Vision Paper: Integrating VV& A Methods and Cost-Effectiveness
Analysisin the Acquisition Process for Training Simulation Solutions

Wim Huiskamp
Jeroen Voogd
TNO, P.O. Box 96864, 2509 JG, The Hague,
THE NETHERLANDS

HansKorteling
TNO, P.O. Box 23, 3769 ZG, Soesterberg,
THE NETHERLANDS

ABSTRACT

Smulation is an important technology that enables NATO and its member nations to train their soldiers.
The benefits of simulation-based training include saving of time, money, and even lives, when training for
unsafe scenarios. Smulation also facilitates joint and combined training. Moreover, simulation-based
training is capable of expanding the limits of live training, thus facilitating larger exercises. The
acquisition of valid and cost-effective training simulation solutions is crucial to the mission-readiness of
our armed forces, in particular when available funding and resources are limited.

This paper presents our vision of the defence acquisition processes for simulation systems by integration
with verification, validation and accreditation (VV&A) methods and cost-effectiveness analysis (CEA), in
order to assure that a valid and cogt-effective training simulation solution is acquired. We envision
supporting the whole acquisition process (e.g., stating the need, training needs analysis, requirements
analysis, evaluation and selection, and acceptance of assets), taking all other cost aspects of the training
simulation solution lifecycle into account (e.g., deployment, maintenance, re-use, retirement).

All three of the processes mentioned above include multiple activities and tasks, and they require large
amounts of information. We propose to combine activities where possible and to ensure that inputs and
outputs match. For example, a good set of requirements based on the user needs is input for the
acquisition process, but also important as one of the starting points of VV&A, aswell asfor CEA.

The authors hope to further develop the ideas presented in this vision paper. This future work should be
performed in close cooperation with ministry of defence (MoD) procurement organizations and should
also engage with the wider NATO research community, in particular the SAS panel and the NMSG. The
presentation of the initial concept to the SAS-095 task-group on Cost-benefit Analysis of Military Training
isseen asafirst step in that direction.

1.0 INTRODUCTION

Modelling and simulation is an important technoldipat enables NATO and its member nations to
perform training, analysis, and concept developmasitwell as to test and experiment. Some particula
benefits on the training side include saving timeney, and even lives, when training for unsafe
scenarios. Simulation-based training is not nec#gseonstrained by available training ranges, thus
facilitating larger exercises. Simulation also ligaties joint and combined training by enablingtrilisited
networked training events, which saves travel tane replaces live units by role players or computer
generated forces. Distributed simulation is in fagtidly becoming a necessary prerequisite forectire
mission training.
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The increasing use of training simulation systeras hevealed that the expected cost-effectiveness
improvements are not always achieved (Farmer et1889; Emmerik & Korteling, in press; Janssens,
2012). This may be caused by several overarchiagpres (Emmerik & Korteling, 2012):

» Specification: lacking or insufficient training-ra=e analysis, resulting in unclear specifications or
problems translating user-needs into technicalirements.

» Didactical: lacking understanding of the limitatsonf the training system for the intended use, or
insufficient use of the added training possibititaf the system.

* Integration or embedding in the organization: lagkivision regarding the acquisition and use of
training simulation systems, lacking governancethmn operational use, infrastructure, maintenance
support, etc.

This paper presents an overall vision for the dedeacquisition processes for simulation systems by
closely integrating it with verification, validatip and accreditation (VV&A) methods and cost-

effectiveness analysis (CEA). The objective is #mmuisition of valid and cost-effective training

simulations.
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Figure 1. Selecting training ssmulation solutions

Our vision consists of supporting the whole acdgjioisi process (e.g., stating the need, training sieed
analysis, requirements analysis, solution evalnatind selection, and acceptance of assets), taling

other cost aspects of the training simulation s$ofutlifecycle into account (e.g., deployment,
maintenance, re-use, retirement).

20 CURRENT ACQUISITION PRACTICES

In this section, we describe the major common amdeat processes and procedures involved in the
acquisition of expensive defence-related traininguations.
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21 TYPICAL ACQUISITION PROCESS

The Netherlands MoD uses a procurement process rkrasvDMP (Defence Materiel Process). This
process (NL MoD, 2007) is similar to what is useaiher nations and will be described here as argen
example. Several phases may be distinguished:
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Figure 2: Dutch procurement process phases

 DMP Pre-Phase: Start of process
Once a capability gap is observed in some areaufitase a training gap), the new requirement will
be part of the integral defence planning procd3B®), and a DMP-process is initiated. Section 2.2
describes the training needs analysis, which shiypidally be executed before or during this phase.

* DMP Phase-A: Setting the requirements
The requirements, which are necessary to achievelifectives of the defence organization, are
derived transparently from policy and plans.

 DMP Phase-B: Preliminary study
Phase B is concerned with translating the requingiméo functional and, where possible, technical
requirements that the product must satisfy. A mandgew is carried out and product alternatived an
risks are investigated.

 DMP Phase-C: Study
In Phase C, the general requirements from the que\phase are worked out in more detail, and a
shortlist is drawn up of the most eligible alteinas. They are then assessed in terms of the more
elaborate requirements.

* DMP Phase-D: Preparing the procurement
In Phase D, a particular product and the suppliesalected. In general, at the conclusion of this
phase and after a line of credit has been appravedntract is signed.

* Realization Phase: Evaluation
Evaluations have two separate evaluation milestanpsoject evaluation immediately following the
conclusion of the project and a usage evaluatiter #fe product has been in use for some time.

A large number of aspects are common to all ofpith@ses and are elaborated and detailed further with
each successive phase. Aspects include the spicificof requirements, analysis of consequences,
formulation of the procurement strategy and timeesclle, and risk management.

The acquisition of simulation systems is a comglexcess requiring extensive experience, knowledge,
and skill in order to specify, design, develop, amdgrate systems into a solution that meets tipek,
functional, security, and technical requirementsgdisition and development of simulation systema is
multifaceted problem with many stakeholders. ligesifrom understanding operational needs to teahnic
exchange of data to lifecycle costing assessmemis.of the big challenges in realizing the fullgatal

of simulation for defence purposes is selecting Iblest solution or mix of solutions (schoolhouse,
simulation, live training) for a specific trainingeed. The MoD needs training solutions that havenbe
validated for the intended purpose (fit for purgoaed that are also cost-effective, in order to tntee
shrinking budgets and limited resources availabteotir armed forces.
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The acquisition of training simulation systems eutly follows the generic process described abbve.
order to improve the cost-effectiveness of thentrgj simulation solution, a number of specific eities
should be carried out and these must be mappedtmndifferent phases in the acquisition process.

2.2  Training Needs Analysis (TNA)

Assuming that a training gap must be addressedDM@ pre-phase is initiated. The first step is to
carefully analyse and specify the mission, taskd, teaining needs that have to be met (Figure Ajs &
the so-called training needs analysis (TNA). MostRDprocesses for advanced training systems in@ude
TNA, although the level of detail and sophisticatimoay vary substantially (Cohn et al., 2009).

A typical TNA always starts with anisson analysis (e.g., Cohn et al., 2009; Farmer et al., 1999;
Korteling et al., 2001; Korteling et al., 2011).i§lnvolves a global description of the contexadfask or
function to be trained for. Here a task is defimsda goal-directed sequence of activities alloctteal
person, which can be described at various levéis.fiission analysis includes a description of ey

of the task(s) and how these goals should be aethjealong with the functions of systems involved an
the relevant scenarios, circumstances, or envirateheonditions (physical, mental, and tacticaleasg)
that are encountered in task performance.

Next, thetraining analysis specifies the training requirements in terms obéa of) related learning or
training objectives (e.g. Cohn et al., 2009; Fareteal., 1999). The training objectives are detagdion

the basis of the discrepancy between the requmedledge, skills, and attitudes (i.e., competentodse
deduced from the task or function to be trainethacontext of the mission) and the current compete
level of the trainees (target group). Training objes have to be specified in terms of existingl an
required competence levels of the trainees, typeoofipetencies that have to be trained for, and the
required task performance to demonstrate thatdiwing objectives have been met.

The final step of the TNA is theask analysis (e.g. Cohn et al., 2009; Farmer et al., 1999). Ftben
training goals identified in the training analysibe task analysis decomposes a task or functitm in
(preferably non-overlapping) elements (tasks ottamks). Of these (sub-) tasks the most salientifest
are concisely described in, for example, termsngiui, operation(s) to be performed, output, critica
conditions, and critical task-elements. In additiarbrief global description of the subtask mayghen.
The number of subtasks should be kept as low asitpges A non-redundant task analysis (without
repetitions) provides the most efficient represgmbeof all task and context variables that areolwed in
the task.

With the task and training analysis, the TNA figalésults in a (clear) description of the educatmal
training requirements for the trainee that haveddulfilled by the training system. The degreevuch
this aim is successfully accomplished—with propguanents and to a sufficient level of detail—varies
significantly between different DMP instances.

2.3 VERIFICATION AND VALIDATION

The optimal VV&A method depends on the individuaeds and constraints of an organization or
application domain. However, common principles basdt practices are clearly recognizable, and ths w
the key driver behind the development of the Gendethodology for Verification and Validation (GM-
VV), which is currently being standardized as amemended practise by SISO (SISO, 2012; SISO, to be
published; Roza et al., 2012). The main purposBMfVV is to provide a general baseline and guidance
for VV&A of M&S that is applicable and tailorable the individual VV&A needs of a wide variety of
M&S technologies and application domains. Thishie teason we use the GM-VV in this work for
mapping VV&A and CEA onto an acquisition process.
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The GM-VV is an abstract framework that consiststlnfee parts (the conceptual framework, the
implementation framework, and the tailoring framekyahat build upon existing VV&A methods and
practices. The GM-VV conceptual framework providessential VV&A terminology, semantics,
concepts, and principles. The framework facilitatesimunication, understanding, and implementatfon o
VV&A across and between different M&S contexts.clontrast to many views on V&V—namely, that it
starts with the M&S requirements and ends withdeeeloped M&S asset—this framework is premised
on the idea that models and simulations are alwlaysloped and employed to fulfil the specific neefls
their stakeholders (e.qg., trainers, decision makers

The GM-VV implementation framework consists of thierrelated products, processes, and organization.
The product dimension contains information-base®¥\products that can have multiple instances, and
representational and documentation formats. Theg&A/products are produced by the processes,
activities, and tasks defined by the process dinanghey can be executed recursively, concurrently
and iteratively. The roles defined in the organaal dimension are involved in the execution ire am
more of the VV&A processes, activities, and tasks.

The GM-VV tailoring framework provides ways to tailthe implementation framework for each
individual M&S organization, project, or applicatidomain. The tailoring allows for modification thie
building blocks in the GM-VV product, process, aoidjanizational dimensions to satisfy the specific
VV&A requirements and constraints in the M&S envinaent in which the GM-VV is applied. During the
execution of the V&V work, risk-based tailoring ised to find the optimum cost-benefit ratio (e.qg.,
distributing project resources based on M&S udé.ris

GM-VV Argumentation Structure

The objective of a V&V effort is to develop evidenapon which an acceptance recommendation is based.
This V&V objective is articulated as an acceptagoal. This high-level goal should be translated iat

set of concrete and assessable acceptability iarifer the M&S system or result(s). Relevant and
convincing evidence should then be collected oegsed to assess the satisfaction of these criidffi@n

it is convincingly demonstrated to what extent M&S system or result(s) does or does not satidfy al
these acceptability criteria, a claim can be madewbether or not the M&S system or result(s) is
acceptable for its intended use (i.e., acceptalaimc(Figure 3).

Developing an acceptance recommendation usuallghias the identification of many interdependent
acceptability criteria. Collecting the appropriaeidence is not always straightforward, and it @& n
always possible due to various practical constsaiBesides the usual resource constraints, inptger
we deal with situations where the training systeightnnot be available yet, or where one has to oaly
claims from various training systems suppliers.

The GM-VV argumentation structure approach is veelited for the work proposed in this paper. It
provides a systematic approach to deriving relecaitdria. These criteria may be related to thening
system at hand (utility, fidelity, correctness) atudthe processes with which a training system is
developed. Not all criteria are equally importahtis fact translates into different weights for iranches

in the argumentation structure.

The argumentation structure approach is flexibleugh to be used in various ways. One approach is to
have criteria for all assets in a complete traimnggram (classroom, simulation, live). Another @ach

is to look at the prospective training system aedetbp criteria on how well the future users hanaked

at the effective use of the prospective systeneletion to the other training systems and material.

If the argumentation structure has been constructed specific training purpose, it can be apptedll
candidate systems identified in the DMP-B and CspkaThis will show for each system where it will
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work well and where it is lacking. Once a specif@ining simulation has been chosen, and it becomes
available, the experimental frame can be execwgdif, but now more thoroughly), and the second par
of the argumentation structure, the claim netwotkn be build. This leads to an acceptance
recommendation in which all the strong and wealktgodf the system can be traced back to what this
means for the purpose.

The V&V Goal Network The V&V Claim Network

Acceptance Goal

Acceptance Claim

Acceptance
Planning Assessment

Acceptability Claims

V&V

I‘Ianning Assessment ’

ey _
‘ Experimental Frame V&V Execution V&V Results ’

Fvidence Solutions

Figure 3: Argumentation structure consisting of a Goal (left) and a Claim (right) Network

The GM-VV has been successfully applied to a varoétM&S applications and domains: serious games,
simulation-based experimentation, methodologieslinng the use of M&S assets, data such as syetheti
terrain databases, etc. A V&V Centre of ExcellenQetjlity (Q-tility, 2012) has been established to
provide V&V services based on the GM-VV.

24 GLOBAL COST ANALYSIS

Present DMP activities usually focus oost aspects of simulation. Cost generally means “That which
must be given or surrendered in order to acquiredyre, accomplish or maintain something” (NATO
SAS TG-069, 2009). The procurer’s task is typicatiyobtain a training system that fulfils the tiagn
needs and system requirements (Section 2.1) dbwest cost possible and within a certain budgetary
limit that is often set in advance. In many procoeet processes, cost is mainly quantified as the
economic price of the system itself. Other costdia; such as labour, calendar time, or resulting
capability may not be sufficiently taken into acnb(NATO SAS TG-069, 2009). Cost should be relevant
(e.g., attributed or refer) to either the simulatiofrastructure, or to the objective system(s)edeped.
Capital investment and usage (i.e., operationaljscghould also be included, but are often basedugh
estimates due to lack of historical data from éxgssystems or because of unknown characteristittseo
new system.

A common definition for cost and its role withirethifecycle includes cost factors and cost drivers:
e a cost factor can be either (1) a cost-estimataigtionship (CER), in which cost is directly
proportional to a single independent variable; rg brief arithmetic expression wherein cost is
determined by the application of a particular facsoich as the percentage of labour or material.

* a cost driver may be interpreted as either (1)lament or additive component of cost; or (2) a
determinative affecter of cost, represented in soases as a multiplicative weighting applied to a
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relevant additive cost component. Often, the teost driver is reserved to denote the most
significant causal factor in cost (NATO SAS TG-02909).

In line with the basic principles of cost- and difele analysis, our vision aims to support the whol
acquisition process (e.g., stating the need, trgimeeds analysis, requirements analysis, evatuatio
selection, and acceptance of assets), taking ladlr aiost aspects of the simulation solution liféeynoto
account (e.g., deployment, maintenance, re-usiemeint). The proposed support vision calls for an
integration of verification, validation, and acdtation (VV&A) methods and cost-effectiveness asay
(CEA) to make sure that a valid and cost-effectraening simulation solution is acquired.

3.0 INTEGRATION OF PROCESSES

A tight integration of the three processes disadisg®ve (acquisition, CEA, V&V) would mean that all
process steps, roles, and information flows wo@dumed in order to obtain the most efficient indéded
process, resulting in the most cost-effective trgjrsimulation solution. This is something that aim for

in the near future, but for now this comprehensntegration has not yet been established. Instee

we focus on a somewhat higher level of integratidnis section provides some practical guidelined an
steps to be taken for the specification and adipisof training simulators and instructional gamekis

is done from a combined didactical and cost-effeciess point of view, aiming at optimal transfer of
training at minimal cost. The guidelines and pphes presented here are based on information from
handbooks and studies that have been carried éareben the requirements analysis and specificaifon
synthetic training environments (Cohn, 2009, Fargteal., 1999, Korteling et al., 2001; Kortelingagt,
2011; Milham et al., 2009; Stanney, 2009; Verste@®®4; Young, 2001; Young, 2004). The guidelines
for V&V are derived from Voogd et al. (2009) ands8l (2012). The important elements which form the
backbone of the acquisition process are discusskxdvbFor each process the most important CEA and
V&YV aspects are indicated, and ideas are presdatebeir integration.

3.1 PreDMP Analyses

After the TNA (see Section 2.1), the feasibilitydgmrospects of simulation for specific tasks tdragned

for relative to other education and training altgives should be investigated (Farmer et al., 1999;
Korteling et al., 2001; Korteling et al., 2011). i§ractivity may be seen as training solution analys
(TSA). The alternatives to be considered includguégition of a new system, adaptation of existing
systems, optimal mix of live, virtual, and classrodraining. When global comparisons between
alternatives have to be made, a global cost-utlitsilysis may be a good solution (see Section)3.1.2

In this phase, V&V should begin. The argumentastyacture (AS) Eigure 3) is initiated, and the
following DMP stepped criteria are added. Critenaeffectiveness, efficiency, and risk are addetthi¢o
AS. Criteria are not restricted to those directliated to the purpose (training) or the M&S syst&me
can also add criteria related to the quality ob{sprocesses and roles. For example: Was the TNA
performed correctly (right process, right expegts,)? Was an up-to-date listing of already avéglab
M&S assets available and used?

3.1.1 Glabal cost-utility analysis

For simulation-based training, the first step afost-effectiveness analysis involves the investgatf

the feasibility and prospects for (different form§ simulation for the specific tasks to be trairfed
relative to other alternatives. When global comgmars between alternatives have to be made, as is
prescribed by DMP Phases B and C, a global cd#irusinalysis may be a good solution. Such an
analysis includes weighted measures of expectadrtgavalues and foreseeable training cost.
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3.1.2 Utility Analysis

The utility analysis considers the expected tragnialue of alternative solutions in terms of gehatiity
components. It helps to choose among potentiainatiwes. The following general prerequisites of a
utility analysis can be respected:

* A number (at least two) of alternative possibitiaust be defined by using the same set of ctjteria

» The criteria must be distinctive, non-overlappiagd exhaustive for the decision problem;

» The criteria can be weighted according to theiatie¢ importance and, thus, may be combined into
one utility factor.

The utility of training a certain task or functibg simulation is its usefulness for the traininganization

(i.e., defence). It can be globally assessed bydll®ving major components:

» Value of the provided training for the organizatidiat is, how important is this training for fulifig
the typical mission and preserving the continuityhe division, branch, or system;

» Importance of the addressed training difficultiesbottlenecks like safety, limited training ranges,
etc., and the possibilities for overcoming thesetations by using simulation technology;

* Availability of training resources, taking into @emt environmental restrictions, training, and
exercise logistics, instructors, time constraiats,;

* The attractiveness of a simulator. Simulation pilesi opportunities to perform tasks in a realistic
context, which is also attractive and stimulating;

* Instructional games can be played outside a priofegiscontext, outside working hours. If workers
perceive that a simulator is attractive, this cdeldy more training hours without additional
organizational cost.

3.1.3 Cost analysis

The cost analysis considers the cost reductiomgiateof alternative training simulators, whichriginly
determined by simulation technology and the persbmequired (students and instructors). For every
alternative training solution, at least the follagicost categories should be estimated per year:

* Number of students

* Instructor cost and student salaries

» Cost of scenario/lessons development (3-D datapbasgss, etc.)

» Hardware cost and software cost (development anifense cost, updates). Infrastructure cost
(network, extra electricity facilities, building mméenance, etc.)

» Infrastructure operating cost (electricity, heafing

» Simulator maintenance and technical support (peeddposts
» Cost of accommodation

* Travel cost

e Cost of documentation

3.1.4 Decision on the Basis of the Cost-Utility Analysis

The final step of this global cost-utility analysisto compare the total cost of every alternatwih their
utility values, and decide which alternatives havhigh utility to cost ratio and, thus, can be paota
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shortlist for further analysis (Figure 4). In thedse, the mission, tasks, and training needs rabe t
further mapped onto the selected solution(s) (ox ofi solutions) to specify the most cost-effective
training solution on a more detailed level.

b ] o »
Longlist -‘ J Shortlist jJ‘ Candidates
General Detailed
needs needs

Figure 4: Downselecting Alter natives

3.2DMP A and B Phases: Global Functional Specifications

In this step, the functional requirements of ttaning simulator are described, aiming at maxintatc
effectiveness.

Functional specifications are defined as simulab@racteristics on an intermediate level; for exanbe
human—machine interface components required atiagofield of view of the out-of-the-window views
rendered by the display system. This should be dati®ut exactly specifying how (by what technical
means or components) these requirements shouldtéieea (Korteling et al.,, 2011). The TNA has
resulted in a list of required competencies and pmiance levels (criteria for task behaviour and
simulation capabilities). The analysis at competdereel should aim at the description of the miniset

of tasks or subtasks in relation to relevant tragnscenarios to be simulated, which are necessary f
training all relevant competencies. For each (subsk identified in the TNA a set of functional
specifications (global simulator characteristicay o be provided. In order to specify a cost-d¢iffec
simulator in this way, a number of cost-relatedtdex have to be considered. Following are some
examples:

» Trainee level: initial training usually requiress$efidelity, or realism, and thus less cost, tHam t
training of experienced trainees.

» Type of task: it is usually more difficult (expewms) to achieve physical fidelity in simulators for
perceptual motor tasks than for cognitive taskaddition, procedural tasks are relatively easied(
cheaper) to simulate with high fidelity.

» Part-task training: selectively focusing on thoasktvariables that can be easily trained for on a
simulator and with high training effectiveness nbaycrucial for cost-effective simulation.

» Level of fidelity: in practice, the desired levdl fidelity should be based on a cost-benefit tratfe-
analysis. Achieving extra fidelity involves costat should not exceed the benefit of higher transfe
and/or efficiency of training.

Full-fidelity simulation is, in many cases, not virgd. The methods described in GM-VV should be
applied in this phase to decide on the fidelityuised to meet a certain training need. This leaxds t
technical criteria and (quick-and-dirty) methods tieeir measurementhe following V&V activities can

be performed here:
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» Derive criteria from the high-level needs and gt in the argumentation structure

* Check each alternative on a coarse-grained lev&dédf there are showstoppers (i.e., an M&S system
clearly fails an important criterion).

» Derive and check quality criteria related to the$¥B processes and roles.

3.3DMP C Phase: More Detailed Specifications

3.3.1 Technological analysis and technical specifications

In the functional specifications laid out in theeyious step, the global simulator characteristicd a
capabilities needed to train the required competeace specified, but not what type of displayesysor
what specific product would be best. This step &xl how to specify these technical requiremerites T
is done in three parts: First, identify simulatabsystems and related technologies. Second, igadsti
which technologies and products are on the market iavestigate their (technical) performance
characteristics. Finally, identify the cost of teologies and products and the possibilities fort-cos
savings. This might include considering co-operaiwith other branches of the defence organizadron
with partner nations on scenario or database dprredats, etc.

A technological inventory shows the major trainjsigtforms, engines, and subsystems that are algilab
their performance characteristics, and their lideycosts. Note that this inventory may be re-used
future acquisition projects or could be shared wahner nations.

Where needed, the high-level criteria in the argutatéon structure can be refined and more spetgfits
may be defined to uncover showstoppers for soneeratives. Again, process- and role-oriented qualit
criteria may be added and checked.

3.3.2 Cost-effectiveness trade-off analysis and training system specification

The final step is the specification of an optimalator configuration from a cost-effectivenesspof
view. This is the result of a trade-off betweenthiaimal necessary simulator components and reagpna
high training benefits. In order to acquire sudinaulator, the following activities have to be urid&en:

» For using simulation to train each subtask, esgntfa¢ costs of the technological requirements.

» Select those subtasks which require simulator-btais@ting because they cannot be trained in a cost-
effective way without simulators (high cost, darmges, environmental restrictions).

» Select those subtasks that may benefit substantralin the potential advantages of simulation (e.g.
attractiveness, flexible scenario generation, autberaining, and guided-discovery learning); amd/
select those subtasks which require a considesab@nt of conventional training (which should be
known if the task domain is not completely new).

» Eliminate those subtasks that fulfil relatively miirtraining needs and require complex technological
components (high costs); and/or eliminate thosetasiéb that lead to complex (expensive)
technological requirements, which can be trainefiécéf/ely by conventional means, such as
exercises, classroom settings, books, videos, etc.

Based on the remaining subtasks a cost-effectimelator can be (globally) specified. This can bealo
by aggregating the remaining subtasks and fittivent into a coherent simulator. In order to prodace
complete simulator, it may be necessary to inclemeulator characteristics or components to train
subtasks that were not selected initially.
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In the V&V argumentation structure, the coveragehef various elements of a complete training system
design, including one of the alternatives M&S-batathing systems, can be indicatédg(re 5). From

this coverage, it becomes clear what parts of thpgse are not (fully) supported. The costs may bs
estimated for adaptations, such that all purposesudly supported. This can be done for all alédive
training systems (Figure 6), in order to compasarth

Purpose

Design

L

Figure5: Argumentation structure coverage of a completetraining system design.
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Figure 6: Visually presenting the comparison of alternatives based on effectiveness and efficiency
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3.4DMP D Phase: Selection

The utility, validity, and correctness criteria clissed above are derived and used in the process of
choosing the most effective M&S asset from a nunddfealternatives or candidates. In general, the
effectiveness values required are determined iritbiefew DMP phases, and they are used in thesg@ha
where simulation assets are chosen.

The problem is that this overall effectivenessrisgeneral not always attainable because of overall
limitations. The available budget is a clear examgdla limit that forces choices in components thiate

the overall effectiveness down. Asset availabilitge, needed user expertise and, especially irtanyli
applications, security issues, can also become stopwers and place constraints on the acceptable
solutions.

This might mean that some aspects of a simulatitirbesbelow the determined effectiveness limit,ileh
other aspects score above this limit. In that cése,aspects that fall below standard will prewvet
customer’s overall purpose from being met. The &timan, however, might still be suited for sometpar
of the customer's purpose. The forced choices guhiea development of the simulation can be madik suc
that the best possible effectiveness can be reachkdchoices where the utility falls below the
effectiveness must be recorded and communicatddtbabe customer and users as limits on the agin
purpose.

Optimal effectiveness is obtained when all releantors are taken into account and the negatiyaain
on effectiveness of forced choices for compondrasgcore below minimum effectiveness are minimized
The impact of the influencing factors may diffehi§ impact must be derived from the customer's qagp
and the contribution to that purpose. The estimatddof using a component that does not score @bov
the effectiveness value is an important issueke tato account.

The sections above discuss the ways in which éffaatss is influenced in practice and how effectdss
criteria can be established. In order to decidectwhissets to use in a simulation, it is necessakpow

how many resources are involved in changing (upggadnd possibly downgrading) these assets. Then,
as described in Section 3.3, each alternative thieisosts associated with changes and the riskerof
effectiveness must be taken into account, suchtti@atnost optimal combination of assets and changes
can be determined.

4.0 EARLY CONCLUSIONSAND ROAD AHEAD

4.1 Early conclusions

Acquiring cost-effective simulation systems foliniiag applications is a challenge that must be eskird
because of increasing demands for joint and colledtaining in times of shrinking budgets and liewi
available resources. The acquisition processe®rmilyrused for military systems seem more fittiog f
hardware needs that are specified in great detail leave little room for negotiation. In the cade o
training simulation systems, however, there isrofierange of possible solutions that allow utititgde-
offs, which lead to trade-offs on effectivenesdjcefncy (costs), and risk, which are translatetb in
choices for fidelity and correctness.

The selection process should start with a detdildé. Validation methodology can then be applied to
analyze how the training needs are to be weightitd mespect to each other. Training effectiveness
estimations will help assessing the degree to whichrtain training simulation system meets thentls
needs. The combined outcome of these analysestiveifi allow the selection of the most effective
solution.
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It would be counter-productive to expect a “oneedits all” solution in the near future, but thiager
proposes an approach that could be taken to impgteyaituation. The discussions should help refine
conceptual model of how to integrate TNA, VV&A, andst-effectiveness analysis into the acquisition
process. This is a starting point for developind emaluating formal processes and technical saistin
support of the process.

4.2 Road ahead

The integrated overall process, consisting of ttgusition, VV&A, and CEA processes should also be
effective and efficient. The three different peidpes can each be described as processes cogsiétin
activities, which are executed by roles, and whésult in certain products. The products must bimele,

such that the information contained in them thaused by more than one process, can be re-used
effectively and efficiently. Based on this analysia overlap in activities and roles may be idesdifand
removed.

A different combination of activities is requireorfeach situation. At the beginning of the acaigisitan
overall process must be defined for the situatiohamd that integrates all three processes astig#c
and efficiently as possible.

A number of questions remain to be answered reggr@EA. What are the major cost drivers, for
example? How can effectiveness of training be estichand compared for different forms of training?
How can historical data be used? What are the apptes and consequences of using Commercial Off
The Shelve (COTS)?

The authors hope to further develop these ideasclase cooperation with MoD procurement
organizations. A proposed study on this topic isently under review. The study will also engagéhwi
the wider NATO RTO community, in particular SAS phand NMSG, to contribute to this investigation.
The addressed challenges are obviously not limitedhe military domain. Many businesses and
organizations are facing similar issues. In thigpeet, the ongoing research within the Netherlamds
“Topsector Creative Technologies” may lead to sonseful new ideas and civil-military co-operations
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