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Executive Summary

1. Purpose

In January 1998, the Deputy Chief of Staff for Operations and Plans (ADCSOPS) tasked the Army Modeling and Simulation Office (AMSO) to develop a technique to measure Modeling and Simulation (M&S) benefit across the Army. This effort, called the “M&S Benefits Initiative”, will provide the Army with a viable cross-domain analytical tool that captures the qualitative and quantitative benefits of M&S across the Army. The ability to construct a consistent, comprehensive measure of benefit is becoming increasingly important as questions and concerns about calculating benefit measurements derived from M&S use and M&S expenditures continue to surface at an increasing rate. Although there have been wide ranging and multiple attempts at developing measuring techniques, today no common methodology, process, terms, or point of reference exist. The AMSO Benefits Initiative will provide a solution to this situation.

2. Benefits Initiative Methodology and Phases

The analytic approach being used to develop a cross-domain process will provide the Army with a means to quantitatively and qualitatively describe the benefits derived from using models and simulations.  This approach, which is based upon a strategy-to-task objectives hierarchy, a metric space that provides a means of organizing and retrieving metrics, and utility theory, is being implemented in two phases. During Phase One, the problem was defined, an approach was developed, documents were researched (see bibliography), and the products contained in the annexes were produced. Phase Two will include expanding and refining the objectives hierarchy and metrics, evaluating analytical techniques to derive utility, and selecting a cross-domain problem which will be solved using the Benefits Initiative methodology.

3. Observations

Measuring the benefit of M&S is important and difficult, especially when dissimilar qualitative and quantitative metrics are used to determine benefit across Domains. Equally difficult is the development of a hierarchy of subordinate Domain Objectives that collectively aggregate to the Army’s overall objectives.  The completed Army Objectives Hierarchy will be a “patch quilt” of intermingled Domain objectives that are mutually supportive and necessary for the Army to succeed. The most important aspect to this Benefits Initiative is the suggested techniques to select and to assess metrics, and the technique to logically link objectives, uses, and benefits together in an Army context. Regarding metrics, a proposed metrics space will help a decision maker find metrics that reflect the uses and benefits of M&S. Regarding logical linkage, a completed Objectives Hierarchy provides the mechanism and structure to integrate Domain objectives, uses, and benefits to derive an Army wide benefits measurement. 

Chapter 1— Overview

1. Introduction

The Army has a well-established history of using Models and Simulations (M&S) in virtually every Army mission area.  Across the globe we train at all levels using M&S.  Our key decision-makers consider analysis supported by M&S.  We improve the quality of our acquisition process and the products we deliver to our soldiers by using M&S.  M&S provides us with a vital tool in successfully accomplishing our mission.  We know that M&S tools are important, however their increasing cost and wide use require that we more clearly understand and measure the benefits of M&S in order to more efficiently exploit this technology in accomplishing the Army mission. To this end, calculating M&S benefit and operational return on investment is necessary for making informed M&S funding/trade-off decisions and to justify M&S expenditures. This paper introduces and develops a process where M&S benefits are calculated to enable our better understanding, justification, and use of M&S for multiple purposes throughout the Army.

2. Purpose, Goal, and Responsibilities

The purpose of the AMSO M&S Benefits Initiative is to provide the Army with a viable cross-domain analytical tool that captures the qualitative and quantitative benefit of using M&S to support Army tasks. The AMSAA Report, “AMC Examples of M&S Benefits, Cost Avoidance, and Improved Effectiveness” is the catalyst for this initiative. Traditional benefit approaches to date have focused upon measuring benefit as a function of cost or cost avoidance. Although very important, cost measures are only one of many attributes that in the aggregate measure overall M&S benefit.  The goal of this M&S Benefits Initiative is to develop a process that would harness successes, the efforts already underway in the domains, and apply them where feasible to establish a methodology that allows a cross domain assessment of M&S tools using feasible and appropriate measures.  This task required a group solution with active participation and feedback.  The participants had defined responsibilities.  AMSO was the facilitator, collaborator, consensus builder and administrator.  The Domains participated in an iterative and collaborative assessment process to identify M&S benefit examples and ongoing M&S benefit measuring efforts and to discuss suggested research and follow-up areas. 

3. Report Organization

There are two major portions to this report. Located in Chapter 2, Strategy and Results, is the main body of this report that addresses the strategy and methodology to develop a technique to measure M&S benefit. This chapter also describes the two phases used in this study effort. The second major portion of this study is collectively found in the four report annexes. These annexes present the results of the Phase One effort that includes the metric space and metrics, the objectives hierarchy, a glossary, and an example.  The last annex, the example, demonstrates the linkage between Phase I products and the application of those products to a cross-domain problem in Phase II.  It is the capstone document for Phase One.

Chapter 2—Strategy and Results

1. Background

It is important, and difficult for a variety of reasons, to explain the benefit of M&S.  Most recent attempts to measure benefits have focused on quantifying aspects of cost savings or cost avoidance; however, many recognize the necessity and difficulty of using other measures of benefits in M&S benefit analysis.  Having a comprehensive capability to measure benefit is becoming increasingly important as questions and concerns about calculating benefit measurements derived from M&S use and M&S expenditures continue to surface at an increasing rate. While wide ranging and multiple attempts exist, there is little to no common methodology, process, terms, or point of reference. The AMSO Benefits Initiative will provide a solution to this problem. The following sub-paragraphs provide general background information on the topics indicated:

A. Strategy

1) A multi-discipline analytical approach is being used to develop a cross-domain process that provides the Army a means to quantitatively and qualitatively describe the benefits derived from using models and simulations.  This approach, which is based upon a strategy-to-task objectives hierarchy, a metric space that provides a means of organizing and retrieving metrics, and utility theory, is being implemented in two phases.

2) During Phase One the problem was defined, an approach was developed, the documents contained in the bibliography were researched, and the products contained in the annexes were developed.

3) Phase Two will include expanding and refining the objectives hierarchy and metrics, evaluating analytical techniques to derive utility, and selecting a cross-domain problem which will be solved using the Benefits Initiative methodology.

B. Situation

1) The use of computer-based M&S to support research, acquisition, and operations and training is a well-established practice within the Army.  Over the last decade the rapid growth in the proliferation of models, coupled with annual funding cuts, have caused Army M&S Domain Managers to justify their use of models by documenting M&S applications and attempting to quantify the benefits obtained from their use.  While important, these efforts have been largely domain/application specific.

2) More recently, the Army has shifted its focus from the development of special purpose, stand alone models and simulations to integrated, common use systems that span traditional domain boundaries. The Army community generally accepts the high benefit of special purpose and common use M&S; however, a technique to measure these benefits has not been developed.  As the Army enters its “Second Training Revolution” and transitions to Simulation Based Acquisition (SBA), there is growing recognition that continued success depends, in large part, on the ability to justify and articulate the added capabilities and benefits derived from M&S.  Towards achieving those ends, the Assistant Deputy Chief of Staff for Operations and Plans (ADCSOPS) directed the AMSO to coordinate the Army’s effort to develop and implement a process to capture the benefits of M&S.

C. Challenges

1) No existing contextual framework for logically linking benefits across domains.

2) Inadequate metrics in terms of being both comprehensive and quantifiable.

3) The quality and methods of analysis are not uniform across the Army.

4) No established and accepted process for comparing or contrasting dissimilar metrics.

5) No established and accepted process for comparing or organizing the value of like metrics across domains.

D. Current Work

1) The Army has shown a continuing interest in exploiting the benefits of M&S.  Numerous white papers, articles, and case studies illustrate the utility in doing so.  Nonetheless, there have been relatively few in-house attempts to provide a broad set of metrics that can be used across domains to systematically describe the overall benefit derived from using models and simulations.

2) Academia and industry provide alternate sources of information that are useful in formalizing a systematic approach to describing the benefits of M&S.  Pertinent topics include utility theory, decision analysis, computer simulation, and probability and statistics.  The references in the bibliography specifically address one or more issues relating to the development of a conceptual framework and metrics for assessing the benefits of M&S.

E. Importance

The ability to describe how and when M&S is used, and the ability to capture the benefits of using M&S in some specific functional applications are prerequisites to understanding, justifying, and artfully exploiting M&S across the full spectrum of Army requirements.

2. Problem Statement 

The Army does not have a process whereby M&S benefits can be quantitatively and qualitatively defined. The ability to define M&S benefits is paramount to better understanding, justifying, and to employing M&S across the myriad of Army requirements.

3. Goal and Objectives

A. Goal

The goal of this effort is to provide a contextual framework and methodology that can be applied by a decision-maker to any decision when the benefits of M&S are deemed appropriate input to the decision process.

B. Overall Objective

The ultimate objective of the AMSO M&S Benefits Initiative is to provide the Army with the requisite data, tools and metrics, and methodology to calculate benefit that can be used to formulate and compare alternative M&S investment strategies. 

C. Specific Sub-Objectives

1) Develop a methodology. 

2) Identify Army and Domain objectives, tasks, and commonly used measures of effectiveness.

3) Develop a technique to organize and retrieve metrics.

4) Develop an Army wide methodology that links M&S uses, benefits, and tasks.

5) Recommend a process for quantifying the benefits of using M&S across domains and applications.

D. Scope and Limitations

1) The Benefits Initiative will address the direct comparison of two or more options on the basis of their assessed value in accomplishing a specific set of objectives or tasks.  The options may include individual models or simulations, sets of models or simulations, or non-automated alternatives.  The tools and techniques that are developed/adopted will support  the following types of decision problems:

a.  Assigning priority to M&S requirements, development efforts, functional trade offs etc.

b.  Recommending/selecting the most acceptable option (i.e. developmental approach, model, strategy, etc.) from a set of two or more alternatives.

c.  Identifying an optimal solution to M&S resource allocation problems.  This last capability represents the final step in a series of incremental enhancements leading to a fully developed set of decision support tools. 

2) The scope of this effort is limited to the assessment of benefits derived from using computer-based models and simulations.  Benefits derived from other sources, such as scale models, mock-ups, and test apparatus will not be addressed.

4. Methodology

A. Phase One

Phase One included the development of a strategy-to-task objective hierarchy which links tasks to Army objectives, the identification of metrics for measuring the benefits of M&S, collecting and defining terms, and developing an example that facilitates understanding the analytic processes used in this effort. Figure 1 depicts the tasks associated with Phase One.
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Figure 1.  Phase One Tasks

Phase One contained the following six steps:

1) The first step included research and coordination with Subject Matter Experts (SME) to determine an approach that has applicability across all Army Domains.

2) The second step included identifying the tasks or objectives performed throughout the Army. A hierarchy, or objective tree, was constructed to capture the relationships between tasks or objectives. The resulting structure provides the perspective and context for assessing the benefit of M&S in accomplishing Domain tasks or objectives as they relate to successfully accomplishing “higher level” Army tasks or objectives. 

3) The third step included conceptualizing the “metrics space” that facilitated the identification of new or overlooked metrics for measuring M&S benefits. A two-sided matrix was developed which contrasted Elmaghraby’s five general uses for models and simulations and the Defense Modeling and Simulation Office (DMSO’s) four categories of benefits. Figure 2 depicts the categories of M&S use and M&S benefit. The resultant five by four, or 20-cell, matrix defines and captures the full range of uses and benefits in a manageable form.  Elmaghraby’s five common and legitimate uses for models and simulations were developed in the late 1960s and are still widely used in the civilian and academic sectors today.  DMSO’s categorization of benefits is growing in popularity and was adopted in several of the documents reviewed.
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Elmaghraby’s classifications of M&S uses are: 

· An aid to thinking

· An aid to communicating

· An aid to training and instructing

· An aid to predicting

· An aid to experimenting

DMSO’s four basic categories of benefits are:

· Better

· Cheaper

· Faster 

· Only way

Figure 2.  Model Classification and Benefits Categories

4) The fourth step included identifying and grouping metrics into the 20 cells found in the metrics space. Furthermore, commonly used metrics within each cell were partitioned based on domain usage. Partitioning metrics facilitated the identification of commonly accepted metrics, established their credibility, and increased confidence in their use.  Figure 3 depicts the partitioning criteria used in grouping metrics.


The Partitioning criteria are:

· Common to all three domains

· Common to two domains

· Unique to  one domain

Figure 3.  Partitioning Criteria

5) The fifth step included developing a glossary to describe terms that are commonly used, but not generally understood.

6) The sixth step included developing an example to illuminate and describe the methodology used in this effort.

B. Phase Two

The intent of the second phase is to refine and improve the metrics and objective tree, to further investigate and refine applicable techniques to derive utility, and then to select a multi-domain problem that will be solved by using the AMSO Benefits Initiative methodology. The specific tasks required in Phase Two will be determined by AMSO after review of the Phase One Report. Figure Four depicts the major known components to the Phase two effort.



5. Results

A. Metric Space and Metrics

Annex A contains a discussion of the methodology used to develop the “metrics space” which is a structure to assist with the selection of metrics to measure M&S use benefit. The metrics space was “populated” with metrics that were located in the various documents referenced in the bibliography. The metrics should be evaluated for applicability and accuracy and then partitioned as previously described. This review and grouping should be accomplished in Phase Two.

B. Objectives Hierarchies

Annex B contains the Objectives Hierarchies for the Army and each Domain.  Each hierarchy depicts the Domain tasks that must be accomplished for the Army to succeed with its core missions.  Web site searches, Domain Master Plans, and Domain SMEs were the principal resources used to construct these strategy-to-task objectives hierarchy depictions. The Objectives Hierarchy should be reviewed for applicability and accuracy during Phase Two.

C. Glossary

Annex C contains a glossary of terms frequently used in the discussions relating to the development of the benefits methodology.  A number of documents were researched, which are referenced, in constructing this glossary. 

D. Example Case Study

Annex D contains the example that clarifies the M&S benefit assessment process.  Although not originally part of the Phase One effort, an example was developed in response to a number of requests for a “use case” that would aid the community in better understanding the methodology used in this effort. The utility theory techniques used in this example might be appropriate for other cases or problems.
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