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ABSTRACT

The current level of theoretical, methodological, and pragmatic knowledge relatechutii-anethod
modeling and simulationM&S) approach is limited ashere areno clearly identifiedtheoretical
principles that guide these ofmulti-method M&S approach.hkoretical advances are vital to enhance
methodological developmentahich in turnempower scientistto address &roader range of scientific
inquiries and improveresearclkguality. In order to developheoretical principles of multinethod M&S
approachthe heory of falsificationis usedin an M&S contextto provide ametatheoreticalbasisfor
analysis. Moreovertriangulation and commensurability artkaracterizednd investigateds additional
relevant concepts. This paper propofes theoretical principles for justificatioof the wse of amulti-
method M&S approach, which will benalyzed andised to implement methodological guidelines in a
subsequent work. A finaliscussion offers initial implications of the proposed theoretical.view

1 INTRODUCTION

Multi-methodM&S has a long history with varied applications. Fahrland (1970) suggested application of
both discrete and continuous methods to model different parts of systems. For instance, in batch-
processingat a chemical plant, aiscrete process could help investigate policies that pertain to
scheduling, inventory and resource use, whileoatinuous view of chemical reactions could describe
mass balance. In automobile trafficoblems,queuing and driver decisions would be discrete, while
vehicle dynamics continuous. In neurmscular systemstask sequencing and impulses would be
discrete, while muscle mechanics and biochemical reactions continuous. Usaggpraach with
multiple methods has gained momentimrecent years. It [saalready been used to represent various
phenomena in manufacturing (Rabelo et al. 2088lthcar€Brailsford, Desai, and Viana 2010, Chahal

and Eldabi 2008)supply chain systems (Balaban and Mastaglio 2013, Lee et al.; 20@2)military
(Balaban et al. 2014)For instance, Discrete Event Simulation (DES) and System Dynamics (SD)
methods often complement each other where DES offers better representation of detail complexity, while
SD allows foreasier representation of dynamic “feedback” effé€tehal 2010, Morecroft and Robinson
2005).
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Balaban, Hester, and Diallo (2014afferedtheir philosophical stance about the main terms in the
context of using more than a single method within the M&S filhety defined multi-method M&S as an
approach that consists of at least two modeling methods, where at least one of them is an M&S metho
The term “M&S method” combines elements of bottmadeling method and simulation under a single
term. Balaban and Hester (201@gntified various purposes for the use of a makthod M&S approach
such ascomplementarity of mébds, multilateral problems, unique representation, data availability,
validity, triangulation,and emergent phenomern2espitethe appealof using multiple M&S methods to
represent various phenomena, it is problematic ttl@possible reasons and justdtionsfor doing so
have not been thoroughly explored to provide a solid theafdiasis The arrent theoretical basis to
conduct a multmethod study idimited, which is also visible through limitations of methodological
guidelines. Overcoming the$imitations is vital to enhariieg theapplication of M&S to a broader range
of scientific inquiries, improve quality of research, and finding common ground between scientific
domains. This work proposes theoretical principles to guidald-method M&S approach.

Padillaet al.(2011)said that “M&S is the study of conceptualizations, their theory, analysis, design,
efficiency, implementation, validity and verification, and application” (p. 1B2rauseM&S process
can be also used for theory building (Smith and Conrey 2007drder to investigate theoretical
principles of amulti-method M&S approachy higher order of analysis should t@nsideredAccording
to Adams and Buetow (2014t is helpful to use a background theory as a starting point for further
inquiry that is sufficient to provide basis, but it Bsven more desirable to reach beyond background
theories toward a grand theory roots for a major enquiry research. Theory of falsification developed by
Popper (2002Wwill be introduced next as a grad theory providthgoreticalbasis ofthis work Next,
conceps of triangulation complementarityand comrmensurability will be characterized the context of
identifying justification principlesfor the useof multi-method M&S approacttinally, the paper offers
discussionin the context ofproposed theoretical principles and endith the necessaryfollow up
research.

2  THEORETICAL BASIS

This sectionintroduces and usesoncepts of falsifiability, commensurability, complementarity of
methods, and triangulation to propggstification principlesfor useof a multrmethod M&S approach.

21 Theory of Falsification
According to Popper (2002 statement is falsifiable if it is possible to concedfen observation or an
argument which proves the statement in question to be false. Popperd2a08sedypes of statements

and their relation to falsifiability and verifiabilitgéeTable 1).

Table 1:Types of statements according to Popper (2002)

Type of statement Example Falsifiable? Verifiable?
Numerically universal | Of all human beings now living ol No (within space Yes
statement the earth it is true that their height and time region)
never exceeds 8 feet
Strictly or purely All ravens are black Yes (any place No
universal statement and time)
Strictly or purely There are black ravens/ there exi No (no empirical/] Yes
existential statements at least one black raven metaphysical)
Negations of strictly There is no perpetual motion | Yes (any placg Yes
existential statements machine and time)
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Specific or singular statements refeatly to a finite class of specific elements within a finite
individual spatio-temporal regioand because of that theye considerednot falsifiable. Moreover,
universal statements refer to any place and tiraace they are falsifiable, and for the same reason they
are not verifiable. On the other hand, strictly existential statements cannot be falsified, but can be verified.
According toPopper (2002)no singular statement can contradict the existential statement because they
are limited to space and tim&/\e cannot search the whole world in order to establish thaéethamgy
does not exist, has never existed, and will never efpst49) It canbe notedthat negation of gurely
universal statement is always equivalent to a strictly existential statement and viceBesmase
scientific theories are formed frostatements that can be evaluated false, they must be accepted or
rejected by scientist

Definition 1 A potential alsifier is a basic statement that can be falsified (evaluatddises)

A theory can be falsifiable to various degrees depending on cposemtialfalsifiers. It must be at
least theoretically possible to questipotential falsifiers so that they can come into conflict with
observationlf choices ofmethods can be shown inferior based arquired degreef falsifiability, the
ability to choose more adequately would make a research design more obextivgance ABM may
be more falsifiablethan DES if usedo capture complex phenomena beyond DES'’s passivey entit
capabilitiesLess falsifiable would meanraore predictable and less variable description of phenomenon,
but less probable as a sufficient outcash@henomenon representation if a higher degree of falsifiability
was desirable. Popper (2002pvided an example of deducibility relations betweenfdiewing four
statements:

A. All orbits of heavenly bodies are circles.
B. All orbits of planets are circles.

C. All orbits of heavenly bodies are ellipses.
D. All orbits of planets are ellipses.

Statement A has the highekgree of universality and precision, and all other statements follow from
it. Moving from A to B universality decreastisecause the orbits of planets form a proper subclass of the
orbits of heavenly bodies.” (p. 10@ecause circles form subclasselation withellipses, whemmoving
from statementA to C, precision decreases. When moving frematementA to statementD, both
universality and precision decrease. B has highecision than D, and C has higher universality than D.
If B, C, or Dis falsified thenso is A. Astatement with digher degree of universality or/apdecision
consiss ofa greater empirical content, referttedas a higher degree of falsifiability.

Definition 2 Degree of falsifiability is defined by universgland precision of potenti&lsifiers.

Even though a pragmatic view on multi-method Mi&S$ecessary, achievement of higher objectivity
through a better understanding of subjective dimensions with a set of tranguaesnial falsifiers is
considered paramourtiester and Tolk (201@Jefined modeling as a process of abstracting, theorizing,
and capturing theesulting concepts and relations in a conceptual model. If modeling is a process of
abstracting elements of a system there are neither a perfeot ane hundred percent accurate
representation of that system. In M&S a mocahtentcan be described by isgope and level of detail
(Robinson 2007)In the context of M&Sthis work adaptsPopper’s universalityas thescopei.e. the
boundary of the modglvhile precisionasa level of detail. The level of detail farther described by
accuracy, precision, and resolution. Accuracy is defined by Joint Committee for Guides in Metrology
(JCGM) as a degree of closeness of the measurements of a quantity to that quantity's acUalGilue
2008) Similarly, Gross (1999 efined accuracwgs thke degree to which parameters aagiables within a
simulation model conform exactly to reality or to some chosen standard or referent. Preaisioa
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viewed aaunits of smulation trajectory (related tiime), parameters angariablesand when considering
stochastic simulatignit can pertain taan analysis of stochastic outpilitaw 2007),e.g. measured by
variance(Gross1999) Resolution is alegree of detail used to represent aspects of the real world or a
specified standard or referent by a model or simulation (Grosg.189&der to determine the relations
between statemenits the context ofalsifiability, a gain of falsifiability is defined as shown in Definition

3.

Definition 3 Gain of falsifiability (GOF) is a difference between higher and lower degree of
falsifiability.

Modeling is a mental process that uses a modeling metbodevelop a model bwbstracting
elements of realityBecause theris neither a perfect nor a one hundred percentrateunepresentation of
a systemthere areoften possiblenultiple methodologicathoicesincludingthe choice offifferent M&S
methodsor their combinationsThis introduceshe idea ofa desirabledegree of falsifiability The known
fact in M&S is that there exist no perfectly valid models, yet models can be sufficiently valid for a given
purpose.The concept of sufalsifiability scoreis proposednextin the context ofa desirable level of
falsifiability.

Definition 4 Subfalsifiability score is a partial degree of falsifiability, evaluated in relation to
characteristic(s) defined by a potentfalsifier(s) reflecting desirable degree of falsifiability.

In order to estimatesubfalsifiability scoreone needs talevelop a set opotential &lsifiers for
evaluation The potentialfalsifiers in the context oM&S method choice are falsifiable statements that
describe the requirements for selection of method(s) adequate in the contedirabledegree of
falsifiability. Degree of falsifiability originates based the purpose of study.

Falsifiability of method can belivided into internal and external falsifiabfl Internal method
falsifiability is conceptualized as a characteristic of a wetthat describes if a method can facilitate
achievement of research objectives as seen by a modeler. For instance, if a method could not represent a
phenomenon or a system with a required degree of falsifialfilityould not yield a sufficiently valid
simulation model. This in turn would not alloan individualto answer research question(s) based on
conducted experiments. Suchsiguation could be translated as an insufficient falsifiability of method
expressed in Popper’'s terms as both inability of thatkto represent system or phenomena at déssirab
level of universality and its insufficient precisiorfexternal method falsifiability as seen by the scientific
community or stakeholders relates to credibility of the study in the context of deliberationtlaoout
guality of study in the context of a method or methods employed, and considerations about a method or
methods that could have been used instead. The extegiabdfalsifiability is more subjective. The
often-qualitative external falsifiabilityalthough triangulation can be used to support it quantitatively)
requires confirmation from scientific communities. The multidisciplinary character of the M&S field
makes this requirement more problematic because currently there are no agreed upon mechanisms for
communicating subjectivity.

2.2  Complementarity and Triangulation in the Context of M& S M ethods

Mingers (2001)points at two main reasons for using a multi-method approach: “It is both desirable and
feasible to combine together different research methods to gain richer and more reliable research results”
(p. 243). Respectively, these two reasons can be associatetbmiplementarity and triangulation.

The concept of complementarity of methods originated from complementarity theory postulated by
Bohr (1928) Mingers (2001)efers to the principle of complementarity in which “no one paradigm is
superior, but that their individual rationalities should be respected within the discipline as a(pvhole”
241) In M&S context, it is often given in the context of justification for the use of more than a single
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method. Thegeneralidea behind the complementarity of methods pertains to taking advantage of
individual method strengths and mitigation of their weaknesBataban, Hester, and Diallo (2014a)
proposeda more elaborate definition of complementarityaggurpose for using different methods within
mental, analytical or simulation space to enhance the expansion of studied phenomenmsiirsysiel
(generalization and refinement), enhance the expansion outward to combine different phenomena or
systems (scope), or enhance comparigtre question arises as to whether or canhplementaty of
methods could be positioned as an overarching reasoning for the use of more than a single method.
Greene (2007described riangulation a a strategy for increasing the validity of evaluation and
research findings used to investigate the same phenomenon with an intent of convBeyezing1970)
specifies four types of triangulation: data triangulation, investigator triangulation, model/theory
triangulation and method triangulation. Balaban (20dBhtified and analyzedlifferent dimension®f
triangulation in M&S as a guidanceon how these dimensionsould affect credibility of M&S
triangulationresearch A term pseuddriangulationwas definedas a type of triangulation conducted by
the same individual whoonducts the original researcfriangulation can be evaluated by its permitted
variability and achieved convergence. Convergence as it pertains to a concept (theory) depends on
process of creating compared itewlsich delineats permitted variability in M&S triangulatioaffecting
overall gain of credibilityThe question is©iow differentM&S methods can be used during triangulation
and pseuddriangulation studies to further inase credibility of M&S research.

2.3  Commensurability

Kuhn stated “...that men who hold incommensurable viewpoints be thought of as members of different
language communities and that their communication problems be analyzed as problems of translation” (p.
175). The measure of commensurability is in large part still a philosophical concept that is difficult to
assess or even describe, but it can offer an additional interesting perspective enetholti M&S
approach, hece the authorattempt to define it for the purpose of this work.

One can compare things or phenomena to search for similarity, differences, and a mix of both. The
value of similarity and difference often depend on the context. If something is simalaiven context,
it is often not different and vice versa, although crisp boundaries are not always easily distinguishable and
this situation is called fuzzy. Commensurability reflects ability to compare at language level. The context
of comparison can hie language itself, which could provide value if more precisely stated in relation to
the purpose of comparison. For instance, if comparing languages pertains to the purpose of comparing
theories (models) arising from the language, commensurability can be analyzed in the context of
closeness between theories in relation to the languages that were used to describe them. If comparing
languages pertains to the purpose of expanding theory that have better potential for closeness of theory
(model) to system ophenomena, then commensurability can be better analyzed in the context of
language uniquenesEhe first purpose aligns with triangulation, while the second with complementarity.
The purpose of complementarity of methods is used for expansion, Wwinkengulation produces the
same results, one can say that confirmation produced view of phenomena that is more(Badlida
2015) In the situation when different methods continuously produce the same or very similar results
based on the same situation, it may be claimed to some degree that the measures arisirfgrgntn dif
methods are suitable to triangulate given situgii@mrayeb, Damodaran, and Vohra 201Yis way one
could approach confirmation of correctness of triangulation of a given method/measure. On the other
hand, if atriangulation study produces some differences, the expanded view based on differences in
results necessitates further investigation. Because the differences in methods could cause different results,
the comparison of methods would be a part of explaining the differences in produced theories.

Uniqueness of methods dominates region of commensurability that is characterized by
complementarityexpansion)while convergence dheories dominates region of commensurability that
is characterized by triangulation. Ability to point to methodsiqueness and theoponvergences a
convention for differentiation between meaning of commensurability in relation to the context of its
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purpose i.e., ability to compare at the language level. Finding uniqueness in the context of lack of
similarity can be misleading and vice versa. Lack of similarity does not guarantee uniqueness, and lack of
uniqueness does not guarantee similarity. The riistdbetween these extreme poles is what makes the
gray area so large.

The difference between commensurability of models (e.g. a theory) and commensurability of methods
will be explained first. As a convention, these terms are given here opposing meaning because of their
different purposes. Commensurability of models pertains to commonality of language that permits or does
not permi one to compare models (theories). Kuhn (1982) described incommensurabilitthegorigase
‘no common languageas “...theories are incommensurable is then the claim that there is no language,
neutral or otherwise, into which both theories, conceived as sets of sentences, can be translated without
residue or loss.” (p. 67@ecause a method is a form of a languabElk( et al. 2013) the phrase ‘no
common language’ can be stated as ‘no common method’. The commensurability as stated originally by
Kuhn (2012)means that different methods can produce sentences that are incommensurable because of
translation problm (leading to misinterpretation). From this perspective, methods that are more similar
could produce sentences, in relation to a theory, that are more similar and incommensurability of two
models representing the same theory should be less probablelgivémese theories are meant to be the
same (converge). A notion of commensurability of methods is proposed at one level higher over the
commensurability of a model. If the previous logic is applied, onetraanslatecommensurability of
methodsinto a ‘common language of method’. If one considers choosing method(s) from a set of
methods, determination of their commensurability could pertain to their characteristics and ability to find
common language that consists of sentences that would allow finding their required unique
characteristics. If the goal of comparison of methods is to choose a method or a set of ipetioiiks,
falsifiers that compare methodsharacteristics should focus on their uniqueness in the context of study
purpose. From this poimtf view if methods have unique characteristics they would be more comparable
hence more commensurable. The difference between commensurability of models and commensurability
of methods relates to the purpose of convergence (triangulation) versus thee pofrpagpansion
(complementarity). Using this perspective, when methods possess their necessary unique characteristics
this will be considered as methods that are more commensurable, but may not necessarily imply less
commensurable models of the same thehen methods are more alike for a given purpose implies
better chance for commensurable models of the same theory, but does not focus on unique characteristics
of methods. This leads to a definition of commensurability of methods and models.

Definition 5 Commensurability of methods and models are characteristics that determine existence of
potential falsifiers allowing for either complementarity of methods, triangulation, or both.

The relationship between GOF fomethods M1 and M2 and commensurability are proposed in
Figure 1 The shapesf the graphareassumed for illustration to display decreasel increasef GOF
along the commensurability axisr models and methods, respectively. The problem surfaces with t
practical aspects of measuring GO&hd commensurability of models and methods, which may be
subjective because they depend on develppéehtialfalsifiers and their evaluation.

Commensurability of methods as an ability to compare can be estirbased on unique
characteristicoof methods more preciselfthe degree of difference between alignments to a potential
falsifier for compared methodsit can becalculated as an abstdudifference between potential falsifier
scores of two methods. The larger difference between the methods characteristictheyeanamore
distinguishable, hence mocemmensurable methods. Similarly, if methodsracge similar for a given
criterion they are more difficult to distinguish, hence lowering commensurability of methods score
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Gain of fasifiability (methods M1 and M 2)
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Figure 1: Conceptualization of relationship betwegain of falsifiability and commensurability (models
and methods)

3 MULTI-METHOD M&SPRINCIPLES

This sectionproposes theoretical guidelines foistifying the use of a multi-method M&S approach.
Introduced earlieramplementarity, falsifiability, commensurability, and triangulationkariéding blocks
of these principles.

Definition 6 Complementarity of methods score (CoMS) is a gain offasifiability score
calculated as a difference in stdisifiability scores between more adequate and less adequate methods
for a given potentidalsifier or a set opotentialfalsifiers.

A scale for CoMS is shown iffable 2. Its purpose is to give a simple qualitative degree of
justification to different configurations (methods considered) allowing for evaluation of methodological
quality of M&S research.

Table 2:Scale for CoMS

Degree of CoMS Value Description
justification
None CoMS =0 There is nayain of subfalsifiability whenconsidered
methods are used together
Minimal 0 <CoMS £0.25 A gain of subfalsifiability is minimalwhen
considerednethods are useédgether
Moderate 0.25<CoMS <0.5 | A gain of subfalsifiability is moderatavhen
considerednethods are usadgether
Significant 0.5 <CoM& 0.75 A gain of subfalsifiability is significantwhen
considerednethods are useédgether
Critical 0.75<CoMS <1 A gain of subfalsifiability is critical whenconsidered
methods are used together

Other views for CoMS scale e.g. fuzzy numbers scale could also be considered in the future research.
Clearly, in order to use the principles, it is necessary to develop a technique(s) that implements estimation
of CoMS.
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3.1  Justification Principle 1

If a higher degree of sutalsifiability is desirable, and if for considered falsifiers multiple methods used
together facilitate CoMS above zero, a maigthod M&S approach is justifiable.

InterpretingPopper (2002)preference should be given to those theories which can be most severely
tested, which in M&S context is related to higheriversality and precision of models, which are
prerequisite of testing these theorids. other words, f multiple methods have desirable unique
characteristicdn the study contexthey canbe usedwhich in turn should improve the developed
simulation modehlnd study outcomé-or instance, if CoMS is evaluated to critical it means that original
method(s) was/were insufficient for the potential falsifiers considered. The added method has then a
critical effect to enhance the approach toward a desiradét of falsifiability (subfalsifiability).

3.2 Judtification Principle 2

If a higher degree of sulasifiability is desirable, an approach with higher CoMS for considered
potentialfalsifiers is more justifiable.

Ranking of methods against potential falsifiers shéegd to an insight about which set of methods is
more appropriatg-or instance, for a given set dffferent configurations in relation to different methods
considered, a cdigurationwith a higher CoMS is more justifiable.

3.3  Judtification Principle 3

If, for consideredpotentialfalsifiers CoMS equals zero, a multi-method M&S approach is not justifiable
for expansion.

If CoMS is estimated as none, there is no justification to utilize multiple methods based on gain of
subfalsifiability. A pseudariangulation of a conceptising multiple methodgassuminghigh sub-
falsifiability scores) is possibl@.his would mean that,ifor given potentialfalsifiers, subfalsifiability of
each method used in total separation is the same then both methods have equivalent characteristics for a
given purpose. Pseudodangulation between views created with method(s) at the same level of
falsifiability for a given purposenay be conducted in cases where methods are the same and are adequate
for the purpoself the purpose of triangulation is to examine replicability of a concept, M&S methods or
their combination useds separate instanceshould be able to realize the saowncepts and possibly
similar results for comparisdout through the lenses of differéi&S methods. Because the differences
in methods could cause different results, the comparisdf&d methods would be a part of explaining
the differences in producebeories.It should be pointed out thatsingle modeler could to some degree
benefit from pseudtriangulation, but engaging different modelers would facilitate more objective
triangulation.

34  Judtification Principle 4

If, for consideredpotential falsifiers, neither of the classes pbtential falsifiers of hypothetically
combined methods could include the other(s) as a partial subclass, the methods have non-comparable
potentialfalsifiersand complementarity and triangulation are not justifiable

In this case, methods cannot be used for comparison or expansion because they do not have relevant
mental, numerical, or language domains of consideration.

4 DISCUSSION

The aspect of observati@s conveyed by Popper (2002)the context othe choiceof M&S methodsis

more problematic The purpose of knowing which method or combination of methods to use in
addressig a research question would require testngpirically (developing simulation modelg)l
possible configurations within the reseaodmtext. The metanalysis is clearly necessary in the context
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of M&S method selection for a multi-method M&S approachether considered as scientific,
philosophical, or somewhere in betweerg, as proposed by Mingers (2000y removing constraints
related to established “paradigms” by separation of research methods from paradigms. Thisaequires
higherievel analysis as compared to a level at which theories are described, for instance those theories
that could be developed using M&S methotise concept of commensurability of methods introduced
earlier in this paper provided some insight into this concern. Popper @®®&}jed that the one method
of rational discussion is “that of stating one’s problem clearly and of examining its various proposed
solutions criically” (p. xix). The analysis of M&S methods should follow this advice to avad/e
falsification, e.g, in relation to method selection by examining several potdatsilfiers.

Current research guidelines farmulti-method M&S approach are often methodr domain (or
both) specific (Chahal 2010, Glazner 2009, Swinerd and McNaught 2012, BorshchevT204 jew
can cause constrained, domaased conceptualizations, and assumptgpecific to a given set of
methods The guidelineshouldfacilitate enhanced conceptualization by providing option for employing
multi-method M&S approach, and consequently arratainore desirable falsifidlty level. This can be
viewed asseemingly opposing goals: devising a robust, systemic approach, and better flexibility and
creativity of modeling process. Both opposing aspects can be important avithitii-method study at
different stages, facilitating better chances of insight into research questions and solution(s) to problem(s).
In order to increase research objectivity and transparency transitions towtrddformatsintroduced
by Balaban, Hester, and Diallo (2014lmhust seek justification as directed by proposed eagtiaciples.
Potential &lsifierscould highlight unique aspects of methods, explaining specific merits of methiod
M&S approach and possible configuratio@surently, criteria for method(s) selectiare often used as a
way to support the use of multiple methods (Axelrod 2004, Behdani 2012, Chahal 2010, Finnigan 2005,
Helal 2008, Lane 2000, Lorenz and Jost 2006, Schieritz and Milling 2063he other hand, it could be
argued thapotentialfalsifiers couldoffer a more precise and tailored perspective to study point of view.

Because it woulchot be appropriatéo use a singlepotential falsifier, even for the same set of
methods considered differeset of consideregbotentialfalsifiers couldyield different CoMS results.
This leads to a few necessary observations. The depiseshtial falsifiers couldinfluence research
objectivity and communicate its subjectivity. It is prohibiteved unjustifiedo use a set of methods based
on a singlepotentialfalsifier. It is possible that a set of methodsused bothfor complementarity and
triangulation reasons givehatdifferentpotentialfalsifiers are considered. In cases wh#re decision to
chooseM&S methods during research desigrblarred due to limitedbr subjectiveknowledge about
systems and phenomemame approximated scoringould be required and can be enhanced by
triangulation ofa competing configuration.

Triangulation and pseudo-triangulation coaldo be usdul to confirm andevaluatecorrectness of
estimated CoMSThe triangulation of internal methodological decisions relatexvatuation ofdifferent
M&S methodsconsideredshould be interpreted quite the opposisecompared texamining replicability
of a concept The different results between options should aid to choose a more suitable approach.
Triangulation in this case when producing the same results can be seen as inconclusive because not any
particular choice exhibits enit. On the other handlifferent results point to a mer suitable option
inducing credibility.It can be noticed that this triangulation focuses on identification of underlying merits
of different methods, which could be used for evaluation of estimated CoMS. Triangulation can be also
influenced when methodseapreselected (Balaban 2015). This means that the methods majyidiallgrti
imposed by the modelers or stakeholders, influencing the rest of the process. Method(s) could be
preselected in order to lower variability of results by considering the same method(s) as the original M&S
study. From the perspective of commensuitgbbf simulation models, the use of different M&S
methods can lead to more incommensurable simulation models. On the other hand, the question is if
preselecting methods is a justifiable practice when considering how this can limit possible variability
leading to less credible triangulation.
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CONCLUSIONS

This paper proposed fouheoretical principles for justification ofthe use ofmulti-method M&S
approach.The principles were derived base oithaory of falsification and serve asmechanism for
reasoing aboutM&S methodschoices in the context oflesirable level ofalsifiability. In this context,
CoMS was proposed as a measure used to justify the use of mMdi&iSlenethods potentially allowing

to improve ability to evaluate methodological quality of M&S reseafehure work will examine
proposed in this worprinciples using criterifor methods selectionag proxies fopotential falsifier,
also discussg usefulness othe criteria. Next, it is necessary to develop a technique(s) that essmat
CoMS. The ultimate goal ia generatesearchguideline for conceptualization usingraulti-method M&S
approach
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