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Abstract

In design science research in information systems (DSRIS), validation is often neglected in
exchange for an emphasis on evaluation. However, rigorous scientific contributions most often
explicitly address validation. In order to address the complexity of validation within design
science, an explicit recognition of the assumptions and methods used within the DSRIS framework
is needed. In this paper we discuss an approach to validation in a research in progress aimed at
theory development in coordination of crisis response, through the use of agent-based simulation.
This enables validation to be discussed from the point of view of simulation, the agent-based
approach and the domain of crisis response, underpinned by a hermeneutical epistemology. Other
research endeavors within DSRIS can follow a similar strategy to deal with the issue of validation.

Keywords: Design science, validation, agent-based simulatinsis response

I ntroduction

The discussion around rigor vs. relevance in inftiom systems research (ISR) has been around foe s$ine,
focusing on the nature of ISR, on the interactietween researchers and practitioners, and on tiseotebetween
the design of information technology (IT) artifactad the development of theory, among others. Wéilme
provide recommendations for increasing the relegarfdSR outputs (Benbasat et al. 1999; Gill eR8D9), others
provide suggestions on how to improve the rigoru@eau et al. 2001; Lee et al. 2009). The increfsinsed and
accepted design science research in informaticiersgs(DSRIS) would seem to provide an adequatecfnaork for
ISR which is both rigorous and relevant (Hevnerakt 2004; Winter 2008). However, the epistemologica
foundations and the role of theory development alitlation in DSRIS are still unsettled, leavingeapguestions
for the actual practice of relevance and rigor.

The agreed upon genesis of design science liegiheit Simon’s The Sciences of the Artificial (fimublished in
1969) in which he articulated the difference betweatural science, concerned with how things amd, design
science, concerned with how things ought to beedas his understanding of design as problem spl¢@imon
1996). Following Simon’s tradition, design sciengas introduced in ISR by March and Smith (1995),0wh
presented it as corresponding to prescriptive rekeaimed at improving IT performance, as opposedadtural
science, corresponding to descriptive researchcaahenderstanding the nature of IT. An importaminpwas that
ISR should actually integrate both perspectives,aegument that came back on the more recent andyhig
influential paper on DSRIS (Hevner et al. 2004)wdwger, with almost a decade in between there im@nesting
revision worth noting. March and Smith (1995) att#élte activities oDiscovery (generating or proposing scientific
claims) andlustification (testing scientific claims for validity) to natlirgscience and present them as separate from
(but parallel to) the activities oBuilding (constructing an artifact for a specific purposa)d Evaluation
(determining how well the artifact performs) attadhto design science. In Hevner et al. (2004) thiwides were
merged intoDevelop/Build and Justify/Evaluate. This helps state the case in favor of having bethvance and
rigor in ISR, but may also leave behind lack ofritjawith regards to how theory development shdoddseen in
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DSRIS. On one end of the spectrum, March and S¢hRB5) explicitly exclude theory and theorizingrfralesign
science. On the other end, several authors contetdheory development should be an intricate pABDSRIS
(Kuechler et al. 2008; Markus et al. 2002; WallaletLl992). Hevner et al. (2004) do not seem te taktance either
way. This paper takes that view that DSRIS couldubed for theory development (leaving aside thestipre of
whether it should). However, this still leaves ojgsues around epistemology and validation.

Epistemological issues may arise when asking what &f theory can be developed through DSRIS. Wetlal.

(1992) speak of design theories, which are presegipheories about how to design information systeffectively

and feasibly. Venable (2006) claims that desigoties should be reduced to utility theories, whach predictive
(rather than prescriptive) about the utility of Bpg a meta-design to solve meta-requirementsofthean also be
related to the kinds of artifacts produced by DSRiIBich according to March and Smith (1995) maybestructs,
models, methods and/or instantiations. For WirR@08) theories should be considered a fifth (intetiate) type of
artifact. In contrast, Gregor and Jones (2007) takeoad view of theory which encompasses constromdels and
methods, and where only instantiations corresporttié (material) artifact as such. According t@iiv2007), it is

precisely the difference in the type of knowledgeduced which determines the epistemology undeghdSRIS.

Gregor (2006), however, has strongly argued thattyppe of theory produced in ISR should not dependhe

underlying paradigm; for her, theory is actuallgépendent from specific ontological or epistematagpositions.
Nonetheless, the question of how (or if) to vakdtite resulting theory does depend on an underbjigtemology
(Niehaves 2007).

This paper presents different perspectives fordasilig a research in progress aimed at improvingudported
coordination in the domain of crisis (emergencygpanse. The theoretical development is an externsicthe

information-processing view of coordination — e(Galbraith 1973; Malone et al. 1994) — with notidinem

emergence, leading to new design principles foreltgming and using IT to support coordination of tiplé

response agencies in case of an emergency. An-bgsadl simulation model is built to enable comparisetween
different coordination mechanisms and showing havemgent coordination can be achieved. This endimés an
improved understanding of coordination in the domaf crisis response, as well as providing a tebtfos

experimenting with different mechanisms that imgifferent designs and uses of IT. We follow Gregod Jones
(2007) in placing our theoretical contribution ViittDSRIS as composed of constructs, models andadsttiThe
concepts of coordination are combined with the epig from emergence and represented through an-bgsed
model for which a specific development methodolagyused. The resulting simulation model constituites
instantiated artifact.

The rest of this paper starts by presenting thegdessience framework as approached in this rekedids leads to
a discussion of validation in DSRIS, focusing oa tklationship between theory validation and astifvaluation.
Depending on epistemological considerations, attifvaluation can serve as a way to validate thdeying
theoretical contribution, so validation of the slation model itself needs to be considered. Acamlyi, we discuss
validation fro the point of view of simulation arttien within the agent-based context in particulahere
epistemological issues also arise. Finally, weflyridiscuss validation of agent-based simulatiorthiw the context
of crisis response. The final section summarizesagproach to validation that results from the wis@n and pints
to the next steps in the research.

The Design Science Framework in Infor mation Systems Resear ch

Design science, as a problem-solving paradigm 3@, Iseeks to create innovations that define thasideractices,
technical capabilities, and products through whiod analysis, design, implementation, managemect,use of
information systems can be effectively and effidieraccomplished (Hevner et al. 2004). As such, SRIB

contribution requires identifying a relevant orgamional IT problem, demonstrating that no solutiexists,

developing an IT artifact that addresses this mablrigorously evaluating the artifact, articulgtithe contribution
to the IT knowledge-base and to practice, and @xipigthe implications for IT management and piae{March et
al. 2008). Let us recall the basic framework fdR fBom the perspective of DSRIS in Figure 1.
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Figurel. Information Systems Resear ch Framework, adapted from (Hevner et al. 2004)

The dual goal of relevance and rigor in ISR hasamly been mentioned as key to DSRIS. The framevimikigure
1 suggests that relevance is attained throughifaeion of business needs and application of @ifeat within an
environment, while rigor is achieved by approptiatgplying existing foundations and methodologizdoth the
construction and evaluation of the artifact (Hevet¢ral. 2004). Later, Hevner (2007) presented thresdhe
Relevance Cycle and theRigor Cycle, respectively. In addition, the central componenEigure 1 (IS Research) is
achieved through @esign Cycle in which the artifact must be tested thoroughlyobe “releasing it” to the
Relevance Cycle and before the knowledge contribution is outptd theRigor Cycle.

Since design science is issue-driven, rather theory-driven, e.g. (Klabbers 2006), tReevance Cycle guided the
start of the research in progress that this paglates to. An initial literature study of coordiiwet in crisis response
and of the role of IT in supporting it provided anitial set of open issues. THeigor Cycle then provided a
conceptual framework for studying coordination ragiice and for identifying the limits of the kna#lge-base that
constitute the opportunity for theory extensioe.(the information-processing view of coordinatioflis led back

to theRelevance Cycle for a case study in which observation of crisgpmnse exercises provided empirical content
to the theoretical concepts and contributed to tifléng context-dependent business needs. As altre$uhe
findings from the case study, thigor Cycle continued, committing to emergence as a sourcenfiproving
coordination in crisis response and as a potegi@nsion to the theory of coordination in thidiegt This included
the study of emergent coordination in multi-agestems and to background notions of emergenceriargé With
these elements, thesign Cycle as such began. Simulation is used as the guidiategy for this core cycle, for the
following reasons: 1) simulation can be used feotly development/extension (Davis et al. 2007) ianidherently
suitable for iterative testing before returning tte relevance and rigor cycles, 2) agent-based lation in
particular can be used to study emergent coordingMacy et al. 2002), and 3) simulation is an adeg research
method in crisis response were collecting datai@ctdy implementing artifacts can be prohibitivedypensive or
risky (Kleiboer 1997). This use of simulation withthe DSRIS framework opened up questions regarding
validation which we will address in the rest of thaper.

Validation in Design Science Resear ch in Information Systems

Many DSRIS accounts focus on evaluation, rathem traidation (Hevner et al. 2004; Kuechler et &08; March
et al. 2008; Peffers et al. 2007). Thus, an opesiipn is what validity might entail within DSRI8s compared to
evaluation. On the one hand, any artifact resulfiogn DSRIS should be assessed against a criténialoe or
utility (March et al. 1995). Such criteria dependtbe type of artifact produced, e.g. construatsemaluated against
completeness, simplicity, elegance, understandilaiiid ease of use, while implementations are at@uagainst
efficiency, effectiveness and impact (March etl@95). On the other hand, design theories are sutgjeempirical
validation (Walls et al. 1992). Utility theoriegrfexample, are stated in terms of efficacy, eiffectess and perhaps
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elegance or ethicality (Venable 2006). It wouldradben that evaluation corresponds to the artifantsvalidation
to the theory, but this distinction becomes murlhew the theory is expected to be validated thrabglartifact.

The premise behind using the artifact to validatetheory is that theories are intended to cormdpo reality, but
reality cannot be directly apprehended (we onlyehperceptions and representations) so we needotge ghe
effectiveness of theories through practical apfibices (March et al. 1995). Furthermore, when it egnto design
theories, even if they pass scientific tests ofl@xgtory or predictive power, they must also passtést of practice
(Walls et al. 1992). Since domain-independent desiiggories cannot be assessed directly, they eeqgldmain-
dependent knowledge and the creation of a domaini$p design theory used to develop a real sygteakola et
al. 2008). This understanding of validation cormsgs to the pragmatist philosophy according to Wwhiath is
utility or “what works in practice” (March et al985). In this view, the evaluation of the artifactresponds to the
validation of the truthfulness of the design ofitytitheory that it embodies (Venable 2006; Waltsaé 1992).
Others take a more radical view by stating thafaats have no truth, only utility (livari 2007; Mzh et al. 1995).
In this case, validation is not done against a omeasf truth, but rather against a measure of padignvalue
determined by pragmatic success (Moody 2003). Thight actually render pragmatism as an inadequate
epistemology for DSRIS, because it is not aboutagng truth with utility, but rather about doing aywith truth
altogether, which is more akin to constructivisrhu$, the assumption that DSRIS is based on pragmatihough
widely held, does not hold for all kinds of DSRIBaking it open to alternative epistemologies, siash
interpretivism (livari 2007; Klabbers 2006; Niehau#007).

Even assuming a pragmatist/constructivist viewalidation through artifact evaluation, it remainsiglematic for

the following reasons. While acceptance of thdatimight be seen as a conventional way to vaigaescriptive
knowledge, such acceptance is not an inherent aspebe artifact, because the artifact might beepted years
after its construction and because the artifatypgcally weakly linked to the underlying theori@gsari 2007). In

addition, attempts at partly overcoming the valmaproblem through pragmatic success shouldrsiibgnize that
even if the theoretical propositions survive thepeinal test, this status of being valid is alwagstative and
temporary (Lee et al. 2009). This corresponds tppRds philosophy of science, according to whickotles are
only provisionally valid, or rather, corroboratedamnfirmed until refuted (Lee et al. 2009). Moreova plausible
but unsuccessful artifact suggests contextual ditiihs rather than disconfirmation or falsificatigfuechler et al.
2008). Furthermore, even if the theory is falsifiedresearcher can still invoke auxiliary hypotisege defend it
(Lakatos 1978).

Despite the above challenges, in DSRIS the relatfoa designed artifact to theory is extension egfthement,
rather than disconfirmation (Kuechler et al. 2008)is fits with the iterative nature of thgesign Cycle (and its
corresponding simulation strategy) suggesting waditlation can still be achieved through the sirtiata artifact,
which is why we need to look at validation andfadi evaluation from the point of view of simulatias well.

Validation through Simulation

A straightforward use of simulation is DSRIS is aiinat supporting the artifact assessment by supplgn
artificial setting for testing its potential utilitand thus validating the underlying theory. Anrapée of this can be
found in Chang (2008). In this example, two thenfjgrospect theory and mental accounting) are coaabinto an
artifact (a pricing system) and evaluated for peex utility through simulation (using performanceasures). The
simulation results reveal that the prices obtaiasgl superior to those obtained through pricingesystbased on
expected utility theory, thus demonstrating theugabf the theory embedded in the artifact. Anotbeample
(Muntermann 2009) proposes a simulation-based atralu approach to determine the (potential) valfiear
artifact. In this case, the artifact is a prototyea mobile financial notification decision suppeystem based on
underlying forecasting models. Since it is a prigiet market adoption lies potentially in the futared thusex ante
evaluation is needed. The simulation provides #téng for empirically testing hypotheses about tatue of the
DSS on the basis of historical and artificial dd&@ath examples follow the view that utility ultinedy determines
the value of the artifact (and of the underlyingdty) but since simulation is used to determins {piotential)
value, the simulated performance is as valid asithelation models that are used to test it.

In our case, simulation is not used for assessiagparate artifact, but rather the simulation masi¢he artifact
itself which is built inside th®esign Cycle. The model operationalizes the theoretical coostr(Davis et al. 2007)
and can thus be used to extend and refine theyth€bis means that the simulation is used withdhal purpose of
instantiating the constructs, methods and modetgirdd from theRigor Cycle while at the same time enabling
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experimentation to test and extend those same nwofi@ratively. This is consistent with Simon’s wighat
simulation can provide new knowledge by working thg implications of premises or assumptions weaaly
know, or by using simplified models in which newpasts arise out of the organization of the partpaorly
understood systems (Simon 1996). According to lérid Hense (2006), simulation can be used to brikdgeyap
between analytical (natural) science and desigensei, because it has a dual position. First, timellation model
itself is designed as an artifact using knowledgenfanalytical science and is subsequently tragdlato concrete
context-dependent circumstances and evaluateddingato the theory. Second, after having beenuatadl, the
simulation model itself can be used analytically tieeory testing. This follows the DSRIS premisatttesign is
science when the design is aimed at instrumentsstaheories (Walls et al. 1992). The dual ussimilation does
not preclude the validation of the simulation maitsIf, which is why we need to discuss validatiohis context.

Model Validation in Simulation

Simulation model validation is equivalent to substting that the model, within its domain of appbility,
behaves with satisfactory accuracy consistent thighstudy objectives (Balci 1994). In terms of DSRhe domain
of applicability and the study objectives are daieed by theEnvironment (see Figure 1). But the “accuracy” is
where we encounter problems. The fundamental difficin validating both simulation models and stiin
theories has to do with the problem of inductidvattis, inferring from observations of a real systhat the model
(or theory) captures essential structures and peteam of said system (Kleindorfer et al. 1998). Bivaplified
assumption is that any deviation from the real danlitput is a result of errors that diminish thedeits validity.
However, design should be aimed at changing egidituation into preferred ones (Simon 1996), saati®n from
the “real world” is precisely what we are aiming.f@his shift from predictive simulation models (grk accuracy
is fundamental) to simulation for improving undarsiing and performance implies a shift in epistegickl
emphasis as well.

Broadly speaking, the epistemological focus in d$ation may have an objectivist or relativist chaeac
(Kleindorfer et al. 1998). Extreme objectivism paoirgs that model validation is independent from lhélder and
the context. Extreme relativism believes that atidels are equally (in)valid, as this is a matteropfion. In
practice, most modelers adopt an intermediateeglyatThis can be understood epistemologically asméreutics,
which advocates for enough constraint to guarastaieility and meaning, yet no so much as to sfleonomous
and creative action. The “hermeneutical circle”simulation holds that there is a continual playkbaad forth
whereby our understanding of general principlemdseased as we interpret the particulars in argaeplication.
Furthermore, there is a recognition that this “plgy with a simulation model — or a theory — is ayof effecting
its validation (Kleindorfer et al. 1998). One ca®eghe parallel between this “play” and tesign Cycle in DSRIS.
First, construction of the simulation model is adamental step in the validity of the simulatiosulés (Becker et
al. 2005). Second, validation (along with verifioat of the model) is not a phase or step in theclitle, but a
continuous activity throughout the simulation lifete (Balci 1994).

Accordingly, we depart from the use of simulatianlety as lab experiment, as in (Kriz et al. 2006 ri#rmann
2009), which is objectivist and thus tied to nalfarzalytical science, despite the pragmatist getef value. A view
of simulation which is more adequate for desigresoe has been proposed by Klabbers, e.g. (2006 usn-
trivial machines and concepts from complex adapsiystems. This changes the emphasis from beingblari
centric, to being process-centric, as well asisigifthe focus from the “community of observers'ttte “community
of practice”. This shift implies two things: firdhe artifact's meaning is constructed by the comityuof practice
in its context of use; second, the representatioiftssfrom a trivial machine to an actor system.eTfirst
consequence is dealt with by recognizing the ugtwylepistemology of heremeneutics and points tdeaxpert
validation, the second consequence is dealt withdppting an agent-based approach to simulationhnfitis with
the actor system perspective. Thus, we go on tugssvalidation in the context of agent-based sitian.

Validation in Agent-Based Simulation

Agent-based simulations address the “what-if” goesas do other simulation approaches, but alsts deith the
interaction between local and global, micro and nmamdividual and emergent behavior, and structigiechaos
(Davis et al. 2007; Louie et al. 2008; Macy et2002). The consequence, in terms of validatiortha model
validity can no longer simply be understood as lubese the computed behavior is to the “real” answerause
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there is no “real” answer” when we are dealing Withhat-if” analysis. In this case, face-value expealidation
often takes the place of quantitative or statistradidation techniques (Dooley 2002).

This distinction between quantitative/statisticaligation and face-value expert validation is cali@n agent-based
simulations. In general, multi-agent models of absystems represent a new approach to simulationvhich
traditional validation methods are not always aggilie (Louie et al. 2008). This creates a challédbgealidation
of agent-based simulation and is the source of nmidhe criticisms that it receives as a researethod. Such
criticism, however, arises from a different pergjwecon the use of simulation, as the following soany of (Louie
et al. 2008) shows. When the criticism surroundslélck of real-world data for grounding the simiglatmodel, the
reply should be that the purpose of the simulatieeny not require data (in fact, this might be prelgiswhy
simulation is needed, to see how data might lok&)lor that the lack of data does not precludeesyatic and
formal attempts to understand how a system beh&Vih.regards to the criticism that experts mayadige as to
the validity of the model, the reply should be ttre model is used precisely to try out, guide egfihe diverging
assumptions and mental models (not to determine ¢berectness). Against the prospect of not beihp to use
traditional validation techniques, the use of agmt#ed models is not disqualified because it esatileory
development about social processes that other afionl approaches are not amenable of doing andtiséps
analysis can still be employed to determine howviddal factors influence emergent system behawdhen the
criticism is that agent-based simulations (as wslDSRIS) are derived from the interaction of mpigtitheories,
potentially violating theceteris paribus assumption behind natural science theory validatiois is clearly at odds
with the expressiveness obtained precisely fromh saamulti-disciplinary background and ignores thiaory
development in this context does not require igmtatbut rather encourages development acrossptaulgvels of
analysis and using multiple theories to drive theadnics, while maintaining control over the vargshl

Only one dimension remains in our exploration:; dwenain of crisis response. In the following sectiv@ look
briefly at what the relationship is between crigisponse and simulation and what this implies &jidation.

Validation in Crisis Response Simulation

Simulation can be used when the cost of collectiata is prohibitively expensive or there are adangmber of
conditions to test. In crisis response there iargd number of heterogeneous response agents langeaset of
environmental variables. This, along with the udigble nature of crises and the difficulty inqoling real-life
experiments, make simulation an adequate alteemédivdoing research in crisis response. For exanginulation
can be used to rapidly examine previously unexathiakkernatives (Louie et al. 2008) or to providenare
economical method of testing contingency plans pwagtticing coordination between different respoagencies
(Kleiboer 1997). Agent-based simulation in pariicutan be used to define behavior down to the iddal agent
level, which is useful in modeling emergency reg@oto a disaster (Robinson et al. 2005).

However, there are several challenges related lidat@mn of crisis response simulations. Integratmicro-level
simulations to observe system level progressica disaster requires validating a simulation of &eptially chaotic
event and this is difficult due to scarcity andansistencies in actual data for comparison (Robiretoal. 2005).
Other challenges include: interoperability betwemmergency response modeling and simulation apjaitat
availability of good reference models or historidata; and interpretability of the simulation dg@tain et al. 2003).

Conclusion

This paper reviewed some of the literature on DSRI$eveal diverging positions or ambiguity withspect to
validation, theory development and epistemology.réspecifically, it has shown that evaluating thragmatic
success of an IT artifact, as a way to validatethieretical contribution of the DSRIS project whjgroduced it, is
problematic and epistemologically contingent. Asresult, validation is framed according to the uhdeg
epistemology (hermeneutics), the use of simulatagent-based) and the domain (crisis responses}. drkates a
consistent basis for validation of the researchrdmution in which the limitations are recognizeéde understanding
of validation is made explicit, and the choice afidation techniques is better informed, pointirigttee use of
sensitivity analysis and face validity, as well asorporating additional rigor in using simulatioand
experimentation methods transparently.

The next steps in the research will be to carry exgeriments and validation of the simulation modetough
sensitivity analysis and expert face validation.lyOafter this has been completed, can fhesign Cycle be
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completed and the contribution ready for going biats theRigor Cycle as an addition to the knowledge-base. On
the other hand, the simulation itself can alsodaly for actual use inside tRelevance Cycle. Specifically, it can
contribute to training in new forms of coordinati@nd to designing new artifacts that support emsrge
coordination in crisis response.

In general, other researchers using design sciehoeld be careful and explicit regarding their epimlogical

assumptions, the role of theory development, thinaus employed and the implications in terms ofdedion (and

its associated techniques). When the cost or fisknplementing or evaluating the artifact in thalrgvorld is too

high, simulation can provide an appropriate wathebry development and validation, as opposed tngefor the

artifact to be adopted in practice before publighiesults that can still be presented rigorously gorelevant
problem. In addition, a recognition of epistemotagiand theory-development choices will deeplyuefice the
way in which validation is approached. If we agttegt validation is an intrinsic part of sciencegritsuch an effort
could help strengthen the science of design.
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