Modeling & Simulation Return on Investment (ROI)

“Real Savings” Vs. Indirect Savings and

Cost Avoidance

Richard McMahon

U.S. Army Research Laboratory

Human Research & Engineering Directorate

Aberdeen Proving Ground, MD 21005

E-mail: rmcmahon@arl.mil

ABSTRACT

Today’s military decisions can be classified as “intermediate” decision processes1.  That is, they involve many factors of which economics is paramount.  In this context, if a benefit of an investment cannot be expressed as an economic return, it may be traded-off for “real savings”.  For factors such as improved design, better performance or increased survivability to be considered important to a decision, they must be translated into measures that can be expressed as an economic advantage or return on investment (ROI).  These indirect savings or cost avoidance factors usually contribute hugely to the overall return on investment (ROI).  This paper discusses the role of modeling and simulation (M&S) in supporting a U.S. Army decision process and how the calculation of the overall ROI is critical to the assessment of M&S value added.  An example application of M&S, which returned both clear and indirect economic returns, is shown.  The methods used to translate the indirect measures into returns and the overall M&S impact on the decision making process are described.

1.  INTRODUCTION


The Department of Defense (DoD) acquisition process is undeniably complex.  The process involves the assimilation of information and the management of actions from countless areas, often having effects on one another that are difficult to predict and define.  Much of the process and the structure within which it is executed is a result of the worth while desire to ensure the best possible expenditure of public funds in pursuit of goals deemed to be in the public’s best interest.  Recent military downsizing in resources (personnel and dollars) has placed emphasis on adapting commercial “best practices” to the acquisition process.  A major part of this emphasis has been the adaptation of the use of modeling and simulation (M&S) and the use of standard financial measures such as return on investment (ROI) to support the military decision process.


One problem with adapting commercial best practice financial measurement techniques within a DoD context is the inherent differences between a production company and the military.  A production company makes investments to develop, build, and sell a product.  Once the sale is made, it is up to the buyer to maintain, operate and support the item during its service life.  The military, on the other hand, makes investments to develop, build, maintain, operate, support, and in many cases, retire the item at the end of its service life.  The return on improvements made to the maintenance, operation, support, and retirement of an item will often be very large and occur over a long service life.


The dollars invested to develop, build and sell an item are easily measured by tracking its budget over time.  The short-term returns on these investments (production improvements and other direct savings) are relatively easily estimated.  However, the “service life” related returns are less quantifiable.  These can include intangible measures of savings such as; improved mission performance, improved military capability, enemy deterrence, and reduced manpower, personnel or training needs.

M&S can be a useful tool in obtaining critical estimates of these less tangible returns early in the acquisition process when the investments need to be made.  Using M&S in this way then becomes, in itself, an investment and an intangible benefit to an acquisition effort.  The critical question to be answered by decision-
makers is “What is the return on knowing an estimate of a return on some indirect savings to be realized at some time in the future?”


This paper describes a practical methodology for estimating the military return on using M&S to estimate future indirect savings and cost avoidance.  An application of M&S, which estimated both direct and indirect economic returns, is shown.  The methods used to translate the indirect measures into returns and the overall M&S impact on the decision making process are also described.

2.  M&S APPLICATION

During Operation Desert Storm the West German Military provided the United States (U.S.) Army with 60 Fukes vehicles to satisfy the UN forces’ critical need for a Nuclear, Biological and Chemical Reconnaissance System (NBCRS).  After the conflict, the U.S. Army initiated a system improvement program (SIP) to add a standoff chemical detection capability, provide Army logistics support and reduce the crew size of the vehicle from 4 soldiers to 3. The SIP program (XM93A1 NBCRS) completed Pre-production Qualification Testing (PPQT) and Initial Operational Test and Evaluation (IOTE) in FY94.   Testing resulted in an evaluation of “not effective” and “not operationally suitable” largely due to operational issues related to Manpower and Personnel Integration (MANPRINT).  The testing concluded that a 3-man crew could not operate the XM93A1 effectively because vehicle and workstation design was not suitable. 


The Army Research Laboratory (ARL) developed a corrective action plan to support the program with a three-phased effort aimed at improving vehicle 3-man crew suitability and workstation design.  The first phase concentrated on using a computer aided drafting - human figure model (Figure 1) to identify optimum positions for various system hardware components.  

Figure 1 - Human Figure Model.
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The second phase used the ARL HARDMAN III model development tool to model the operational mission task sequence and the time required to perform a mission with the current 3 man crew version (XM93A1) compared to a XM93A1 with the modified workstation.  The HARDMAN III Modeling tool is a computer-based system (9 distinct mod​ules) for assessing sol​dier-system perfor​mance. For the NBCRS analysis, a standard NBC reconnaissance mission was modeled to compare system performance (Figure 2).  

Figure 2 – HARDMAN III Mission Model.
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This is how the effects on perfor​mance of particular workspace redesign options in the NBCRS were estimated and a 'best' configuration adopted by the Materiel Developer.  The HARDMAN III modeling estimated that the modified system could perform its mission with a crew of 3 and do it 12% faster than the existing system.


The final phase of the corrective action plan consisted of developing an Operational MANPRINT Valida​tion (OMV) [test] of the modified NBCRS to test the ability of the 3-man crew to re​spond to chal​lenges to the detection suite system. The OMV test results demonstrated that the crews' mission performance times were signif​icantly faster (using the SAS General Linear Model program) than when performed on the Standard System.  These results confirmed the HARDMAN III model estimates of improved performance related to the system redesign efforts. 


A milestone review decision for the XM93A1 NBCRS SIP was conducted in June 1995 and the system was adopted for fielding.  The human figure model database will be used during future efforts to integrate technological hardware improvements and to optimize soldier-system interaction and workstation design.  Operational data collected during the OMV test was used by the ARL to update and accredit the HARDMAN III model for future use by the Operational Evaluation Command in planned NBCRS program upgrade evaluations.

3.  ESTIMATING ROI


Any proposed effort to use M&S to support a program will ultimately have to answer the question "What will it buy me?"  The answer for direct returns can be found by performing a relatively simple cost and benefits analysis.  To determine the answer for indirect or intangible benefits is a much different and more difficult challenge. The methodology chosen to answer this challenging question for the described M&S application used Process Modeling (PM) followed by Activity Based Costing (ABC). PM is essentially the foundation of modeling and simulation.  It focuses on modeling the activities involved in an event or action and representing their associated interrelationships.  The PM-ABC methodology allows the analyst to attach costs to the identified activities.  These costs combined with the estimated value of the anticipated benefit are then used to convert the indirect, but large returns into economic measures.  The ABC costing concept originated before World War II yet it is still useful today as a management tool that provides decision-makers with predictive determinations of the cost and benefits associated with an intangible return.  

Although the methodology of using PM and ABC to estimate ROI sounds like a simple process, it is complex and requires very specific inputs.  The practitioner must correctly identify each activity involved in the process, track the costs associated with each activity, and identify the relationships among these activities to achieve the intended process goal.   Using this PM-ABC methodology provides the organization with a secondary benefit in that it creates a meaningful model of the process being analyzed, which may be useful beyond the cost focus.  

The determination of return requires modeling of the activities of the intangible return in both an "as is" context and a "will be" context2.  The analytical approach consists of first developing a top-down list of activity characteristics related to each projected return.  The consequences of not achieving these returns or of “doing things the old way” are then listed.  These process-based returns and consequences are reviewed and a cost measure is assigned based on subject matter expert assessment of value.  Finally, these cost measures are compared to determine the proposed ROI.  This cost-benefit analysis of the cost of the proposed M&S and the resulting return to be achieved must be performed to answer all questions.

For example: In the M&S application described above, the intangible measure of savings consisted of reduced manpower, personnel and training (MPT) burden over the life of the system.  To estimate the ROI for this measure the system users estimated an anticipated value on this reduction in operating activity cost using existing manpower costing models.  The ARL M&S effort was a key factor in fielding the system, which offered this burden reduction opportunity and thus was directly charged against this return in the analysis of economic value.

4.  SUMMARY

ARL’s use of M&S in its corrective action plan resulted in a ROI in direct acquisition program savings (minimized contract modification and schedule impact reduction) of 66.67 (ROI=return/cost, 66.67= $4M/$0.06M).  These savings were derived through a program manager analysis of “doing things the old way” compared to doing them with the innovative use of M&S.  In addition to these direct returns, intangible returns (MPT savings) over the service life of the system were achieved which are estimated to be in excess of $137.5 M for a ROI of 2291.67 (reduced MPT costs over the life of the system).  Figure 3 illustrates the contribution of the M&S cost, direct ROI and ROI resulting from indirect “life cycle” savings.
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Figure 3 – Cost Vs. Direct & Indirect ROI.


This application of M&S clearly illustrates direct cost and schedule savings in real dollars. However, it also illustrates that the largest return on investment to be calculated for this example resulted from the intangible measure of savings related to a reduced manpower, personnel and training burden over the systems service life.  The PM-ABC methodology has proven its value as a tool for estimating ROI and has gained acceptance.  The acceptance of this ROI analysis was to the extent that it played a key role in the decision making process.


Additional benefits resulted from the use of M&S to support this program.  As a result of achieving a “positive” ROI the M&S techniques used to support this program have been verified, validated and accredited and are already being used to support a block II improvement program NBC reconnaissance system program.
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