
1 Introduction
The built environment is a major contributor to environmental problems because of the
use of raw materials, nonrenewable resources and land, and the production of pollu-
tion and waste. It follows that the built environment offers many opportunities to
contribute to sustainable development. In fact, the city is often the focus of sustainable
development efforts. Cities are major consumers of natural resources, including land,
and they are responsible for substantial amounts of pollution and waste (Nijkamp and
Pepping, 1998). But cities are also places where people live and work and where the
natural and social systems meet and interact. Urban (re)development projects offer
opportunities to improve the performance of cities both in environmental and in socio-
economic respects: the challenge is to improve cities' environmental performance
while raising their spatial and socioeconomic qualities. In this way, cities can become
sustainable human settlements.

Although there are many opportunities to promote sustainability in urban develop-
mentöthink of the dozens of (re)development projects being carried out in any city and
the sustainability gains that can be made through these projectsöit is no simple matter to
translate these opportunities into sustainable benefits. When it comes to the realization
and implementation of sustainability in urban development, stakeholders often seem
incapable of concerted action and the results are often meager (Van Bueren and Priemus,
2002). Important questions are why is this the case, and what can be done about it.

How can decisionmaking in sustainable urban development projects be supported
effectively? This is the central question of this paper, in which we explore sustainable
urban renewal projects by looking into an approach that addresses the complexity of
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decisionmaking from a multistakeholder or process viewpoint and from an analytical or
substantive point of view.

The choice to focus on urban renewal has practical reasons. First, in the existing city,
substantial sustainability gains can be made both in environmental and in socioeconomic
respects. Throughout most of Europe, for example, the residential neighborhoods that
were built in the early decades after World War 2 are of poor quality, affected by a
combination of physical and socioeconomic problems (European Commission, 1996).
About 85% of the present housing stock in the European Union will still exist in 2020,
but a large proportion is already in dire need of renewal (Smits and Havinga, 2002). Since
about the early 1990s public and private actors in the various policy arenas at the
European, national, and local levels have recognized the importance and urgency of
sustainable urban (re)development. The second reason for the focus on urban renewal is
the strong demand for decision support for sustainable urban development projects
amongst local authorities and housing associations throughout Europe. Moreover, these
actors are willing to cooperate in the development and testing of an approach that could
help them.

The lessons for a sustainable built environment are clear. What is needed is a high
level of integration of disciplinary insights and stakeholders' perspectives, taking into
account the various time and space dimensions of an urban development process (Conte
and Monno, 2001). Collaborative or participatory approaches to planning and decision-
making can deal with stakeholders' different, and perhaps competing, perceptions and are
therefore often used to ensure that all perceptions are represented in decisionmaking.
Substantive modeling often focuses on integrating knowledge from different sources and
making it available to decisionmakers through decision-support systems (DSS). In the
project Sustainable Decision Making (known by its Dutch acronymDUBES), a collab-
orative approach for sustainable urban renewal projects was developed, based on a
decision-support tool and a simulation game.

In this paper we discuss the contribution of this collaborative decisionmaking
approach for sustainable urban renewal projects. The approach relies on two assump-
tions. First, the initial and programming phases of sustainable urban renewal projects are
particularly significant for realizing sustainability. Second, an integrated and collaborative
approach is needed for making sustainable decisions in urban renewal projects.

The rest of this paper is organized as follows. In section 2 we argue that developing a
sustainable urban design is difficult mainly thanks to system complexity and political
complexity, and a combined application of simulation gaming, as a form of collaborative
decisionmaking, and a DSS, as a form of substantive modeling, offers a promising way to
address both complexities in making decisions. In section 3 we present the decision-
support tool MEDIA, and in section 4 present the DUBES simulation game. The
MEDIA^DUBES combination enables participants to explore the complexity of a real
or fictitious sustainable urban renewal project while negotiating with other stakeholders.
In section 5 we report on seven DUBES simulation sessions using the MEDIA tool, held
with professionals and students between 2001 and 2003. In sections 6 and 7 we compile
findings and conclusions regarding sustainable urban development and the use of the
collaborative decisionmaking approach, including areas for improvement in combining
decision support with collaborative decisionmaking.

2 Supporting sustainable decisionmaking in urban renewal projects
Urban renewal initiatives are beset by complexity: the existing urban plan, buildings and
constructions, green structures, infrastructures, and residents pose conditions for
and constraints on renewal. This complexity has several dimensions: there is the
complexity of the urban system; the technological complexity of potential solutions;
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and the political complexity stemming from the many actors involved. In sustainable
urban renewal the entire lifecycle of a construction project should be taken into
consideration. Design, construction, management, maintenance, the demolition of
houses and flats, and the recycling of materials are all important phases in the
sustainable design of a neighborhood or residential unit (Hendriks, 2001). As well as
this time dimension, the spatial dimension is also important. The urban environment
consists of various spatial levels, such as the neighborhood, the building block, and the
residential unit, each of which can make a contribution to sustainability (Duijvestein,
1990). Integration and optimization of an urban renewal plan in terms of the time and
space dimensions are preconditions for a sustainable design. Technology (for example, the
use of innovations in energy, water, and waste systems) is another important factor in
sustainable urban development (Weaver et al, 2000). This implies that in sustainable urban
(re)development, experts from various disciplines must be able to communicate and share
knowledge effectively. Last, but not least, a sustainable design should take into account
the people who plan, construct, finance, operate, and (will) live in the neighborhood:
in other words, the stakeholders who are likely to have specific strategic (for example,
social, political, or economic) interests (Tjallingii, 1996).

In general, two types of complexity can be distinguished in complex decisionmaking:
system complexity and political complexity. As applied to urban renewal, `system com-
plexity' refers to the many interdependent physical and social variables in the urban
systemösuch as the number of houses and roads and the behavior of the residents in
their homes and neighborhoods. Large building projects typically require hundreds of
major design decisions and many thousands of detailed choices to be made. These
decisions are often interdependent, with each affecting the values of multiple variables
relevant to sustainable development. An increase in housing differentiation, for example,
may affect not only the social structure of the neighborhood but also the mobility behavior
of the residents, energy consumption, and the quantity of household waste produced. As a
result, the full effects of options and decisions are difficult to assess.

Urban renewal processes are politically complex because they typically involve an
intricate network of stakeholders striving to achieve their ambitions and protect their
interests (Marin and Mayntz, 1991; Marsh, 1998). Renewal projects involve numerous
parties, with diverse interests and various forms of expertise. For example, at the design
stage, such a project will involve municipal services for building, housing, traffic and the
environment, housing associations, project developers, residents, intermediary organiza-
tions, utility companies, water boards, construction companies, architects, and town
planners (Van der Waals, 2001). The process of planning how a neighborhood should be
redesigned and drawing up a program of requirements takes place in a highly political
environment. The dynamics of political events, such as disputes within a council or board,
the resignation of an executive member of the local council, or elections, often cause
renewal projects to progress in fits and starts. Moreover, issues that seem to be resolved at
any one given moment may suddenly resurface for reexamination at a later stage.

If stakeholders are to realize a sustainable renewal project, the trick is to bring
together the rationality of the design process (that is, the making of design choices for
the reorganization of the urban system) with the political rationality (that is, the acquisi-
tion of sufficient political and public support and resources). Sustainable urban renewal
should therefore be seen as a learning process in which various actors must engage
(Van Bueren, 2001). In our view, the various stakeholders should explore the opportunities
for sustainable urban renewal in a collaborative design or decisionmaking process. This, of
course, is easier said than done.

System complexity, particularly the sustainability of technological and design
options, can be addressed by the use of substantive modeling and DSS (Hendriks, 2001).
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Already, a range of DSS such as EcoSim (Fatta et al, 2002), UrbanSim (Waddell et al,
2003), and Sprawl Decisions (O'Looney, 2001) are being used to support urban planning.
Other systems, such as EcoQuantum and GreenCalc, that are based on lifecycle analysis
(LCA), are being used to support sustainable building. By themselves, these tools and
systems do not accommodate the political dimensions of multiactor decisionmaking
processes.

Political complexity can be addressed by a participatory planning approach or
process management (De Bruijn and Ten Heuvelhof, 2000; De Bruijn et al, 2002;
Edelenbos, 1999). But without substantive knowledge, participatory decisionmaking is
void. Participatory planning processes, such as open forum discussions with residents,
easily degenerate into rather one-sided, superficial venting of wishes and viewpoints at a
time when plans have already reached an advanced stage (Mayer, 1997). This is one
reason why administrators tend to avoid the hassle of participatory decisionmaking
processes and why participation often seems an òbligatory ritual', and why residents are
often disappointed because their ideas and demands do not materialize in final designs.
There is also the risk that innovative solutions will dissolve or be compromised in the
participatory process, and that experts will be disappointed by the quality and depth of
discussions with policymakers and residents.

In other words, sustainable urban renewal projects seem to need methodologies and
tools thatöapart from their evident suitability for addressing urban systemsöare able to
support the substantive (that is, content), as well as the political (that is, the context),
dimensions of decisionmaking. In our view, the required methods and approaches should
therefore have a number of characteristics (Geurts and Joldersma, 2001):
(a) Integrative: they should consider different aspects and levels of design and decision-
making in a holistic and systematic way.
(b) Dynamics: they should be able to show the `performance' of various alternatives in
relation to preferences and `behavior' of stakeholders.
(c) Interactive: they should be able to support the negotiation process between stake-
holders.
(d) Transparent: they should produce results that are clear and understandable to all
stakeholders (that is, they should not be a `black box').
(e) Flexible and Reusable: they should be usable for, or adaptable to, a range of (similar)
situations.
(f ) Fast and easy to use: the time required to apply them should be relatively short, and
nonexperts, for example, residents and politicians, should be able to use them.
(g) Communicative and educational: they should be able to convey meaning and insight
to stakeholders about problem structure, alternatives, and different perspectives.
(h) Authoritative: they should meet analytical standards (of, for example, validity) and
political standards (for example, safeguarding core values and timeliness) in order to
increase the likelihood that the outcomes are used.

During the past few years, considerable advances have been made in the fields
of (participative) integrated assessment, participatory policy analysis, and collaborative
decisionmaking/design (Alshuwaikhat and Nkwenti, 2002; Geurts and Joldersma, 2001;
Mayer, 1997; Rotmans et al, 2000; Schot, 2001; Van Asselt and Rijkens-Klomp, 2002).
Integrated assessment (IA), for instance, was initially concerned with interdisciplinary
computer modeling, such as system-dynamics modeling of complex environmental prob-
lemsöin particular, global climate change. More recently IA has become concerned with
the process dimensions of decisionmaking and the use of participatory methods, not only
for large-scale environmental problems but also for other socio ^ technological systems
such as cities (Ravetz, 2000; Rotmans et al, 2000). A paradigmatic shift toward interactive,
participatory, and collaborative methods is also manifest in policy analysis (Geurts and
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Joldersma, 2001; Mayer, 1997) and systems engineering (Mayer et al, 2004a). Much in line
with the arguments detailed above, these fields share a growing interest in methodologies
and tools that are able to integrate the substantive and the political dimensions of complex
multiactor decisionmaking by combining advanced modeling techniques and DSS with
collaborative procedures and process management; or by bringing substantive analyses
into participatory decisionmaking approaches (Mayer and De Jong, 2004; Mayer et al,
2004b).

Two methodological developments seem particularly promising for furthering collab-
orative decisionmaking in urban renewal projects. The first concerns interactive or
collaborative DSS. There is growing awareness that DSS would better fit the character-
istics of multiactor and complex decisionmaking if they were made, for instance, more
interactive and flexible. Over the years, the arrival of smaller and faster computer and
information and communication (IC) technology has opened new avenues for the use of
group or collaborative DSS and other information-technology-based systemsöfor exam-
ple, geographical information systems (GIS) and three-dimensional simulation toolsöto
support urban planning and design with stakeholders and residents (Alshuwaikhat and
Nkwenti, 2002; Ceccato and Snickars, 2000; Cecchini, 1999; Coors et al, 1999; Fatta
et al, 2002; Han and Peng, 2003; O'Connell and Keller, 2002; O'Looney, 2001). Future
challenges in this field relate to the development and testing of appropriate and innovative
computer systems, the training of and communication with potential users, but, foremost,
the development of collaborative ways of working with stakeholders in a multiactor
decisionmaking process (Mayer et al, 2004a).

The second promising methodological development is simulation gaming. The use of
simulation games and related techniques, such as policy exercises (Brewer, 1986; Toth,
1995a; 1995b), for urban planning is not a recent development. Since the 1950s simulation
games have been widely used in urban planning (Cecchini, 1999; Cecchini and Rizzi,
2001; Duke, 2000; Mayer et al, 2004a; Mayer and Veeneman, 2002; Taylor, 1971; Torres
and Macedo, 2000). As has been argued and demonstrated in other publications, simula-
tion games provide a safe environment, based on reality, in which participants can
experiment with decisions and negotiations (Mayer and Veeneman, 2002; see also
Duke, 1974; 1980; 1998; 2000; Geurts et al, 1998; Shubik, 1975a; 1975b). These experiences
provide a better understanding of how complex social ^ technological systems work and
how to make decisions related to them (Duke, 1998). In simulation games a relatively large
group of people (re)enacts a part of reality in order to understand and manage that part of
reality better. This (re)enactment is usually formatted and supported by professional game
designers and moderators. Games used to support decisions and policy are usually open
games, in many cases moderately supported by advanced computer technology (Duke,
1998; 2000; Underwood and Duke, 1987). In open games and policy exercises the partici-
pants are (or represent) the real stakeholders and face actual problems, and the outcome or
message of the game is not predefined but, rather, discovered during social interactions.
Games and exercises of this type can have three main functions (Mayer and Veeneman,
2002):
(a) Learning: the games are experiential environments in which participants can learn
(about) the system at hand.
(b) Research: the games are experimental environments through which researchers can
learn about the system from the interactions among the participants and from the
interaction between the participants and (computer) models.
(c) Intervention: the games provide an environment in which both researchers and
participants can draw conceptual and instrumental inferences for real decisionmaking
and policymaking.

Collaborative decisionmaking for sustainable urban renewal projects 407



In our view, collaborative decision-support systemsö(C)DSSöandgaming ^ simulation
techniques can be used in a combined and complementary manner (Bots et al, 1989;
Mayer and De Jong, 2004). (C)DSS can provide a number of tools to enrich sub-
stantive analyses within the context of a simulation game. Simulation games, on the
other hand, can create a dynamic, flexible, and political multiactor setting for explor-
ing, testing, and training in the use of (existing or new) (C)DSS. This can lead to
better (C)DSS tools and procedures that have been validated for use in complex
multiactor contexts. In the following sections we outline the MEDIA DSS and the
DUBES simulation game.

3 The modeling environment for design impact assessment (MEDIA)
MEDIA is based on Analysis of Interconnected Decision Areas (AIDA), which was
developed in the 1970s at the Tavistock Institute of Human Relations (Morgan, 1971).
A marked distinction, however, is that MEDIA does not aim to optimize decisions
but, rather, to structure and enrich collaboration and interaction. It therefore involves
significant adaptations and extensions of AIDA.

As with AIDA, design challenges in MEDIA are described as a set of decision areasö
each with two or more alternative decision options. MEDIA currently includes some 200
decision areas for urban renewal projects, which were identified and validated through case
studies and expert meetings. Furthermore, debriefings with participants in gaming sessions
have continuously been used to improve the set of decision areas.With certain limitations,
new decision areas and options can be inserted relatively easily while working with
MEDIA in collaborative sessions.

Figure 1 shows the windows for manipulating the decision areas, options, and effects.
Decision areas are grouped according to spatial level: region, city, quarter, block, build-
ing, and room. They are also grouped by decision-process stage (for example, design,
construction, maintenance, and demolition) and by theme (for example, water, energy,
mobility, and safety). The three ways of grouping decision areas are independent of each
other; each may be applied separately or in combination whenever this is opportune in the
process. Users can selectively reduce the design complexity by focusing on decisions related
to a single spatial level, a single process stage, and/or a single theme; they can also
experiment with different options in the focal decision areas and analyze the consequences
of partial changes to the design.

Each decision option can impact on several variables. These variables typically model
primitive attributes of a particular subsystem (for example, a building) to which the
decision pertains. For example, the choice of insulation material will affect the energy
required for heating the building, as well as the construction cost. Variables can model
system performance at a high level of abstraction by aggregating the values of a range of
primitive attributes into a single indicator. For example, the energy efficiency of a block
can be computed as the ratio of the total energy consumption to the total usable floor
space for that block. The present version of MEDIA embodies a variety of knowledge
from different disciplines and can calculate the (cumulative) effect of decision options for
some 200 impact variables. If quantitative effects are difficult to assess, MEDIA allows
users to define symbolic qualifiers (for example, people, planet, and profit) which can be
attributed to certain options by the stakeholders themselves during their discussions.

Decision areas are `interconnected' when the effects of certain combinations of
options interact. Relations between decision areas and options can be defined in the
preclusions, problems and promises window (bottom-left in figure 1).Where AIDA recog-
nizes only one type of interconnectionöthe exclusion relation used to specify impossible
combinationsöMEDIA provides a wider range. First, decision options can, when
chosen, preclude certain decision areas altogether. For example, if one chooses a central

408 I S Mayer, E M van Bueren, P W G Bots, and coworkers



heating system for a neighborhood, decision areas related to the heating of blocks and
residences within that neighborhood become irrelevant. Second, the strict exclusion
relation of AIDA is softened to allow specification both of positive and of negative
relations. Combinations can be labeled (on a seven-point scale) a promise if the inter-
action effects are beneficial and a problem if they are detrimental. In our example, the
central-heating option is problematic if the energy infrastructure for the neighborhood
can transport only electricity and/or natural gas.

In the design window (upper-right window in figure 1), users can specify alternative
designs by adding and/or removing components at different spatial levels and by checking
different decision options for each spatial level. MEDIA provides immediate feedback on
the compatibility of the chosen options, based on the relations specified by using the
preclusions, problems and promises window MEDIA gives warnings, but does not prevent
users from making apparently unrealistic combinations. The idea is that where there is a
will, there is a way: design problems may be overcome by creative design and engineering.

Regardless of whether a design is deemed feasible, MEDIA can compute its effect on
the values of the variables that have been defined. Because not all of these variables are of
interest at all times in the policy process, MEDIA allows users to select criteria from the
list of variables. These criteria are then used to generate customized overviews, similar to
that shown in figure 2, which facilitate comparison of alternative designs.

To evaluate a design, the expressions are interpreted similar to spreadsheets, such as
Microsoft ExcelTM. By default, effects on variables are cumulative and aggregated in
accordance with the spatial hierarchy. For example, the numeric value of the expression
defined for the variable ènergy consumption' at the building level is added to the numeric
values of expressions defined for ènergy consumption' for other decision options at the
building level. MEDIA uses the resulting sum to compute the energy consumption for

Figure 1. Main windows of MEDIA.
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the next higher spatial level (block) of which the building is a part. If the users have
specified that this block consists of ten buildings of type A and twenty buildings of
type B, with different decision options for these two building types, MEDIA calculates
the energy consumption for the block by adding 10 times the total value for A plus 20
times the total value for B to the sum of the impacts on energy consumption (if any) of
decisions made at the block level.

The impact-assessment window in figure 2 also shows the design impacts in terms of
the three qualifiers: people ( ), planet ( ), and profit ( ). MEDIA computes performance
scores for each qualifier by aggregating qualifications over different spatial levels and then
scaling to the maximum score that could have been obtained for this qualifier if all the
appropriate options had been chosen.

4 The DUBES game
While MEDIA was being developed, a simulation game was designed in which users
could become familiar with the MEDIA tool and the collaborative way of working
with it. The gaming sessions also allowed the DSS designers to validate and develop
their system further and to explore and test the collaborative procedures. In sum, the
game was developed for five reasons:
(1) to communicate the complexity of sustainable urban renewal projects;
(2) to generate useful and shared ideas for real sustainable urban renewal projects;
(3) to test prototypes of MEDIA through user interaction and develop new, extended
and improved, versions of it;

Figure 2. Comparing alternative designs in MEDIA.
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(4) to develop and test collaborative procedures for working with MEDIA in real-life
situations;
(5) to demonstrate to potential c̀lients' that MEDIA works and to train and teach them
how to work with it.

The DUBES game revolves around the renewal of an existing or fictional post-1945
residential neighborhood. It is a role play in which stakeholders are requested to draw up
a program of requirementsöa planöfor the sustainable urban renewal of a neighbor-
hood. The stakeholder negotiations are facilitated by game participants designated as
process managers and supported by the MEDIA tool. In its present form, the DUBES
game can create a simulated fictional neighborhood or reflect a real renewal project. The
method and the tool, however, are generic, so in principle the same tool and simulation
game can be adapted for other sustainable design projects, such as a new construction
project or the development of a sustainable business park. By playing the simulation
game using the fictional renewal case, participants are enabled to experiment with the
DUBES method without involving direct interests. Used in this way, it is primarily an
instructive means of exercising and training urban renewal managers in the DUBES
method and the concrete results are open-ended. When the simulation game is used for
the further development of a real renewal project, the participants gain useful ideas and
results relevant to their real program of requirements. It is important to realize that the
DUBES game delivers ideas and information for making decisions, but that the real
decisions can never be made in the DUBES (game) simulation. The following describes
the simulation game for the fictional neighborhood Greenward in the municipality of
Damshire.

Greenward is a typical post-World War 2 residential neighborhood in a medium-sized
town in the Netherlands. Figure 3 (over) gives an impression of the neighborhood and
its problems. The neighborhood has a lot of multistory subsidized housing, interspersed
with smaller blocks of terraced houses, concentrated shopping areas, and schools. Like
so many neighborhoods of this kind, Greenward faces problems of vacant houses,
alienation, poor maintenance, loitering teenagers, and vandalism. The neighborhood is
therefore in urgent need of improvement. Because there is a good chance of getting
financial support from the national government, the participants are asked to produce,
in one day, a program of requirements for the renewal of Greenward. The municipality
of Damshire and the Our House housing association, which owns more than half of the
real estate in Greenward, have decided to involve the principal interested parties in
drawing up the program of requirements. However, an important condition is attached
to eligibility for financing: the plans must make a clear contribution to the sustainability
of Greenward.

In preparation for the day, the participants receive the DUBES game documents with
the Greenward scenario. The scenario describes the urban planning history and charac-
teristics of Damshire and of the Greenward neighborhood. It also describes the housing
stock and demographics of Greenward and the neighborhood's problems with respect to
housing, public space, water, energy, safety, and traffic and transport. In addition, details
of a previous renewal plan, which was rejected, are provided as well as a scale model of
the neighborhood. The DUBES game document also contains an overview of the roles,
and the tasks and competencies associated with each role. Prior to the game, each
participant is given a role, such as councilor; project leader of the municipal building
department; resident representative; environmentalist; director of the S energy company;
director of the Our House housing association; director of the Welfare foundation; and
project manager of the municipal water, energy, and environment services. In each game
the roles defined depend on the case and the participants. Key in the definition of roles is
to ensure representation of a diversity of stakeholders and interests, including those
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involved only in later stages of the lifecycle of the neighborhood (for example, at the stage
of use, management, and maintenance), but whose interests may be affected by decisions
made in planning the neighborhood renewal.

Each simulation game involves between twenty and forty people. Depending on the
number of participants, two to three individuals may perform the same role. Differences
in role perceptions between players allocated the same role do not present a problem, as
such differences are also present in the real world. In addition to their role descriptions,
the participants are asked to apply their own knowledge and experience when playing the
simulation game. When the game is played with professionals, they can play either their
own role or the role of another stakeholderödepending on the specific lessons they want
to learn from the game.

The game is played in one day. In the morning session, the players explore the
opportunities for sustainable urban renewal in Greenward as well as their own prefer-
ences and priorities. The morning ends with an agenda for decisionmaking, an overview
of the themes, and a list of decision areas that should be includedöwithout specifying
these topics in decisions at this point. This is done in the afternoon, during which the
players define the program of requirements for the sustainable urban renewal. Figure 4
presents an overview of the structure and program of the game.

At the start of the game, the participants individually and anonymously prioritize all
the decision areas in MEDIA, based on how important they personally think a theme or
decision area is for the program of requirements. A mobile version of GroupSystems (an
electronic meeting system: see http://www.groupsystems.com) is used for this. The process
used makes the results of votes immediately available to participants. On the basis of
the prioritized results, the participants split into a number of parallel working groups.
The participants arrange and manage this process themselvesöthe game operators only
facilitate the game: they do not exert any influence over what is to be discussed and
with whom. The various groups approach the work from different angles, such as public
space, housing, and welfare, to explore the themes and decision areas and decide which
must be included in the program of requirements. As they do this, they can refer to
MEDIA and MEDIA advisors for guidance. They can also make use of the DUBES

Figure 3. Impression of the map and the problems of the Greenward neighborhood.
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tableöa poster that contains a systematic overview of all case-relevant decision fields and
options in MEDIA. As an aid to structure and report the discussion, each group gets an
èmpty' table, which contains the format but not the content of the DUBES table. Process
managers guide the discussions and negotiations in the working groups. Process man-
agers are game participants who have been instructed by the game leaders prior to the
simulation game as to the best way to chair and guide the process within the working
groups and planning workshops. The DUBES advisors support the process managers and
the working groups. These advisors have usually previously been trained to assist and
advise the working groups and record their results in the MEDIA computer program.
Session 1 (the morning session) ends with each group presenting their agenda for the
Greenward renewal program, including themes and decision areas that need to be
addressed in the program. During the lunch break, the game operates collate the different
MEDIA choices into one MEDIA design. Hence, each group starts the second session
with the same agenda for decisionmaking, although the priorities and decisions may be
different for each group.

In session 2, in the afternoon, the participants are asked to work out strategies for the
program of requirements in a number of planning workshops oriented toward different
aspects of sustainability, such as the environment, quality of life, and feasibility. The
participants are asked to reason out their choices by devoting attention to the various
effects of options, such as on sustainability, and interrelations with other decisions, for
example, those relating to other themes and at other scale levels. The chosen options
are marked in the table and/or registered in the MEDIA computer program, which
provides additional information on, for example, the consequences of decisions, effects,
and consistency.

At the end of the day, the analysis and comparison of the MEDIA results clearly
show the points on which the participants agree and those on which they have differences
of opinion. On some points, the participants will have to conclude that further research
is necessary in order to arrive at the best choice. The MEDIA results, together with
the arguments made for the choices during the group discussions and evaluations,
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.Introduction by game operators

(today's assignment) and by urban
planner of Damshire (map and
problems for example, Greenward)

Individual Prioritization of Themes
and Decision Areas to form a shared
decision agenda (supported by
GroupSystems)

Further explanation by game operator
of afternoon's assignment and
(impact assessment) functions in
MEDIA

Prioritization of themes and decision
areas to form groups' agendas and
sustainability focus of the program
of requirements

Agenda setting
Stakeholder-participants discuss and
work with MEDIA and DUBES
table in parallel thematic groups.
They select and discuss the themes
and decision areas to be addressed
in the program of requirements and
explore options. They are supported
by DUBES advisors who operate
MEDIA.

Presentation of the agendas by each
of the groups and comparison of the
results (plenary, MEDIA supported)

Presentation of sustainable programs
and comparison of the results,
(plenary, MEDIA supported)

Program of requirements/sustainable
design
Stakeholder-participants discuss and
work with MEDIA and DUBES
table in parallel groups. They
develop a sustainable program of
requirements, select options and
assess the consequences. They are
supported by DUBES advisors who
operate MEDIA.

Figure 4. Structure and program of the DUBES game.
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form the basis of a sustainable program of requirements for the neighborhood under
discussion.

5 Research approach and evaluation
Between 2001 and 2003 seven sessions were held with MEDIA and the DUBES
simulation game, as follows.
(a) The game was used in November 2001 in the renewal of the Emmen neighborhood
Emmerhout-Noord, situated in the northeastern Netherlands, in cooperation with the
project bureau EmmenÕevisited (a joint venture between the Dutch municipality
Emmen and the Stichting Wooncom housing association).
(b) In December 2001 the simulation game was played with the fictional Greenward
neighborhood by the employees of the municipality of Alphen aan den Rijn (situated
in the midwest of the Netherlands) and the Wonen Centraal housing association. The
results were applied in formulating the assignment to the Neighborhood Develop-
ment Company, a public ^ private partnership that was to be established at the start
of 2002.
(c) In March 2003 four game sessions were held with mixed groups of masters degree
students from three faculties of the Delft University of Technology: Civil Engineering;
Architecture; and Technology, Policy and Management. The simulation game challenged
the students to solve problems collectively, enabling them to experience the complexity
of (inter)disciplinary cooperation and familiarizing them with collaborative modeling
procedures and tools. It also gave the developers an opportunity to test a MEDIA 2.0
version in which the impact-assessment functions were fully operational.
(d) In October 2003 a session was held with some twenty-five professionals from five
municipalities and three research institutes involved in sustainable urban renewal.

All seven sessions were evaluated extensively through observations, interim group
discussions and (interim) measurements, debriefings at the end of the game, and evalu-
ation questionnaires. The results and experiences of participants are discussed below,
based on verbal and written evaluations. For reasons of space, in this paper we present
only the evaluation figures for the most recent session, as these are representative of the
other sessions (see also Van Bueren et al, 2002). Table 1 gives an overview of the key
features of the various sessions.

6 Findings and insights
The experiences with DUBES show that combining substantive modeling with
participatory decisionmaking is a promising approach for dealing with problems
characterized by substantive and political complexities. The major findings and
insights of the seven sessions of the DUBES game show that the DUBES approach:
(1) offers a satisfactory way of working;
(2) creates an overview of interests and opinions;
(3) provides a clearer picture of sustainability;
(4) generates cross-disciplinary discussions;
(5) generates useful outcomes; and
(6) could make better use of the potentials of MEDIA.
These findings are elaborated below.

6.1 Offers a satisfactory way of working
In all seven sessions the participants were generally satisfied with the way of working in the
simulation game. The professionals from the two municipalities of Emmen and Alphen
(see table 1) felt that the game was a good and enjoyable way of thinking about the
sustainable renewal of their residential neighborhoods with a large number of parties.
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Table 1. Overview of the sessions.

Emmen Alphen University Various professional
aan den Rijn organizations

Date November 2001 December 2001 March 2003 October 2003
Participants All relevant

stakeholders of
the real project

Municipality and
housing
association

Students of
Technology,
Policy and
Management,
Civil Engineering,
and Architecture
faculties.

Representatives
from various
municipalities and
research institutes.

Number of
sessions

1 1 4 1

Number of
participants

28 35 140 25

Case RealÐ
Emmerhout

FictitiousÐ
Greenward

FictitiousÐ
Greenward

FictitiousÐ
Greenward

MEDIA Prototype 1:
group discussion;
no impact
assessments.

Prototype 1:
group discussion;
no impact
assessments.

Prototype 2:
group discussion;
impact
assessments.

Prototype 2: group
discussion; impact
assessments.

Objective Testing prototype
and real decision
support.

Teaching and
training;
improving
communication
between two
organizations;
testing prototype.

Teaching and
training students
about
interdisciplinary
cooperation and
urban renewal;
testing prototype.

Teaching and
training
professionals in the
use of MEDIA and
DUBES; testing
prototype;
exploring options
to use it for real life
decision support.

Evaluation Observation;
debriefing
discussion;
evaluation
questionnaire.

Observation;
debriefing
discussion;
evaluation
questionnaire.

Observation;
debriefing
discussion;
interim
measurements.

Observation;
debriefing
discussion; interim
measurements.

Main findings
Strengths Fast, easy,

pleasant to use;
good overview of
issues and
decisions; useful
ideas for renewal
plan;
interdisciplinary
communication.

Pleasant and fast
way of working;
good overview of
issues and
decisions.

Students
experienced
difficulty in
interdisciplinary
cooperation and
management;
MEDIA tool
proved fast and
easy to use;
enhanced quality
of discussion;
sped process.

Fast and useful
collaborative tool
and procedure; also
useful for related
issues such as
public management
of urban areas.

Weaknesses Impact-
assessment
functions of
MEDIA needed
to be improved
and extended.

Impact-
assessment
functions of
MEDIA needed
to be improved
and extended.

Too rigid;
reduces creativity
and general
visions;
stakeholder
management
needs to be
improved.

Need to address
validity questions
regarding the
impact assessment;
interface needs to
be improved.
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The Emmen session proved that ordinary citizens could participate and contribute just
as well as local administrators and disciplinary experts. Participants indicated this in their
comments on the evaluation questionnaires, and in debriefings from the first two sessions:

`̀ It is a pleasant way of establishing objectives quickly.''

`̀This is a good way to form an idea, in a short time, of the problems involved and
the matters you want to resolve.''

6.2 Creates an overview of interests and opinions
Different interests and opinions were represented at each of the sessions. In the
municipality of Emmen, people played themselvesöin their own professional role.
In the other sessions, participants were allotted a role within the game. In both cases,
the result was a pluriformity of interests, perspectives, and opinions. In the cases of
Emmen and Alphen, for instance, participants were surprised by the many different
ways the problems could be viewed:

`̀As a citizen/resident, you don't realize how many areas decisions have to be made in.''

`̀ It was good to hear the opinions of the experts who were present.''

`̀ It helps to map out in a structured way the themes and decision areas that the
parties involved find important.''

6.3 Provides a clearer picture of sustainability
In the written evaluations of the sessions held with professionals, about two thirds of
participants indicated that they had gained a clearer picture of what sustainability
can mean in practice and the decisions that need to be made in the renewal of a
postwar residential neighborhood, and of the various options for neighborhood renewal.
Table 2 provides an overview of the professionals' evaluation of the DUBES approach,
the game, and MEDIA.

6.4 Generates cross-disciplinary discussions
The participants indicated that the method is suitable for developing a good overview
of the problems involved in a renewal project and for gaining new insights from
different disciplines:

Table 2. Evaluation results (mean scores on a scale from 1 ^ 10, with the standard deviations
shown in parentheses) from the most recent session with professionals from municipalities and
research institutes.

Evaluation of simulation game by participants Evaluation (n � 20)

The DUBES game is a good way to connect substantive aspects to 7.75 (1.18)
the decisionmaking process.

The function of MEDIA in urban (re)development projects is clear. 7.59 (1.00)
It is easy to express opinions in the planning workshop sessions. 7.53 (0.72)
MEDIA contributes to the quality of the program of requirements. 7.35 (1.22)
The DUBES game is a good way to implement participation of 7.31 (1.49)

residents.
MEDIA played a clear role in discussions. 7.12 (1.36)
The DUBES approach leads to shorter realization times for projects 7.06 (1.39)

and greater public support.
MEDIA makes a positive contribution to the quality of group 7.06 (1.25)

discussions.
MEDIA gives good insight into the impacts and performance of 6.82 (1.33)

decisions.
Decisions made during the group discussions can easily be inserted 6.18 (1.55)

in MEDIA.
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`̀ It may sound like an open door, but sustainability encompasses much more than
your own frame of reference.''

`̀This offers you the opportunity to get to know other disciplines in your own field of
work.''

Even more than the substantive results, the professionals assessed the interactive aspect
of the simulation game positively:

`̀ It is good to do this with all the different disciplines. It continues to be instructive.''

`̀We looked at matters that I would not have looked at otherwise, always from
different perspectives.''
The students were less definite in their opinions about the use of the tool and the

game. This may be because the game was used to let them experience the complexity of
sustainable urban renewal projects. Moreover, it was the first time they had had to
cooperate with students from other scientific disciplines. Evaluation findings of the
sessions with students showed that they generally found it educational to work together,
but that it was sometimes difficult to `understand' each other. The students from Civil
Engineering and Architecture had much more knowledge about the technical issues, such
as the use of grey water or photovoltaic cells, which they could explain to their fellow
students from other disciplines, whereas the students from Technology, Policy and Man-
agement had a better perspective on the process and political dimensions. At times the
two worlds collidedöjust as in reality. During the final evaluation an extensive debriefing
on this phenomenon was needed in order to channel some of the frustrations and point
out to the students that this is part of the game which they will have to learn to manage.

6.5 Generates useful outcomes
Despite the rather advanced stage of the renewal plans, the simulation produced some
useful ideas for Emmerhout-Noord. In particular, the municipal spatial planing and
housing service, the EmmenÕevisited project bureau, and the StichtingWooncom hous-
ing association derived useful ideas during the simulation on the themes of water and
mobility. These included some practical and simple ideas, such as placing rain barrels
next to houses, and more all-embracing ideas, such as the recognizability of the infra-
structure in the neighborhood and the choice of slow-moving traffic as the main form of
traffic in the neighborhood. These ideas were later worked out in detail and included in
the rewewal plans. Participants in the Emmen simulation indicated, moreover, that
some ideas that came up in the simulation proved useful for other neighborhoods
that are being restructured and for which decisionmaking was not at such an advanced
stage. They therefore felt that it was a pity that the method had not been used at an
earlier stage for Emmerhout-Noord.

Unlike in Emmen, the game for the municipality of Alphen and the most recent
session with professionals were not aimed at generating ideas immediately applicable to
an existing renewal project. The learning experiences with respect to sustainability there-
fore lie at another level of abstraction: the development of various visions of sustainability.
Participants in Alphen, for instance, were surprised by the amount of attention devoted in
the simulation game to social aspects of sustainability and safety, as these had not been
major considerations for them before. Moreover, experiences with the game contributed
to the municipality's decision to implement an adapted version of MEDIA and
the DUBES game in the course of 2004 for participatory neighborhood management.
To train the staff, several project leaders participated in the most recent session played
with professionals (see also table 2).
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6.6 Could make better use of the potentials of MEDIA
The observations and debriefings with professionals in Emmen and Alphen made clear
that the impact-assessment function of MEDIA 1.0 was crucial and needed to be
developed further. The professionals rightly commented that, in particular, the sustain-
ability and economic-impact assessment of options and choices were underdeveloped
in the MEDIA 1.0 version. They made a large number of suggestions on how to make
the tool more useful for real decision support. These suggestions were used to develop
MEDIA 2.0, which was tested with university students and professionals about a year
later. These sessions showed that, with the support of the DUBES advisors, design
choices could easily be inserted into MEDIA 2.0 and that impact assessments
improved the quality of the resulting program of requirements. The program showed
no bugs or errors and greatly contributed to the collaborative process. During the
elevation discussion, participants observed that they would not have been able to reach
this level of detail and overview without the use of MEDIA and the DUBES working
procedure. Students from the Civil Engineering and Architecture faculties, however,
were markedly more skeptical about MEDIA 2.0 and pointed out that design tools
they were already familiar with offered a greater and more reliable level of detail. These
and other observations led to interesting discussions with and among the students
about the strengths and limitations of different types of support tools and the way
they should be embedded in decisionmaking.

7 Challenges
Promising findings and insights resulted from the seven MEDIA ^DUBES sessions. In
particular, participants learned about the political and substantive complexity of deci-
sionmaking on sustainable urban renewal. However, participants also indicated that
there is room for improvement. The weaknesses in the approach show how difficult it is
to combine design rationality with political rationality. In table 3 the requirements for
methods and approaches that combine the two rationalities (summarized in section 2)
are shown and the potential of DUBES to meet these requirements described.

Although the results are promising, the DUBES approach needs further improvement
to fulfil its potential. There are several weak points, and two fundamental challenges, that
need to be solved in the future.

A first weakness is the dependence of the participants on the DUBES advisors. These
are experts in sustainable building who are familiar with the contents of MEDIA and
with the underlying methods and indicators. The role of these advisors should be reduced
for two reasons. The first is that the presence of experts makes participants less inclined
to express their own opinions; they might thus feel less responsible for and committed to
the decisionmaking process and to the results of the game. There is also a chance that the
DUBES advisors will do the work for the participantsöthat they, unintentionally will
influence the participants' contributions and that the game will therefore evolve into an
instruction or training session instead of a role play. A second reason to reduce the
advisors' role is more practical: it is difficult to find enough skilled DUBES advisors
who are willing to operate MEDIA during the various sessions, and it is costly to have so
many experts involved in operating the game.

A second weakness lies in the role play. When played with professionals the existing
role play suffices, but when played with students the role play needs to be deepened.
Students need more guidance in playing their roles as many of them are unfamiliar with
the role allotted to them and with the roles played by their fellow students. As a result,
students often play the roles as flat characters, with the priorities set and decisions made
based on somewhat na|« ve assumptions of actors' preferences and behavior.
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A third weakness concerns the content, functionalities, and interface of MEDIAö
three elements that need definite improvement. The challenge is to find a balance between
completeness, validity, and reliability on the one hand and functionality and usability on
the other. As a DSS, MEDIA should be able to fulfil those functions required to serve as
a supportive tool in the game. It should be able to deliver information that participants
consider useful quickly, and it should present this information in an accessible format.

Table 3. Overview of findings based on the elicited methodological criteria.

Requirements Potential of DUBES to meet the methodological requirements for a
of DUBES combined approach
(from section 2)

Integrative MEDIA integrates different design levels, time ± space dimensions, and
substantive aspects of decisionmaking in a holistic and systemic way.
DUBES communicates the (political) complexity of urban renewal and seeks
solutions for it. MEDIA and DUBES complement and reinforce each other.

Dynamic MEDIA is able to calculate the future performance of alternative decisions
(the `what if?' question). The simulation game relates these decisions and
outcomes to the preferences of stakeholders. Stakeholders can select and
negotiate the indicators they consider important.

Interactive MEDIA is embedded in the DUBES simulation game, which makes it
interactive and collaborative. MEDIA is used to structure and enrich
stakeholder discussions, but also provides a reality check for these
discussions and negotiations.

Transparent Participants indicate that MEDIAÐwith the support of DUBES advisorsÐ
is clear and understandable. MEDIA does not limit or take away the right
of stakeholders to question the outcomes; but if this is the case, stakeholders
should examine why they have doubts and put the issue on a common
agenda for further exploration.

Flexible and
reusable

Both MEDIA and DUBES are methodological frameworks that can be
(re)loaded for different cases. The concepts underlying MEDIA are generic
and can be used for a range of applications. The simulation game can be
adapted to real or fictitious situations and a variety of objectives. However,
the effort required to fill a MEDIA database, or adapt the game, is
considerable and therefore worthwhile only if it is subsequently to be used
in a series of sessions.

Fast and easy Experiences show that (non)experts and residents can participate in the
game and are able to understand and use MEDIA fully when supported by
experienced DUBES advisors. The use of MEDIA in a collaborative setting
generates information and ideas for real projects. In about one day, the
approach generates a wealth of useful information and analyses. However,
the software interface needs to be improved to make it even more accessible
to users.

Communicative
and educational

In the context of the game, MEDIA clarifies the problem structure and
assists stakeholders in finding solutions. The simulation game is designed to
enhance communication between participants with different perspectives,
levels of knowledge, and forms of expertise. MEDIA structures and enriches
the discussions between stakeholders. Participants indicate that the approach
is instructive.

Authoritative MEDIA is based on established and validated methods (for example,
lifecycle analysis, LCA) and models (for example, EcoQuantum). An
introduction to MEDIA, and the help and explanations of the DUBES
advisors during the game, ensure that MEDIA is no `black box' and that
participants can challenge outcomes and should agree on further exploration
of crucial issues by other methods. Within the simulation game, political
standards are incorporated in the program of requirements through the
formulation of ambitions, goals, and conditions of the stakeholders.

Collaborative decisionmaking for sustainable urban renewal projects 419



Despite the improved interfaces and functionalities of MEDIA (see section 3), in its
present form it still takes some time to learnötime that is not available during the
game, which makes participants dependent on the DUBES advisors for acquiring infor-
mation from MEDIA. Also, MEDIA contains a lot of information in which participants
can easily get lost, for example, by focusing too much on details or aspects that are
irrelevant to the decisions they have to make.

The next version of DUBES will address these weaknesses in concert by differentiat-
ing tasks to be carried out by the different participants during the game in addition to
actor roles. In the versions discussed in this article, only actor roles were distinguished.
During the game all actors performed similar tasks: they participated in working groups
and design studios. For participants with specific interests this was unsatisfactory, and
this could result in their loss of interest and commitment to the process. For example,
some participants wanted to find out more about MEDIA, whereas others were more
interested in exploring specific alternatives or in playing political games. By giving players
different tasks and responsibilities in the game, better use can be made of participants'
specific interests, knowledge, and skills. As such, some players would be asked to operate
MEDIAöand they would be given instructions and time during the game to get to know
the tool. Others would be asked to explore opportunities in specific areas, such as energy
saving or social safety; yet other participants would be made responsible for the deliver-
ables during the game. In this way, the processes during the game would more closely
resemble realityöwith specialization of actors and differentiation of tasks.

These weaknesses are indicative of two more fundamental challenges for systems like
DUBES that try to combine political rationality with substantive modeling: embedding a
DSS in a simulated political environment; and embedding a simulation game in a real
decisionmaking process.

7.1 Embedding a DSS in a simulated political environment
The embedding of a DSS in a simulated role play environment turns out to be difficult. As
in real life, in MEDIA participants tend to get lost in substantive details or in political
games unrelated to the formulation of a program for sustainable urban renewal. Indeed,
the parallels with reality are striking, which means that these experiences may provide
memorable lessonsöespecially for students. However, the challenge is not to simulate
failure but to get participants acquainted with methods that can make such a process a
success. MEDIA and the role play should be designed in such a way that professionals can
make maximum use of their expertise, while learning in areas in which they are less
experienced and continuing cross-disciplinary debates. The next version of DUBES will
show the extent to which the distinction of different tasks as well as roles during the game
will address this challenge.

7.2 Embedding a simulation game in a real decisionmaking process
DUBES offers participants a simulated learning environment in which it is safe to
experiment and make mistakes. So far, DUBES has not been part of any real deci-
sionmaking processes. In the case of Alphen aan den Rijn, participants preferred to
use a simulated neighborhood rather than a real one; and in the case of Emmen, the
game was played in parallel to the real decisionmaking process, which was already at
an advanced stage, and the benefits of the game in terms of improvements of the
restructuring plans were therefore limited. However, municipalities and consultants
often ask whether DUBES could be used for real decisionmaking processes. In many
cases, confrontation with the substantive and political complexity of restructuring
processes creates a direct urgency for actors to seek out support. In its present form,
DUBES is not capable of providing this support other than in a gaming ^ simulation
experience in which learning processes are condensed. However, it would be interesting
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to explore how the approach could be used to support real decisionmaking processes
over a longer period. This could range from playing the game at several stages in a
decisionmaking process to the design of a decisionmaking process in which the full
potential of MEDIA and the underlying methods and tools could be used. This last
suggestion would involve the evolution of DUBES from a generally applicable and simu-
lated learning environment into a consultancy trajectory tuned to a specific political
and physical environment.

8 Conclusion
The planning and design of complex social ^ technological systems, such as urban
systems, require a high level of integration of disciplinary insights and stakeholders'
perspectives, while taking into account the various time and space dimensions of
an urban renewal process. Therefore, more effective decision-support methods, that
are able to integrate the substantive and political dimensions of decisionmaking, are
needed. In this paper we have argued and demonstrated that collaborative DSS and
simulation games are among the more powerful methods which can be used to realize
this ambition, in particular when they are used in a complementary and mutually
reinforcing manner.

In our view, the combined MEDIA^DUBES approach has proven to be a flexible,
collaborative learning environment in which stakeholders can come to understand and
experience the substantive and political complexity of urban renewal projects. In table 3
we summarized our conclusions and findings on the basis of the requirements we listed in
section 2 for decision-support methods in a complex multiactor setting. The empirical
evaluation findings indicate that participants found the simulation game an enjoyable and
instructive way for a large number of parties to explore the opportunities for sustainable
renewal of residential neighborhoods together. Moreover, the DUBES game allowed the
developers to improve and validate the MEDIA tool further in interaction with potential
users and to test collaborative ways of working with the tool.

In the near future, the MEDIA^DUBES project will continue along a number of
paths. First, the MEDIA model will be developed furtheröin particular, its user inter-
faces and modules for conducting a stakeholder analysis (not discussed in this article).
Second, the DUBES simulation game will continue to be used to support existing renewal
projects, as well as in teaching and training students and professionals. The results of the
games will serve as an input for the further development of MEDIA. Third, the DUBES
method will be applied to other themes, such as the development of new building sites,
the construction and harmonization of infrastructure, and the renewal of business parks.
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