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Abstract

Much attention is focused on the rational and amyistyle of developing and applying System Dy-
namics models. Even group model building focusasanily on the formulation and understanding of

the model by the group members themselves. Themadearth of attention for communication of the
insights derived during the model building processhose peripherally or (un)involved in this proc-

ess. In this study, the multi-actor context of elddplementation is addressed explicitly. The feed

back loop connecting model-derived insights andltedack to the problem owners, the client and
stakeholders, is explored. A number of princift@suse in the communication of models are derived
and the réle of interactive learning environmergsdool in communicating model insights in such a
multi-actor context is discussed.
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1. Introduction

Over the past fifty years, the System Dynamics camty has devoted attention to the modeling of
complex and unstructured problems in which the gares of non-linear feedback can lead to unfore-
seen and undesirable consequences. Much of this lvasr its origins in rational style policy making
and client advisory studies (Mayeiral. 2004, Walker 2009). This presupposes the comnatiait of
model insights to a responsible authority or cliemo then acts to implement results and achieve
change (Roberts 2007 pg 134). However, many pmolsiéuations may be characterized as having
multiple stakeholders or actors. In a multiple stadder context, people hold different views, are i
volved in different ways, have different degrees&mdwledge of a system or problem and different ar-
eas of responsibility and authority in relationthe problem (Kickeret al. 1997). In particular, the
perceptions and values of these stakeholders cdrenoonsidered to be represented fully by the re-
sponsible authority or client (Dunn 1981, pg 97).

System Dynamics has paid limited attention to tile of these actors in the course of the modeling
process and in the acceptance of model-based tasagi solutions. Indeed, the fact that the retatio
specified in a model are the encapsulation of dwdsed perceptions was only addressed when group
model building gained momentum (Richardsbral. 2004, Vennix 1996, Stave 2002). Even in the
area of group model building, though, the focustis on achieving a consensus view of the system
under study as represented in the model formulated(sometimes) quantified by the group. Valu-



able insights have been gained on synthesizinggt views into a common model. Indeed, in vali-
dating the model, explicit attention is paid toagdishing whether the model is fit for its statad-p
pose by consulting experts and the group themsah@asever, the fundamental issue of communicat-
ing model-based insights and so establishing hpresentative the model is of the problem situation
from the perspective of multiple stakeholders the. contextualized validity of the model, is stitht
addressed. The author holds that it is precigeywicked” nature of the problem situation (Rit&el
Webber 1973, Fitspatrick 2003) that makes quaiv@anodeling a valuable and potentially effective
tool, provided that it is communicated well and @utention is paid to those stakeholders who do not
necessarily understand the model, nor appreciatpdtential utility. This paper addresses model
communication in such a multi-actor context.

In the past, model communication has relied pritpan the inherent authority of the modeler, ttsat i
on their ability to convince others of the valued aralidity of model-based insights and solutions.
This is exemplified in Jay W Forrester and manyhef System Dynamics pioneers. In turn, the work
of Dana Meadows and John Sterman amongst othetstdgad significantly to making SD modeling
more readily accessible and understandable withegating the inherent complexity of the issues ad-
dressed (Meadows 1991, 2000, Sterman 2000, 200&)y Mdvances have since been made in ex-
plaining modeling and the modelling processes twask children (Fischer 2005). SD researchers
have explored the understanding of model parti¢gpahstocks and flows and have analyzed the dif-
ferences in performance of groups with and with®Dt training (Sweeney & Sterman 2007). These
analyses vyield valuable insights regarding theidiffy of communicating an understanding of SD
concepts, but do not address the acceptance ofatltity of model results and insights by multiple
stakeholders in a problem situation. This wideriaoand policy problem forms the context for this
paper. | do not claim to address the situatiofyfldut aim to indicate how a model as artifacs fit
within a problem-based, multiple stakeholder contend indicate how an interactive learning inter-
face (ILE) can reveal multiple perspectives andisan addressing the related communication issues.

First, the modeling cycle and the choices assatiaith moving from a wicked problem to a quanti-
fied and tested simulation model will be descriljgettion 2). The absence of stakeholders from this
process will be highlighted. Next, the requiremenigosed on the modeling process and communica-
tion of model-based insights by explicit considiematof the interaction with actors will be explathe
(section 3). This will subsequently be illustratesing an example of a number of interactive lesgni
interfaces designed for communicating one model $ogle committee but from the point of view of
different delegates (section 4). Finally, learngaints relating to the communication of model iy

in a multi-actor context will be distilled (secti&).

2. The modeling process

Following operational research practice, the madefprocess can be conceptualized as an iterative
process or cycle consisting in six steps. Thesdler problem description, conceptualization, $peci
cation, verification and validation, model use atmtumentation (van Daalen et al. 2006). At each
step, choices are made in the items selected ¢tusion/exclusion, the precise description of the i
sues under consideration, the particular perspettiken on issues and the information used. These
choices are not viewed simplistically by the Sysf@ymamics community. Since models are simpli-
fied versions of reality, the subjective judgemeantade in developing a model need to be considered
carefully. Indeed, the model conceptualization gfeperally receives extensive attention and explana
tion in standard System Dynamics textbooks and firggipapers as does the specification stage (For-
rester 1960, 1961, 1969). SD modellers are engedréo describe and document any assumptions
made about processes and to test the implicatiotiese assumptions explicitly both prior to, ayd b
simulation of the model (Sterman 2000, 2002). i tBrification and validation phase of the model-
ing cycle, attention is also paid to testing of mlooutputs against expert knowledge and establishin
whether the model is fit for its stated purposeisTatcords well with the understanding of validatio



that Hodges (1991) exhibits in his discussion anubes to which even a “bad” model can be put. By
viewing the model as the focal object or artifaice@onvergent then divergent analytical process un
dertaken during the modeling cycle (Figure 1), &diret al. (2008) extend the view of validation to
include reflection on the initial problem formulati from modeler, client and external perspectives.
However, despite the attention for model validitythie literature and advances therein, the fundamen
tal issue of how representative the model is ofptablem situation from the perspective of multiple
stakeholders i.e. the contextualized validity @& thodel remains largely unaddressed.
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Fig. 1. The model as the focal point embedded in a conwérged then divergent analytical
process allied to the modeling cycle (on the riggntd side). Following Slinger et al. (2008), in
drawing conclusions on the validity of the modetlais use, the modeller needs to reflect on
the choices made in moving from the problem forrioitethrough the conceptual system de-
scription to the model itself. Similarly, in praling answers to the clients’ problems modellers
need to reflect on the initial assumptions made dtows on the left hand side represent these
reflective activities on the part of the modeller.

3. Taking multiple stakeholders into account

It is naive to suppose that a model could represkrthe views of stakeholders when we are dealing
with a “wicked” problem. Some of their views mayee be contradictory. As mentioned previously,
group model building developed as a methodologyfdomulating shared models in a group setting.
These models are generally consensus-based. Btgpmodeling, on the other hand, came into be-
ing in response to the strong differences of opirrpressed regarding system behaviour by different
stakeholders. It has developed further as a teaknigsigned to take differences into account and to
address uncertainty in model outcomes (Bankes 19B8wever, | will not discuss the potential role
of these and other techniques addressing diffeienipoints of actorsctively involved in the model-

ing process. Instead, | will focus on the situatid stakeholders in the problem context i.e. ittera
who may experience the consequences of the desit@an.



These stakeholders are not involved in the conediptdion, specification, verification and validati

and model use steps of the modeling cycle, but tiay interact with the model building process
through the problem definition and documentati@pst Many a modeler, client or policy maker has
discovered to their cost that they did not incladeroad enough problem description, chose too nar-
row a system boundary, too specific project obyestior neglected important effects, when they re-
ceive feedback from other stakeholders. Open camgation on these issues at an earlier stage can
prevent costly misunderstandings and enhance flea®f of the modeling effort. Additionally, the
options preferred by clients or policy makers méfed from those preferred by other stakeholders
because of a difference in value systems. Agatgritbe advantageous in terms of the communication
of model-based insights to have an indication ivaade of their potential acceptability.

The awareness that value differences and diffeseimcepinions regarding the scope of the problem
and the model purpose are the points of interacifdhose actively and those peripherally involied
the modeling process enables the design of antigietevo-way communication effort. This does not
mean that communication on the modeling proces# itan be ignored. Instead, building trust in the
quality of the modeling process forms an esseet@hent in the information exchange during these
interactions.

4. Interactive Learning Environments

The issues involved in effective communication afd@l insights within a multi-actor context will be
examined by analyzing the choices made by studsnizelft University of Technology in designing
and presenting a System Dynamics model and inteedearning environment to the Parliamentary-
Commission on Sustainability of a fictitious coyn@orsa. The students were participating in an ad-
vanced system dynamics course and were familidr tvé principles of ILE design of Alessi (2000).

4.1 The problem context

Corsa is a densely populated country of 365 knextent. It suffers from a shortage of wated #ris

is exacerbated by a rapidly growing population liogp900,000 inhabitants in 1998. Groundwater
forms the major water resource, but this is contameid by nitrate seeping from cesspits into the
groundwater. This forms a problem for the fututegew groundwater levels are expected to decrease
and nitrate concentrations to increase. An additipnoblem lies in the scarcity of land. Housimgia
business interests compete with agriculture forube of this limited resource. While the efficignc
and water-saving measures of the agricultural sdwge increased over time, there is less and less
land available and this forms a threat to food sgcu

The newly appointed Minister of Water Affairs iskad with chairing a Parliamentary Commission
on the Sustainability of Corsa. In addition to eoygles from the Ministry of Water Affairs, this com-
mission comprises delegates from various ministm@snely the Ministry of Economic Affairs, the
Ministry of Agriculture and the Ministry of Publidealth and Housing as well as representatives from
the group “Citizens for Sustainablity”. The comsi@ members are requested to prepare and present
their ministry’s standpoint regarding the findinfgem a model of the water resources problems of
Corsa, prepared by a consultant for the previousidiéir of Water Affairs at the turn of the century.
This System Dynamics model is validated using diatn 1975 onwards and has been well docu-
mented.

In summary, the problem context clearly incorpmataultiple stakeholders and there is an existing
model that is well documented but with which theg ot all familiar.



4.2 Designing the interactive learning environments

All delegates expressed themselves satisfied Wetdbcumentation that they received on the existing
model. Indeed, the interactive learning environntegigned by the Ministry of Water Affairs, stayed
within the bounds of the existing model and con@eat on allowing the user to understand the com-
plex interactions leading to depletion and pollatiof the groundwater resource (Blom & Oudijn
2008). In their presentation to the committee, ditegates revealed that they understood that the
model was strongly representative of the watergemtive and that other views were possible, but
made only limited attempts to accommodate these.

The interactive learning environment of the deleggtom the Ministry of Agriculture concentrated
on demonstrating the constraining influence oflitnéed land area and that this would influencedoo
security in the long term (Meyers & Diaz 2006). eytmade structural adaptations to the base model
to indicate the influence of current policies retjag the allocation of land between business, mausi
and agriculture and made a clear case that thelrdimbieot fully accommodate their interests.

The Ministry of Public Health and Housing consitle core of the problem to lie in the nitrate pollu
tion of the groundwater and the scarcity of twootgses, namely water and land. The interactive
learning environment focused on testing three tygmlicies, namely those related to water, popula
tion and nitrate (van Andel & van Hovell tot Wedlier 2006). They potential efficacy of solutioiss
highlighted and the inadequacy of the existing rhad@ccommodating all of these changes is dem-
onstrated. Structural changes to the model argestigd and made.

The interactive learning environment of the Minystf Economic Affairs tried to present a balanced
approach. They took three perspectives into adcouthe design of their interface, namely the eco-
nomic, social and environmental aspects of sudtditya(Villegas & Vaezpour 2006). They explained
the interconnectedness of the feedback relatiotedrsystem and the strong external constraints to
sustainability. In so doing they broadened theblenm description from that used originally by the
Ministry of Water Affairs to include issues of reéce to the present purpose.

The Citizens for Sustainability exhibited a narrémus on water shortage and pollution issues and
appeared to have been led by the provision of Higtierg model in the design of their interface
(Goudsmit & Tiemensma 2008). However, in the pnestéon to the committee and the discussions,
they exhibited deep concern about other aspecssigifinability and indicated that the interests and
expertise of their members was widely divergent.

4.3 Distilling lessons on multiple perspectives

Each of the delegates in the above example prodédeni®m undisputed common ground in the form of
an existing model and sound documentation. Theemo distrust of the validation procedure of the
existing model. Instead the differences in opimelated to the scope of the existing model andtiou
as to whether this covered the issues currenthgiudidcussion. Analysis of the interactive useri-en
ronments reveals that two of the five delegati@ngdly confined their interfaces to learning frdme t
effects of different policy options on the existimpdel. Three of the delegations used their iater$

to illustrate the aspects that were omitted or eomctely addressed in the existing model and te gen
erate learning and discussion of these issues. derwonstrates that provision of a well documented
model fit for its original purpose can act to sirdiae comments and focus the discussion on relevant
points of difference.

The study provided clear evidence of divergenctheperspectives of multiple stakeholders on the
contextual validity of a model.



The Ministry of Ec ic Affairs developed a thorough analysis of the envir tal, financial and demographic conditions of the
situation in Corsa. According to these conditions, the Ministry strongly recommends that the constraints and limitations found in the
economic framework be taken into account in the process of policy measure selection. All this effort aims for a balanced solution.
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Fig. 2 The problem description or policy analysis pafi¢he interactive learning environment
prepared by the Ministry of Economic Affairs (Vilas & Vaezpour 2006). This diagram is a clear
indication that this stakeholder does not consilerexisting problem definition to cover important
limiting conditions

5. Principles in communicating model insights

The following communication principles could betdlied from the literature on models and decision-
making or policy processes (particularly, Caywasdal. 1971, Greenbergest al. 1976, Miser &
Quade 1988, Stave 2002) and were confirmed irsthidy.

5.1 Justifying the model

1. Explain why a modeling approach, why quantificatéomd so why simulation modeling

2. Explain why System Dynamics in particular

3. Show major elements within system i.e. explain sytems and how they link to one another
(feedback)

4. Name the performance criteria and say why theselected

5. Give an indication of potential policy options amolw they would exert influence on the sys-
tem

6. Explicitly address the environmental uncertaintyp&treated using exogenous scenario vari-
ables



5.2 Developing trust the model

1. Explain the verification and validation processHyi
2. Describe the model results

5.3 Using the model

1. Explain new insights. If possible, lead peopléigcover these for themselves.
2. Demonstrate the efficacy of suggested policy optiasing the model
3. Compare the effects of different policy options

Those with experience in the use of models in d@tisiaking contexts will recognize that this list i
far from complete. Indeed, consideration of the et@d an artifact in a design process allows me to
explicitly address the multiple stakeholder contaxtl draw further conclusions on the communication
of model insights.

5.4 Embedding the model artifact in the multi-actor context

1. Embed the model results in a wider contextual aislgf the problem

2. Pay specific attention to the differences in pectipes of the multiple actors

3. Do not lean to consensus, instead try and caphaaliversity of viewpoints and allow par-
ticipants to find and define common ground themslif they wish to do so)

4. Document assumptions made in coming to the model

Ask explicit questions of the stakeholders so asladfy their opinions and values. These could in
clude: Do you recognize this definition of the desh? Do you agree with the description of con-
straints and limitations of the study? Do you agséth representation of your interests in the nhode
ling process? What level of involvement would yodge optimal?

For those doubting the wisdom of the open natuthese questions, experience in engaging with the
public in model-based communication should form s@ncouragement (Slinger et al. 2005, Slinger
et al. 2008).
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