams v.re discounted.

INVTT/  ((24r)/2(1+r)")n = 1 to I where I {s the greater
of the planning periods for either PROJA or PROJB, and r
is the rate at which investment and cost/savings streams
were discounted.
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The results of each analysis of an alternative project against the primary
project is stored in the FINR (Financial Results) project file. The entire FINR
project file for the project under analysis routine is called to calculate new
FAO1 data, if, and only if, a different discount rate is used. Otherwise the
new or repeat analysis due to an addition or change of an alternative project is
entered into the FINR project file as a replacement if the alternative project
number already exists, or as an addition if the alternative project number is
new. The data elements in Column 1 of FAOl report are stored only once; the
data elements in Column 3 are stored from each run of an FAO1 report. The FINR
data elements are essentially those which appear on the ETAM Alternative Analysis
Summary Report (FA0Z). These data elements stored within the FINR project file
are: . .

1C ~ DATE

1E ~ PROJA 2E - PROJB (1-5 if available)
1F -~ YRSA 2F - YRSB (1-5 if available)
1P ~ INVTA 3P - INVTT (1-5 if available)
1R ~ RECPVA 3R - RECPVT (1-5 if available)
1T -~ DISCA

1V - RORA 3V - RORT (1-5 if available)
1W - UNIFA 3W ~ UNIFT (1-5 if available)
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FAO1 Varjable List Summary.

Var Name 1/0 Source/Destination Report Ref

DATE 0 INT GEN/FINR4RPT 1

PROJA-B I EXEC PARAM/FINR+RPT 1E-2E

YRSA-B I CMR/F INR+RPT 1F-2F

INVNDA-B 1 CMR/RPT 10-2J

INVNDT 0 CALC/RPT 3J

RECNDA-B I CMR/RPT ' 1K-2K

RECNDT 0 CMR/RPT 3K

INVPVA-B-T 0 CALC/RPT 1M-3M

ENDPVA-B-T 0 CALC/RPT IN-3N

INVTA-T 0 - CALC/FINR+RPT 1P+3P

INVTB 0 CALC/RPT 2p

RECPVA-T 0 CALC/FINR+RPT 1R+3R

RECPVB 0 CALC/RPT 2R

DISCA I INTERACTIVE/FINR+RPT 1T

DISCB-T 0 CALC/RPT 27-3T

SIVRA-B-T 0 " CALC/RPT 1U-3U

RORA-T 0 CALC/FINR+RPT 143V :

RORB 0 CALC/RPT 2v ?

UNIFA-T 0 CALC/FINR+RPT TW+3W i

UNIFB 0 CALC/RPT 2 i
|
|
|
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} ETAM Alternative Analysis Summary Report (FAQ2). The following identifies the

data sources and calculational logic for generating the fields on the ETAM
Alternative Analysis Summary Report. Fields outlined on the report layout not
i described here are fixed, and are generated by the program format statements.
| A sample report showing data elements by column/row coordinate is shown in

Figure III-58.
COL/ROW VAR
3B DATE
1G PROJA
1
: 1H YRSA
1K INVTAK
1L RECPVAK
M NPVAK
1P DISCA
1Q SIRVA
1R RORA
1S UNIFA
2G PROJB1
3G PROJB2
4G PROJB3
5G PROJB4
6G PROJBS

DATA SOURCE AND/OR CALCULATIONAL LOGIC

This field is operated within the system and developed
as MM/DD/YY.

This field represents the Project Number of the primary
project under analysis and to which Alternative Projects
will be compared. It is stored within the FINR project
file name (fn). (Same as FAQ1 1E-PROJA)

This field identifies the number. of years over which the
project (PROJA) has been analyzed. It is stored within the
FINR project file. (Same as FAO1 1F-YRSA)

This field contains the Total Present Value of the New
Investment. It is calculated by taking the INVTA (Same
as FAO1 1P-INVTA) in the FINR project file and dividing
by 1000. (INVITA/100C).

This field contains the Total Present Value of the
Recurring Cost/Savings stream. It is calculated by taking
the RECPVA (Same as FAO1 1R-RECPVA) in the FINR project
file and dividing by 1000 (RECPVA/1000).

RECPVAK-INVPVAK

This field contains the discount rate used to calculate
the FAO1 report and is obtained from the FINR project
file. (Same as FAQ1 1T-DISCA).

RECPVAK/ INVTAK

This field contains the Rate of Return on Investment
calculated for PROJA and stored in the FINR project file
(same as FAQ1 1V-RORA).

This field contains the Uniform Annual Investment Cost
calculated for PROJA and stored in the FINR project file
(same as FAO1 1W-UNIFA).

This field identifies an alternative project which

was compared to the primary project and outputted on

an FAO1 report. It will have appeared as a PROJB on

:h?t report. It is stored within the FINR project
ile.
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2H - YRSBI1
3H - YRSB2
4H - YRSB3
5H - YRSB4
6H - YRSBS
2K - INVTTI
3K - INVTT2
4K - INVTT3
5K - INVTT4
6K - INVTTS
2J - RECPVTI
3J - RECPVTZ
49 - RECPVT3
5J - RECPVT4
6J - RECPVTS
2M - NPVTI
3M - NPVT2
aM - NPVT3
5M - NPVT4
6M - NPYTS
2P - DISCT1
3p - DISCT2
4P - DISCT3
5P - DISCT4
6P - DISCTS
2Q - SIVRTI
3Q - SIVRT2
4Q - SIVRT3
5Q - SIVRT4
6Q - SIVRTS
2R - RORTI
3R - RORT2
4R - RORT3
5R - RORT4
6R - RORT5
25 - UNIFTI
3S - UNIFT2
4s - UNIFT3
55 - UNIFT4
6S - UNIFTS

uonou uwon L LI N { B ||
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This field identifies the number of years the project
was analyzed. It will have appeared as a YRSB on the
FAO1 report. It is stored within the FINR project file.

This field contains the Net Difference in the Total

Present Value of the New Investment for the Primary
Project and the particular Alternative Project. It

is calculated by taking the INVTT (same as FAO1 3P-INVTT)
in the FINR project file and dividing by 1000 (INVTT/1000).

This field contains the Net Difference in the Total Present
Value of the Recurring Cost/Savings for the Primary Project
and the particular Alternative Project. It is calculated
by taking the RECPVT (same as FAO1 3R-RECPVT) in the FINR
project file and dividing by 1000 (RECPCT/1000).

RECPVTT-INVTTI]
RECPVT2-INVTT2
RECPVT3-INVTT3
RECPVT4-INVTT4
RECPVTS-INVTTS

DISCA
DISCA
DISCA
DISCA
DISCA

RECPVT1/INVTTI
RECPVT2/INVTT2
RECPVT3/INVTT3
RECPVT4/INVTT4
RECPVTS/INVTTS

This field contains the Rate of Return on Investment
calculated for the Net Difference in the Investment and
Recurring Cost/Savings vectors for the primary and alter-
native project, and stored in the FINR project file

(same as FAO1 3V-RORT).

This field contains the Uniform Annual Investment Cost
calculated for the Net Difference between the Primary

Project and an Alternative Project, and stored in the

FINR project file (same as FAOT 3W-UNIFT).
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FAQ2 Variable Summary.

Var Name

DATE
PhOJA
YRSA
INVTAK
RECPVAK
NPVAK
DISCA
SIRVA
RORA
UNIFA
PROJB1-5
YRSB1-5
INVTTI-5
RECPVT1-5
NPVT1-5
DISCT1-5
SIVRTI-5
RORT1-5
UNIFT1-5

. —
— — o (o) o o o — — — -— () - o () o -— — o IB
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Source/Destination

INT GEN/RPT
FINR/RPT
FINR/RPT
CALC/RPT_
CALC/RPT
CALC/RPT
FINR/RPT
CALC/RPT
FINR/RPT

‘FINR/RPT

FINR/RPT
FINR/RPT

CALC/RPT
CALC/RPT
CALC/RPT
" CALC/RPT
CALC/RPT
FINR/RPT
FINR/RPT

Report Ref
3B

1G

TH

1K
L
™
1P
1Q
1R
15
2G-6G
2H-6H
2K-6K
2J-6J
2M-6M
2P-6P
2Q-6Q
2R-6R
25-6S
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Rate of Return on Investment Algorithms. The calculation of the Rate of Return

on Investment required in the Financial Analysis routine is performed by an
iterative algorithm as follows:

) &

Make an initial estimate of the Rate of Return (RORE) by assuming
the total investment takes place at time t = 4 and that the savings
stream (RECND*) occurs in equal installiments over the planning
period (N)

The cumulative annual discount factor (RCUM) would discount an equal
amount savings stream (RECND*)/N) to the value of the investment stream
(INVND*) is given by

a) RCUM = (INVND* * N)/RECND*

A polynomial of order N must be solved for the Rate of Return to
establish the initial value. The polynomial is defined as:

b) (RCUM - N) +

k=N-1 /7 h
N! * RCUM - N! RORE .
; K(N—k}!‘k! _ (N-k-])!(kHD >

RCUM * ROREN = 0

If the savings stream were actually in equal annual amounts, and the
investment all took place at t = 0, this calculation will produce an
RORE which will be higher than the true rate since the polynomial is
based upon the formula for the savings occuring at the end of each
year; i.e.:

c) k=N
; 1/(1+RORE)K,

rather than the formula for the savings occurring throughout the
year, i.e.:

d) k=N "
; (2+RORE)/(2(1+RORE) ")

An algorithm for evaluating the polynomial b) is shown in the following
flow, Figure III-59.

Since the initial estimate will generally be slightly high, choose a
value approximately .01 (1%) lower than the RORE solution from 1. above.
Using the formula 1.d), discount both the investment stream (INVND*) and
the recurring savings stream (RECND*) over the planning period (N).

I11-149
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k=N K

a) INVPY = z; INVND

k=N " K
RECPV = ;‘- RECND® * (2+RORE)/(2(1+RORE)")

* (2+RORE)/(2(1+RORE))

If RECPV is greater than the investment INVPV then the value of

RORE 1s too small and should be increased by .005 (.5%). If RECPV

is less, then reduce RORE by .01 (1%). Repeat the process by halving
the increment/decrement values on each successive iteration until RORE
is calculated to the desired level of accuracy. To ensure that a con-
tinuous loop 1s not encountered, a suitable test should be set up to
cause an exit from the routine. An example of an iterative sequence
is shown in the following flow, Figure III-59.

Program P62 (Financial Analysis Setup).

Purpose:

Inputs:

Process:

This program establishes the run parameters for the Financial Analysis
calculations and reports.to be performed by program P63. It provides
the user with interactive capability to produce several of the Project
Data Base files, to run the Financial Analysis Program, or to exit
routine. The analysis requirements are established by identifying the
&1ternate projects which are to be financially analyzed. The option to
analyze all alternate projects in relation to the primary project is
available to the user.

The primary inputs to this program are:

0 ALTP file for identification of alternative projects.
0 User interactive terminal input to control the processing sequence.

The following are the major process steps for Program P62:

1. The ALTP file is analyzed to determine if alternate project ID's
exist and, 1f they represent valid project identifiers. Any
invalid project identifiers are displayed.

2. The user recefves a display of the select options. They are as
0 Display ALTP file
0 Review ID file of selected ALTP project ID
0 Run Financial Analysis
0 Quit

3. If the user selects either of the dislay or review options,
Program P1 is called in order to display the contents of either
the ALTP file or the contents of the ID file represented by the
alternative project identifiers.

4. If the Run Financial Analysis option is selected, the user is
displayed three options, namely:

0 Single analysis
0 Analyze all
0 Quit
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9 * INITIALIZE * CALCULATE LOOP;
CALCULATE
INVPV BY
- DISCOUNTING
TEME =00 INVND*® STREAM
USING RORE
CALCULATE
3 RECPV:-BY
ICT=0 DISCOHNTING
1ACC - 5° RECNG*STREAM
USINGIRORE
RORE = * TEST -
RORE - TEMP RECPV - INVPV

* MODIFY FOBDESIRED
LEVEL OF ACQURACY

RORE =
RORE - TEMP

ICT =
1ICT+ 1

TEMP =
TEMP/2

RORE =
RORE +
TEMP

END

FIGURE 111-569. EXAMPLE OF INTERACTIVE SEQUENCE FOR
CALCULATING RETURN ON INVESTMENT (ROI)
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Outputs:
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5. The user selects one of these options and the program sets up the
run conditions for entering the financial analysis Program P63.
Selection of the single analysis option will cause only an FAOI]
Financial Analysis Report comparing the primary project with the
selected ALTP project to be printed. Selection of the Analyze
A1l option will cause Program P63 to print an FAQO1 report for
each ALTP within the ALTP file and a FAO2 Financial Analysis
Summary report.

The major output of Program P62 is a series of displays which request
the user to enter an option for controlling the processing sequence
of the reports generated as a result of the selected sequences are
generated by either Program P1 or Program P63.

Program P63 (Financial Analysis Calculations).

Purpose:

Inputs:

Process:

Outputs:

The purpose of this program is to perform the financial calculations
necessary to determine several financial measurement factors, and

to print comparative and summary reports on the projects selected for
comparison with the primary project.

The primary inputs to this program are:

1.  The run parameters established by Program P62.

2. The cost model results data previously established by the cost
model runs-and the Decision Analysis Program P60.

The process steps required to perform the financial calculations were
previously outlined in the sections entitled ETAM Alternative Analysis
Report (FAO1) and ETAM Alternative Analysis Summary Report (FA02).

A computational algorithm for computing Rate of Return on Investment
is presented in a separate section following the outTine of the FAQ2
report.

The outputs of Program P63 are:

1. An ETAM Financial Analysis Report (FAQ1)

2. An ETAM Financial Analysis Summary Report (FA02).

3. The results of each of the financial comparisons calculated by
this program are stored in the FINR file.
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SECTION 1V

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The following conclusions are based upon a rather broad investigation into the
use of models and procedural techniques in the decision making process. Much of
the literature deals with highly theoretic concepts which are difficult to apply
to the pragmatic requirements of making and implementing a decision. These con-
clusions are based upor the level of design and development achieved to this
point on the Educational Technology Assessment Model. Range-of-Effect was
developed to a functioning level, however, the Abbreviated Data Bases which are
the objects of the Range-of-Effect search contain a limited subset of the
Courses, Vehicles, and Job/Tasks relative to naval training and operations.
Thus, these conclusions do not reflect any substantial use of a computerized
version of ETAM, but rather consider the techniques inherent in the application
of ETAM to the general decision-making process.

ETAM continues to appear a robust model of rational decision making in general
and for changes (innovations) in training technology in particular. Its
strengths come from two major factors that have dominated its development:

(a) the basic tasks in the analytic and decision-making sequence are proto-
typical of informed common sense rationality, and (b) the computer is used not
to hide or obscure this rational structure, but to help the humans to apply it
by exposing it. The computer is a convenience, at least in concept. In prac-
tice, because of the massive amounts of word data and numerical data to be
manipulated, if the procedures are to be applied in their full scale, this con-
venience factor becomes magnified into a virtual necessity.

The taxonomic structures for describing Courses, Vehicles, and Job/Tasks provide
important discriminants for searching out potential applications for the
innovation. The coding of the sampie entities showed some definite clustering
of descriptors which might be expected due to the similarities in Navy training
courses;e.g., maintenance, procedural, operator, etc. Refinements in the
techniques for using the descriptor set should improve search validity.

Since the Range-of-Effect program development was completed, it was possible
to determine the operational costs, at least in the application of the pro-
grams to the limited subsets of entities which were described in the Abbrevi-
ated Data Bases. Following are costs of a typical Range-of-Effect sequence:

Load Project Data Base (Program P17) $7-%8
Edit Search Descriptors (Program P2) $4-4%5
Search Abbreviated Data Bases (Program P3) 3- 4
Print Search Results (Program P5A) 3- 4
Edit Search Results (Program P5B) Si=s- &
Print Extract Search Results (Program P5C) =
Total Range-of-Effect Processing Cost $15 - $20

Iv-1
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Because the Assessment function within ETAM was completed only to a design
level, it is not possible to predict typical operational costs for the pro-
cessing sequences making up that function.

Extensive reports have been previously published describing the ETAM procedures.
However, it was believed that it would be useful to the reader to reemphasize
the basic ETAM functions by contrasting the procedures as they were originally
envisioned for ETAM and supported by computer processing, with the "normal"
reasonable way it would be performed. Following are summaries of the two ap-
proaches in contrast with one another.

TASK 1 - FORMALIZE THE DESCRIPTION OF THE INNOVATION.

Normal Procedure An informal prose statement is made about what the innovation
or change s about, what it consists of, and descriptions of local effects in
1imited application environments. An interoffice project file may or may not be
created.

ETAM Procedure. A structured format reminds the proposer of the innovation to
v set down aly categories of information relevant to the innovation that dredges
what the innovator has learned or knows about the costs, relevance, benefits,
practical factors, supporting data, and expected R&D effort. A formal project
file is initiated. The category format will enable direct referencing at later
stages of investigation to these starting data.

TASK 2 - DEVELOP/EXAMINE ALTERNATIVES TO THE INNOVATION.

Normal Procedure. The proposal may have focused or defined an organiza-
tional need or problem. Discussions may develop competing proposals.
Adversary relationships may produce arguments that blur the overall pic-
ture. The alternatives may or may not be formally recorded. They prob-
ably do not get associated with the project file.

ETAM Procedure. Alternatives are sought formally and documented aczording
to the same format used for the source proposal. A deliberate attempt
is made to achieve a simpler, less costly or less risky solution that

: may be less disruptive to existing or projected operations. Promising
alternatives can be put through later ETAM procedures and compared :
directly, variable for variable, with each other and the source proposal
at decision stages. 1

TASK 3 - MAKE PRELIMINARY FEASIBILITY PROFILE.

Normal Procedure. This step may be performed informally in verbal dis-
cussions but without clear and documented outcomes. One or two issues
may lead to neglect of the others. The factors include importance of
the outcome to the organizational mission, compatability with organiza-
tional policy, operations and goals, state-of-the-art, R&D funding,
technical support, and attitudinal acceptance. The overall impression
may be so negative that the proposal is dropped.

ETAM Procedure. The major feasibility factors are all covered and experts
express thelr opinions on attitude scales which become essential documented
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references that formally enter into the decision structure. The summary

of feasibility may indicate clearly that the proposal should now be dropped

without further analysis. The clearly expressed evaluations on each sig-
nificant variable may be revised in the light of further information that
has direct bearing. All data, including revisions, are stored in the
project file.

TASK 4 - PERFORM ANALYTIC FEASIBILITY ASSESSMENT.

Normal Procedure. Attention focuses on the weak spots and potentially
high-risk areas in the proposal, especially as they involve costs and

size of risk, activities that might ameliorate the risks but having a

cost reference. Informed guesses may be made as to the range of effective
usefulness of the innovation in order better to prorate the costs of im-

plementation and acceptance. Tentative feasibility may appear or disappear

at this stage. The project may be dissipated in a sea of controversy.

ETAM Procedure. Formal procedures are used for assessing grossiy esti-
mated risks and costs with and without supportive projects. Cost data
are entered into defined categories that permit direct comparisons.
Decision trees are developed from utility scaling procedures in order to
obtain figures of merit for various outcomes. The operations for gener-

ating the source data and their conversion by human judgment into estimates

of worth are explicit, and enter the project file.
TASK 5 - DETERMINE RANGE-OF~EFFECT.

Normal Procedure. If the proposal overcomes preliminary hurdles, further
exploration is made into the range of situations or entities that could
be affected beneficially or otherwise by the innovation. Because of the
difficulty of expressing intangible benefits or liabilities in the opera-
tional context, they tend either to be lost or over-inflated. The readi-
ness with which directly tangible cost savings can be defended tends to
make for organizational conservatism in the acceptance of innovations.
Range-of-effect determination tends to be limited to the knowledge of

the individual staff expert about the operations of the enterprise and to
his perception of the functions of the innovation.

ETAM Procedure. A formal structure of all major variables that go into
the organizational mission is available to the analyst, expressed as a
taxonomy for applying to processes (teaching and learning) and to entities
(courses, devices, job-tasks). Entities are indexed according to their
key properties relevant to the mission. The same taxonomy is used for
indexing with descriptors the innovation. ETAM has built-in instruction
to inform and guide the assessor who is less than omniscient. Automatic
search and retrieval operations assist the human expert in determining
the full range of entities and attributes that will be affected by the
innovation. The listing of these entities can enter into automatic or
manual! cost analysis. The human expert, however, makes the final deci-
sion of relevance about each entity from context information not 1imited
merely to the matching of descriptors.
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TASK 6 PERFORM COST-BENEFIT ANALYSIS.

Normal Procedure. The enterprise may have formal cost models for its operations.
These are now brought to bear on each of the relevant entities for which some
proportional cost benefit (negative or positive) has been estimated. The wise
estimator puts in a safety factor for his estimates by expressing a range of
likely error with optimistic and pessimistic 1imits. Cost data are summarized.
Other benefit and 1iability information is presented in prose discussions. The
paper is apt to be voluminous.

ETAM Procedure. Entities identified by range-of-effect procedures automatically
enter into their appropriate cost models, and costs are automatically aggregated.
Input changes are therefore readily reflected in output changes. Utility scaling
enables intangibles to be assessed on the same continuum of worth as tangible
(i.e., cost) variables. All constituent operations are overt and documented,
and can be related back to their source data. The resulting decision tree not
only displays the estimated values of the decision alternatives, it also serves
as a high level index for interrogating the sources of the conclusions. Auto-
mation of the calculational model enables gquantitative evaluation of variables

to which the decision outcomes are most sensitive, thus enabling focus on where
major risks may lie.

TASK 7 PERFORM FINANCIAL ANALYSIS,

Normal Procedure. The investment required by the innovation is now viewed in

the lTong-term and contrasted with alternative opportunities and needs for invest-
ments. This concern recognizes that any organization has 1imited capital and
competing claims on that capital. Cost/savings analysis is made for each alter-
native, as well as for alternative proposals. The objective is to reconcile
organizational priorities, 1imited capital, risk, and proposa1s for innovation
with their respective costs and promises of benefits

ETAM Procedure. This is a formal step with the same objectives. Multiyear
projections of costs and savings are generated by machine calcululations. The
input data for making the calculations will already exist as content in the
project file that has been developed in performing the previous tasks.

TASK 8 MAKE THE ACCEPT/REJECT/STUDY FURTHER DECISION.

Normal Procedure. The executive is presented with a brief statement of the
problem and innovation and bottom-1ine summary data. These may be preceded by a
flip chart presentation of topic statements and selected summary data. The
backup may be a paper file of hundreds of pages. The executive sizes up the
situation intuitively, asks his staff some "probing" test questions and arrives
at an assessment of the competence with which the staff work was done. He makes
an intuitive judgment of the comparative value of the innovation in the orgjaniza-
tional scheme of things and makes or postpones a decision. On occasion, he may
spend a weekend trying to digest the backup report.

ETAM Procedure. The executive is presented with a brief statement of the problem
and the 1nnovation, taken from Task 1. If he wishes more detail about the

source data on the innovation, he can invoke the file on Task 1. He may request
the display of the outcome. The decision tree and financial analysis are presented.
He requests outputs from the sensitivity analyses to find out his exposures to
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the precision of the estimates and judgments of the assessing staff. These are
displayed at once. He may prefer to use his own intuitive and global judgment,
so he invokes summaries of the data used by the assessor in Task 6 in developing
the decision tree. Or, the executive challenges the implicit set of organiza-
tional values held by the assessing staff and, invoking the utility scaling
operations of Task 6, modifies the respective utilities of several variables and
immediately reviews the outcome on the recomputed decision tree. He may question
the evaluations about feasibility by examining the structured data on each of
the topic responses in Task 3. In the space of an hour, the executive can rove
selectively through the project and "peel back" from summaries to data content
to data source.

ETAM does not take away any of the traditional prerogatives of the executive,
but augments them and enables a telescoping of time for investigative inquiry,
rapid selective access, and standard formatting of key information.

Delivering this capability depends upon a suitable display terminal and an
automatic access structure that is not a part of the compieted ETAM work. But
the data base structures now being devised will make this capability possible.

PROCEDURAL SUMMARY. The parallels between normative processes for arriving at
decisions and ETAM procedures should be evident. It may be suggested, without
emphasis, that political pressures may as readily be put into formal utility
models as any other variables that affect desirability of one outcome over
another. .

ETAM represents, however, a shift from informal or semi-formal methods of analysis
and synthesis of data to a formalism of what data are acquired, stored, accessed,
combined with other data. But this formalism does not preclude non-formal
processing by human staff and executive personnel. ETAM represents orderliness

and organization that permits efficiency and consistency but, more important, it
enables much larger amounts of pertinent information to be brought to bear on

the decision process. In effect, a broader scope for optimizing (or satisfying)
is brought to bear with a clearer picture of the range of consequences. These
factors are at least as important as increases in the efficiency whereby decisions
are made. At Teast in principle, better decisions can be made.

These considerations lead to the conclusion that if ETAM were not developed and
used, something much 1ike it would have to come about within the next decade.
Unfortunately, computer specialists and enthusiasts generally attempt to devise
a universal and self-sufficient automatic formula which excludes convenient
human intervention and participation with the process. When this approach is
shown to fail, as it inevitably does, the resulting cynicism delays sponsorship
for a more sensible iteration on the problem.

Even without further work in the indexing and linking of Navy data bases or in
the computerization of procedures, ETAM should serve as a useful tool. Each of
the eight tasks in the procedure can be performed manually. Informed estimates
may have to take the place of greatly dispersed sources of hard data. Specific
programs may be written, or adapted, for the calculational operations. The
files may consist of paper documents rather than electronic store. These will
dilute the efficiency intended for ETAM but sustain its central principles and
objectives to bring the Targest amount of relevant data feasible to the decision
process, and to make data and process explicit.

IV-5




TAEG REPORT NO. 40

The range-of-effect section may be treated as a formal and comprehensive struc-
turing of educational and training technology, and therefore a contribution in
its own right. The whole of training, and the training enterprise, may be seen
as an orderly pattern of constituent parts and objectives. Needs and solutions
may be perceived in large contexts.

In the sense of the ETAM task sequence, data structures, and external file
disciplines, ETAM has been "completely" described. In terms of implementation
in terms of computerized aids and efficiencies, it has achieved limited realiza-
tion with Timited means. In terms of cost-effective testing under whatever
realistic conditions turn out to be feasible, it stands only on the threshold.

REMAINING PROBLEMS. The following are some key problems that affect the impiemen-
tation and acceptance of ETAM. (The reader may notice that some of these problems
reflect topics in ETAM Task 3.)

Indexing the Data Bases. Only a sample of training courses, job-tasks, and
instructional devices have been indexed, and only one person performed the task.
At a conservative estimate, two persons with equivalent skills could index the
entire present inventory of job-tasks in the Occupational Standards, the courses
in CANTRAC, and the instructional devices. The application of the descriptors

to the Range-of-Effect task remains to be performed so that the relfability of the
entities obtained during a search can be determined. This empirical process
should be performed following a more extensive incorporation of indexed entities
into the ETAM Abbreviated Data Bases.

Fine-Tuning the Procedures. Only rather rudimentary work on the procedural
interface between computer functions and human users will have been completed by
the termination of this phase of the project; and the typewriter-1ike terminal,

as contrasted with a graphic CRT display terminal, is merely an expedient stop-
gap device for demonstrating feasibility rather than interactive effectiveness.
The training and tutoring of the assessor at the terminal have not been worked
out, nor have the all-important procedures for invoking relevant tutorial networks
on-line. Not only ease of use, but "pleasure in use" is essential to continued
acceptance of the interface, and of the procedures implicit in the interface.
Another key factor will be the performance requirements of the machine as manifest
in its delays in responding to commands and requests by the user, especially in
data searches and retrievals. Delays of more than a very few seconds can radically
alter the level of aspiration the user adopts for task performance; hence, for

the task itself. The interface design is therefore a compliex of system tradeoff
decisions and inventions. These require formulation and testing.

Training of Assessors. It remains to be seen whether individuals can be suitably
selected and trained in the knowledge and disciplines of the assessor role in

ETAM procedures. In the field of training, as in others, people tend to become
specialists and prefer the well-identified role of specialized expertise. The
assessor must be an "operational generalist," one familiar with the workings of

a broad range of subject matter and able to cope with the complexity of diversity
and able to be comfortable with ambiguity and imprecision as known to the specialist.
It is unclear that even a very small number of such individuals can be found and
Justified as well as qualified for this job.
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Acceptance by Decision-Makers. The underlying rationales in ETAM are order,
consistency and explicitness in decision data. Many executives may feel threaten-
ed by these factors, and especially the last-named. The explicit documentation
may conceivably make them vulnerable to their competitive peers or to their
higher command levels. The high degree of order in ETAM data and its formal
retrieval structures may shift the executive's competence from nere dependence
on the output of trusted staff to evaluation of constituent judgments by his
staff. This, in turn, may imply a higher level of operating knowledge about the
workings of the enterprise than the executive may feel he has. Any one or all
of these factors, added to novelty in operation, could result in resistance from
those whom the function is intended to serve.

Training Development Innovations. The ETAM Range-of-Effect topics included oper-
ations in the design and development of training content: description of system
requirements, task requirements, selection of instructional devices, development
of training content, and so on. These were acknowledged as a special class of
problems for decisions about innovations. An originally proposed ETAM study and
development task was targeted at the Training Development and Administrative
functions. This was not undertaken in the current ETAM effort. It would have
refined the evaluation of the effects of an innovation upon the job/tasks associ-
ated with the spectrum of training development and adminstrative function. Con-
troversies about "Instructional Systems Development" give evidence that these

are not a trivial class of problems for which innovations are important. This
entire topic needs to be brought out and given more sophisticated attention in
terms of benefit-cost analysis.

RECOMMENDATIONS

ETAM has been designed procedurally and certain components are computerized. It
still requires technical nurturing and, perhaps more important for survival,
promotion for acceptance both as a concept and as an operational entity. It is
essential that it be integrated as an operational concept into the decision-
making process for assessing innovation and change.

It is recommended that the existing Range-of-Effect descriptors be carefully
evaluated using training and training research professionals who are familiar
with the content and intent of training programs, and who have thoroughly
familiarized themselves with the taxonomic structures outlined in Appendix A of
this report. The existing sample of entities in the Abbreviated Data Bases can
be used initially, however, familiarity with the descriptors can best be gained
by indexing and storing additional items in the data base. This indexing of
entities is intended to have its primary value in the ETAM appiication, however,
the structure lends itself to additional investigations by training and personnel
researchers into the profiles of courses, instructional vehicles, and job/tasks
used within the Navy. This understanding should lead to more specific efforts
to improve these functions.

The decision analysis and financial analysis function within ETAM provide a
strong analytic capability for assessment of innovations. The decision tree
permits outcome utilities to be evaluated based upon a "maximization of expected
value" decision rule. This would appear to be the most appropriate rule for the
majority of changes introduced into the training system. However, considering
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the Navy's mission and the possibility of major risks to the performance of that
mission by introducing a significant functional change to training; e.g., con-
version of a high number of technical courses to 0JT, other decision rules such
as "minimization of expected 10ss" should be considered. Scenarios should be
developed and tested using the presently designed assessment procedures.

Another aspect of the decision tree structure that should be given further study
is the means by which risk reduction projects are selected and grouped. Optimi-
zation techniques may be applicable for deciding on the most appropriate groupings
for maximizing the decision variable.

INTRODUCTION OF CHANGE AGENT. The single most important action that the sponsor-
ing agency could take would be the appointment of an activist change agent whose
roles and responsibilities would be much 1ike those described for the change
agent in Chapter XIII of the Major Innovations in Training Technology report.

Its future stages of maturation will depend not on sponsoring agency relation-
ships with designers and developers, but on personnel roles and responsibilities
within the Navy. The individual or team selected should have proprietary moti-
vations and incentives.

The change agent should reside in an organization that gives him mobility and
permanence. He needs mobility for access to the variety of Navy agencies that
generate data base input to ETAM, and to agencies that can be guided by various
ETAM functions. The change agent can then serve the advisory roles so important
to the promotion of even limited adoptions. And the network of organizational
dependencies can be strengthened as well as articulated.

Promotional skills and initiatives must be supplemented with sound technical
expertise, and both of these tempered with optimistic realism. The technical
expertise includes a grasp of ETAM principles and philosophies as well as its
practices and extends into Navy training operations and its realities, both
technical and organizational.

PAPER WALK-THROUGHS OF ETAM. Two or three samples of real problems concerning
decisions about long-term changes in Navy training policy or practice or equip-
ment should be selected for trial runs of ETAM. Several individuals, at least
tentatively supportive of ETAM concepts, on the sponsoring agency's staff should
conduct a walk-through simulation of the eight steps in the procedure. The
results should be far more convincing than sample exercises conducted by the
design team. The value of such extensions of present ETAM status as range-of-
effect indexing and fully interactive supports can then be reassessed with an
empirical reference.

GRAPHIC DISPLAY TERMINALS. Ultimately, a tool such as ETAM should interface
with the assessor through a graphic CRT type terminal, rather than the exicting
printer terminal. This is seen as the key to successful interaction between
assessors, executives and ETAM procedures. Such a terminal makes feasible the
use of the computer as a training and guidance capability, and an effective
basis for working with data base content. The thirty characters per second
output, Timited to alphamerics, of the terminal station is too limited for much
more than limited demonstrations of feasibility. The light pen or cursor coupled
with dynamic menus of commands and instant tutorials and guidance messages would
dramatically change the psychological nature of the procedures. Ease of use,
flexibility and convenience would increase, perhaps by an order of magnitude.
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The development of these interactive capabilities could be made to serve purposes
broader than those of formal ETAM. Cost analysis and sensitivity analysis

(Tasks 4 and 6 in ETAM) have a broader application base. So does the financial
analysis capability (Task 7).

If this recommendation is followed, the design and development of the interactive
capability should have a strong control from human factors expertise on the
programming effort.

INTERACTIVE ETAM TRAINING PROGRAM. The content for training and guiding the

ETAM assessor staff and executive users already exists in the text of ETAM
documents--the Phase II-A report and the reports on scaling and indexing, and

the innovations in training report. The content of these documents is also
appropriately indexed according to steps and considerations in the ETAM procedures.
The availability of a graphic display terminal is seen as a means to facilitate

a "learn by doing" approach to improving the assessors' ability to interact with
the ETAM procedures. The speed of the present printer terminal precludes effec-
tive application of training content integrated into the ETAM computerized process.
The avaiiability of a higher speed graphic display terminal would permit the train-
ing in ETAM to be threaded on sample problems with realistic contents.

It is also tentatively suggested that the ETAM training material might be used
more widely. It could provide a general working knowledge of instructional
technology relatively painiessly to a wide spectrum of specialists and managers
in the Navy's training and education operations. Hopefully, this enlightenment
could not only widen the perspective of specialists but also increase the en-
lightened cooperation among agencies that tend to develop rivalries.

LINKED NAVY DATA BASES. The range-of-effect task and the cost and financial
analysis tasks in ETAM point to the profound need for shared disciplines in
accessing the content from large Navy data bases that are scattered among differ-
ent organizations. The key to making these data bases into problem-solving
networks is a categorical discipline--the selection and meaning given to the
terms that index data elements. Only by a shared taxonomic discipline can one
data base "talk" to another, and share date constituents in arriving at non-
local decisions.

The need for multipurpose data comes to a focus in ETAM determinations of range-
of-effect and in cost analysis. In most cases, human judgment (hopefuily informed)
is the link between the ETAM problem and external data bases on courses, student
attributes, job-tasks, cost breakdowns, and instructional equipment. This link
can be expensive, time-consuming and, contingent in part on imprecise or ambiguous
source data, unreliable.

Two courses are open. One is to determine what is the best that can be done

with existing data sources and structures. The other is to attempt at least
compromise improvements in getting the source to better match the need. These
are not, of course, mutually exclusive alternatives. A single agency is unlikely
to be able to directly affect data base disciplines in a broad span of organi-
zations. But if ETAM becomes adopted as a rational technique for making decisions
about any of a broad range of change in policy and practice of Navy training, it
can become a common denominator definition of data support requirements. It may
therefore serve as one major reference for data base standardizations.
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ETAM was designed to accept and use whatever data come in to 1t, including gross
estimates as well as guesses. This is both a power and a l{ability. The power

is in getting a job done, a decision made; even though the source data are weak,
the best that can be made of weak data 1s done with 1t. It has built-in expressions
for weakness in dataconfidence ranges and 1imits expressed by the assessor to

the decision maker in several ways. But the 11ability is that despite expressiors
of low confidence in source data, the formalism implied by "models" and "computer-
1zation" can create an atmosphere of spurious rightness of content. This Tiability
1s not peculiar to ETAM--1t applies to any form of computerization. The awareness
merely increases the ethical responsibility for system designers to strive for
legitimate information input.

This 1s a genera! comment without a specific focus. Ambiguity and uncertainty
are inevitable in all real 1ife operations, and it is unrealistic to expect
otherwise. Decisions will continue to be made under massive uncertainties.

ETAM has attempted to reduce uncertainty partly by structuring it through showing
what variables are relevant to the decision, partly by processing whatever data
can be expressed towards solutions. Further improvements in the quality of
decisions wi11 have to come from the quality of input data.

FUTURE DEVELOPMENTS. The content of ETAM is specific to education and training
technology and operations. The structure, as represented by the 21ght procedural
tasks and their constituent procedures, is a completely genera’ one for arriving
at and making decisions that affect changes in an enterprise and what it does.

It {s anticipated that this generality of procedural structure for arriving at
rational decisfons--even in non-ratifonal contexts--can be recognized and translated
i widely into other technical and organizational environments. It 1s recognized

that many organizations now use cost models and financial planning models; a few

: even apply some form of utility scaling in formulating decision models. But it

is suspected that what in ETAM are Tasks 1 through 5 are not tackled formally,

50 that the latter tasks work from 1imited and often unexplored data sources

that are essential to sound decision making. Nor is the decision maker enabled
quickly-=such as within the hour's presentation and study--to sample selectively
into the background data and judgments leading to the final chart of "conclusions."
It is the 1imited time and span of attention of the executive who makes the

cho:co of commitment that largely Jjustifies the quality of the assessing staff
work.

:f t::se anticipations come about, ETAM {tself will have served a change agent
unction.
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