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Abstract

Sustainability research is aimed at meeting the challenge of dealing with important
societal problems related to the ‘metabolic’ processes between society and naturein a
global context. Besides generating knowledge about the characteristics and dynamics
of the complex processes involved (e.g. climate change, loss of biodiversity, increas-
ing poverty and hunger), it should also contribute to normative knowledge about
how to evaluate these processes and develop strategies for social change towards
sustainability. An interdisciplinary composition of research teams is necessary to
deal with the complexity of sustainability problems. The normative questions and
the need for decisions to be made in situations of uncertainty additionally call for a
transdisciplinary research design, involving actors from the life-world as equal
partners. The process of integrating knowledge from different disciplines as well as
from the life-world is a great challenge which needs to be met through methodologi-
cal innovation. This article introduces constellation analysis as a methodological
approach for bridging different knowledge claims, drawing on two case studies to
demonstrate its application.
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1. Introduction

With the 1992 United Nations Conference on Environment and Develop-
ment (UNCED) in Rio de Janeiro, the concept of sustainable development —
bringing together questions of social justice with environmental issues —has
gained importance in international politics. Based on these political pro-
cesses, anew field of research has developed within the last decade: sustain-
ability research. Sustainability problems are characterized by being globally
interlinked, complex, synergetic, cumulative, and highly dynamic, often
marked by non-linear causal chains and significant time lags between causes
and effects in the interplay between social and natural systems (Sieben-
hiiner, 2004: 76). Due to the complex problems and the need to develop
strategies for a rather deep social and ecological transformation of society,
sustainability research is often organized as inter- and transdisciplinary
research. This research type faces the challenge of integrating knowledge
and methods from different scientific disciplines and of integrating both life-
world and scientific knowledge.

Sustainability research can be understood as being part of a transforma-
tion towards a new mode of knowledge production, called “mode 2”
(Nowotny et al., 2001; Gibbons and Nowotny, 2000, Gibbons et al., 1994), in
contrast to disciplinary science (“mode 1”). Science of this type acknow-
ledges the appearance during the last few decades of societal problems of a
new quality, which cannot be dealt with adequately solely via disciplinary
science (Schmidt and Grunwald, 2005; Mittelstrafs, 2005; Jahn, 2003; Lange,
2003; Bechmann, 2000; Brand, 2000). Other prominent fields for inter- and
transdisciplinary approaches are health, risk, environmental and innovation
research (Pohl and Hirsch-Hadorn, 2008; Schon et al., 2007).

The basic demand of inter- and transdisciplinary approaches is to inte-
grate different perspectives and knowledge successfully throughout the
whole research process (Pohl and Hirsch-Hadorn, 2008). Although some
scholars have tested methods and tools for sustainability research over the
last years (Schophaus et al., 2004; von Blanckenburg et al., 2005; Pohl and
Hirsch-Hadorn, 2008), innovative methods in this domain are not yet suffi-
ciently explored. The need for a middle-range concept which is able to
bridge different areas of expertise and enable the understanding between
persons with different scientific and professional backgrounds, rationalities
and logics of action has led to the development of constellation analysis at
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the Center of Technology and Society of the Technische Universitit Berlin
(Schon et al., 2007)'. In this paper we introduce constellation analysis as a
bridging concept, demonstrate its applicability for different purposes and
conclude how it could be used for sustainability and innovation research in
industrialized and emerging countries.

2. Characteristics of sustainability research and methodological chal-
lenges

(a) Characteristics of sustainability research

Sustainable Development is a political concept which is based on the norma-
tive premises of intra- and intergenerational justice and compatibility with
the limitations of natural resources. The operationalization of these premises
in concrete guidelines for future development strategies is a controversial
issue in society as well as in science. The understanding of ‘sustainable
development’ therefore has to be clarified in each process of sustainability
research, the scientist being only one of the societal actors who position
themselves with their interests and values in a field of conflicts. Since prob-
lem definition in sustainable research is directly linked to normative values,
science alone is not competent enough and legitimised to realize research
and draw on recommendations without consulting societal actors (Nolting
et al., 2004; Schaéfer, 2007).

Further, sustainability research is characterized by taking up life-world
problems in the intersection of society and nature which urgently call for
political action and coping strategies even if the knowledge available about
causal interrelations and the effects of interventions is highly uncertain
(Bechmann, 2000).

A methodological consequence of these characteristics is the necessity
for the integration of knowledge from different disciplines as well as the
systematic integration of life-world knowledge (Becker and Jahn, 2006: 292-
308).

Brand (2000: 24) describes the function of inter- and transdisciplinary
sustainability research as follows:

Transdisciplinary sustainability research aims to contribute to the solution
of different problems of sustainable development. The premise is that these
solutions cannot be worked out alone by science and not by highly special-
ized disciplines. On the contrary, sustainability problems partly result from
the dynamics of scientific, technical and societal processes of differenti-
ation. However, solutions also cannot be found without highly specialized
science — but only through new, problem-oriented, interdisciplinary
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connections being created.

In sustainable or transdisciplinary research a differentiation is made be-
tween three types of knowledge that are generated (Cass/ProClim, 1997;
Maier Begré and Hirsch Hadorn, 2002; Nélting et al., 2004; Pohl and Hirsch-
Hadorn, 2007):

e  Systems knowledge: about the characteristics and dynamics of processes
and the interconnections between ecological, economic, social and cul-
tural aspects;

e  Normative or target knowledge: helps to evaluate the sustainability of
societal transformation; and

e  Transformation knowledge: helps to develop strategies for societal trans-

formation process.

All three types of knowledge are linked with each other and have to be
analyzed interdependently (Hirsch-Hadorn et al., 2002: 15). There are differ-
ent reasons for integrating non-scientific or popular knowledge into the
generation of each of these types of knowledge. Regarding the generation of
systems knowledge, exchange with practitioners allows insight into inter-
connections and limitations that can only be experienced by being an actor
in the field concerned. Including other forms of knowledge also makes it
easier to obtain an impression of the different scales (local, regional,
national, global) and the multiple, interactive, and cumulative character of
certain problems (Siebenhiiner, 2004: 77).

As mentioned above, the need for integration of different societal per-
spectives seems especially evident concerning the generation of normative
or target knowledge. Scientific research can help to identify different inter-
ests and moderate the process of discussing transformation goals, but it
cannot define normative premises on its own. Defining critical loads or
threshold values, evaluating risks, dealing with uncertainty, choosing trans-
formation goals and indicators — all these steps are based on normative
decisions, which imply conflicts of interests and values. Transformation
goals only have a chance of being implemented if they are accepted by those
who will be affected. Acceptance requires integrating these actors in the
transformation process at an early stage (Brand, 2000: 20).

Concerning transformation knowledge, exchange with practitioners is
essential for the development of solutions or strategies that are context-
specific and will be relevant in practice. The success chances for necessary
changes improve if those groups affected are not only integrated into the
definition of transformation goals, but also into the construction of trans-
formation strategies and measures (ibid.).
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(b) Methodological challenges of inter- and transdisciplinary research

Interdisciplinary research teams have to integrate different methodological
approaches as well as disciplinary knowledge related to their specific re-
search problems. At the bottom, this cognitive integration process involves
linking empirical data and theoretical concepts from very different back-
grounds, that is from social and natural sciences (No6lting et al., 2004). One of
the main difficulties for interdisciplinary cooperation is to differentiate
between the different disciplines, their technical terms and languages.
Researchers perceive this very time intensive process as the main difficulty
and even barrier to interdisciplinary research (Lowe and Philippson, 2009;
Bohm, 2006; Bromme, 1999; Klein, 1996).

The problems of mutual understanding are even more evident in trans-
disciplinary projects which aim at integrating ‘life-world” knowledge
throughout the research process. Practitioners and scientists act on the basis
of very different rationalities and logics of action - besides not being groups
of homogeneous actors. While, for example, the scientists are interested in
in-depth analyses which allow reliable conclusions, practitioners many
times are obliged to take short-term action. They quickly need advice which
can easily be transformed into concrete strategies. Limoges (1993: 420) states
that each of the researchers and practitioners locates the problem in an
alternative “world of relevance”. This diversity in perspectives must be
taken into account while identifying and structuring the problem and while
developing and testing means to deal with it. Several authors agree that the
first step in mutual learning and integration is to acknowledge the diversity
of perspectives and to explore and clarify their differences (Giri, 2002; Loibl,
2005; Loibl, 2006; MacMynowski, 2007).

Pohl and Hirsch-Hadorn (2007) differentiate three phases of a transdis-
ciplinary research process: a) problem identification and structuring; b)
problem analysis; and c) bringing results to fruition. Furthermore, they have
introduced four principles for carrying out transdisciplinary research: a)
reduce complexity by specifying the need for knowledge and those in-
volved; b) achieve effectiveness by contextualization; c) achieve integration
through open encounters; and d) develop reflexivity through recursiveness.

The first principle-- specifying the need for knowledge -- implies decid-
ing which research questions need to be addressed by a project and deter-
mining the corresponding conditions. To this end, it is necessary to find out
what kind of systemic perception underlies a project, what normative tar-
gets it has set itself, and what potential societal transformations it aims at.
The second principle states that impact-related contextualisation of a project
consists in making the research results accessible to those concerned. For
this aim, it is essential to reformulate the results differently for specific target
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groups. The third principle of integration by being open to encounters
frames the aspect we already mentioned above: It implies perceiving one’s
own perspective as only one among several others, and accepting other
views as potentially just as relevant as one’s own. Only thus can construc-
tive discussions about the potential of various perspectives to contribute to a
common undertaking take place and be further developed. The forth princi-
ple, recursiveness, means that the research process is shaped in such a way
that theory and methods are repeatedly tested by applying them to practice
and that underlying assumptions can be modified if they are found to be
inadequate. According to Pohl and Hirsch-Hadorn (2007) such a recursive
design is a pragmatic way to prevent a project from becoming stuck due to
uncertainty or the preliminary state of knowledge.

Researchers in this field have to translate the challenges of reducing
complexity, contexutalisation, integration and recursiveness into the formu-
lation of concrete methods. Over the past decade, a more intense reflection
on success factors and adequate methods and tools for inter- and transdisci-
plinary cooperation processes has emerged (Mogalle, 2001; Schifer and
Boeckmann, 2004; Schophaus et al., 2004; Striibing et al., 2004; Bergmann et
al., 2005; von Blanckenburg et al., 2005; Pfriem et al., 2006; Pohl and Hirsch-
Hadorn, 2006; Boeckmann et al., 2007; Pohl and Hirsch-Hadorn, 2008). Many
of these publications concentrate on aspects of cooperation management and
offer recommendations for an adequate organizational structure of these
processes. Others introduce different types of participative tools which
allow integrating life-world knowledge (e.g. citizen juries, scenario work-
shops, future conferences) or deal with conflicts concerning transformation
strategies (e.g. mediation, consensus conferences). Up till now, however, few
methods have been developed which facilitate obtaining insight into and
allowing the structuring of the perspectives of actors with different back-
grounds — be it different disciplines or scientific versus life-world back-
grounds.

3. Constellation analysis: a bridging concept for inter- and transdisci-
plinary research

To meet some of the demands for carrying out inter- and transdisciplinary
research, constellation analysis was developed as a bridging concept for
mutual understanding between different disciplines and between science
and life-world actors (Schon et al., 2007). Here, a bridging concept means an
approach comprising several analytical categories which different disci-
plines can relate to.
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Core elements of constellation analysis

The complex problems treated in sustainability and innovation research are
understood as constellations which are characterized by interactions be-
tween different factors, dynamics and contexts. A constellation is mapped
by an interdisciplinary or transdisciplinary research team starting from its
central elements. Adding new elements, research team members from
different disciplines and/or lay experts judge the relevance of successive
elements proposed, initiating a discursive mapping process. The team
agrees on a common interpretation of the relevant elements and relations
within the constellation and the influences between them. Constellations
consist of different types of elements, differentiating social actors, natural
elements, technical elements and systems of signs. Social actors can be
individuals as well as social groups that are actively involved in the deci-
sion-making process. Technical elements include all technical artifacts.
Natural elements characterize substances and resources, animals and plants
as well as other natural phenomena. Systems of signs include ideas, con-
cepts, ideologies, laws, communicative acts and images. Taking into con-
sideration early actor-network theory concepts (Latour, 1987), the central
focus of this method is treating the heterogeneous elements as being equal.
This emancipated consideration of the elements allows a non-hierarchical
interdisciplinary cooperation which does not differentiate in terms of ‘lead-
ing’ and ‘auxiliary disciplines’.

The four types of elements and the relations between them are charac-
terized by symbols:

natural elements [technicalelements] < > social actors

- =— O

single relation  directional relation conflictual relation hamperedrelation  feedback relation

After identifying the central elements, the interrelations between them
are analyzed and mapped. This step obliges the actors involved to refer to
each other’s perspective. Clarification of the relations between the elements
is necessary to be able to understand the structure and logic of a constella-
tion. The next step consists in describing the dynamics of a constellation.
The key element of the method is the visualization of the constellation in the
form of a graphic image. Transforming an inter- and transdisciplinary
discussion into a graphic representation enhances mutual understanding by
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relating different perspectives to each other and clarifying points of consen-
sus and dissent. Visualizing complex constellations makes it easier to depict
them in several steps and to analyze and discuss them collaboratively, both
within the research team and with lay-actors. Visualization therefore sup-
ports language in the process of mutual understanding as an important
supplementary medium.

So far, constellation analysis has been implemented with different objec-
tives: (a) mapping of the diversity of perspectives; (b) development of strat-
egies on the basis of a constellation mapping; (c) analysis of the
implementation and the impact of policy measures on the structure of a
constellation over a longer period of time; and (d) integration of results
within an interdisciplinary research project.

All of these objectives have in common that the step of constellation
mapping was the prerequisite for inter- and transdisciplinary analysis by
providing structuring and systematisation. Figure 1 illustrates the function
of the constellation analysis as a bridging concept for mutual understanding.

Figure 1: Constellation analysis as a bridging concept

Inter- and trans- Disciplinary and life-

disciplinary world follow up acti-
erspectives - - iti
pesg Constellation Analysis wtiss

$\‘

as a Bridging Concept

Develop e.g. Selectand .
Social Scientists / strategies mplemisnt
| Discursive and Analysis of the strategies
Entrepre- visualised mapping [ | governance of
neurs | 3| and interpretation of Pl Sss e.g. Disciplinary
the constellation Structuring mul- | follow up studies

Integration of 7 processes
results

tiple perspectives - —
\ N e.g. Design decision

7
Natural
scientists

Source: Translation from Schon et al. (2007).
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Application of constellation analysis: Two case studies

The following sections introduce two case studies applying constellation
analysis in sustainability research, featuring the main characteristics of
interdisciplinary and transdisciplinary sustainability research. The first
focuses on the development of the wind energy sector in Germany and
tackles the implementation and impact of technological innovation and
policy measures on the structure of a constellation over a period of thirty
years. The second case study investigates the diversity of perspectives on
flood management in the Middle Elbe Region in Germany, wherein the
views of different actor groups involved in flood management are mapped
focusing on values and rationales.

Case 1 - The German wind energy sector: mapping an innovation biography

The German wind energy sector has seen rapid growth during the last 40
years and was marked by a dynamic process of innovation, with Germany
having become the world’s leading wind energy producer. A research
project?proceeded from the hypothesis that, in the course of the innovation
of wind energy, both the network structure of decision makers and the
application of technology shifted (Ohlhorst, 2009; Bruns et al., 2008). It was
assumed that technical and natural elements are closely linked to institu-
tional and social developments and that this heterogeneous constellation has
been permanently reorganized.

The relations between the main elements and the impact of regulation
measures were investigated employing an inter- and transdisciplinary
research process. The core agents and the main forces of change were identi-
fied and their characteristics described. The mapping process was guided by
the two questions: Firstly, which decision makers and interests influenced
the innovation process? Secondly, do other aspects, such as technology,
economic, ecologic, social, institutional or natural conditions, play an im-
portant role? By mapping constellations of different development phases of
the sector, the study was able to analyze whether it was the role of the actors
or other elements that had changed over the years. The core question was:
What conclusions can be drawn from change of these constellations for
governing innovation processes?
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Figure 2: Phases of the development of the German wind sector

From 2002:

1975 -1986: 1995-97 Decrease

- (Onshore),
Departure/ Pioneer Phase| Set Back Offshore-

Planning

1975

Source: Ohlhorst (2009)

Figure 2 summarizes the development of the German wind energy sec-
tor in different phases. The energy sector in the 1970s was dominated by
centralized energy suppliers which used fossil energy sources or invested in
nuclear energy plants. Motivated by the oil crises and the environmental as
well as the anti-nuclear movements the development of the wind energy
sector began as a niche. From 1975 to 1986, wind power was generated
mainly for private and local requirements, for example by farmers, in small,
decentralized plants.

Between 1986 and 1990, in the second phase, there was much change in
the field of energy policy and the surrounding conditions. That is, in 1986
the reactor catastrophe of Chernobyl occurred, the Brundtland-report
pointed out the limits of growth and created awareness about the problem
of climate change. The operator-communities of wind energy producers
were growing. That is, at that stage, there were not only single turbines, but
also the development of the first wind farms, comprising three or more
plants. Substantial support programs and subsidies led to technical progress
in the sector. As an external influence, particularly the development of the
wind energy sector in Denmark became a role model and, as such, exerted a
driving force.

From 1991 until the mid 1990s, an initial ‘wind energy boost’ occurred in
Germany, mainly because of the ‘Feed-In Act’ for electricity and also be-
cause of the governmental ‘250 MW-support program’. Figure 3 shows the
constellation of the wind energy sector in this phase.

Governmental interventions in this phase were embedded in a consis-
tent strategy: The energy markets were opened and liberalized and the
national government had important ecological and climate-protection aims.
The governmental measures were supported by a broad alliance of actors,
some of which had newly entered the constellation: investors, operators,
producers, politicians and lobbyists.

123



M. Schifer, D. Ohlhorst, S. Schon, S. Kruse/AJSTID Vol. 2, No.1 (2010), pp. 114-137

Figure 3: Constellation of the energy sector from 1991 to 1995

1991-1995 First Boost And Concentration

principle of operation of the niche

constellation: professionalizing,
commercialization UNFCCC Rio

private users,

farmers, 250 MW- Federal Ministry
local user associations support programme of Research
I

idealistic Tana T
wpp/wind farms,
rising performance, Electricity Feed-In Act Ger’;nalr) Fede{al
capital investment arliamen

investors
wpp as investment

producers

German Institute
for WE founded

federal state

support programmes,
organizations/ lobby

federal states

wpp = wind power plant
WE = wind energy

Source: Ohlhorst (2009)

But the governmental actions were not the only driving forces in this
phase, as they interacted with other factors. Wind energy plants became
appealing for capital investment. The local operator communities became
increasingly differentiated, using their expertise to expand and professional-
ize. The professionalization of the operator companies was crucial for the
wind energy boost in the early 1990s.

In the middle of the 1990s, the fourth phase, Ohlhorst identified a break
in the development of wind energy in Germany. The power supply com-
panies and their associations expressed doubts about the conformity of the
Feed-In Act with European Union law. One result was an uncertainty for
investors and a slump in sales of wind turbines. Simultaneously, the accept-
ance of wind power plants decreased also because wind turbines got bigger,
developing to big industrial installations.

The national governmental initiatives stagnated:

e Thesupport programs expired, and the Feed-In Act was massively at-
tacked by the energy-supply industry. Their representatives inter-
vened with legal measures and claimed that the law did not comply
with European Union subsidy regulations.

124



Science for the Future: Challenges and Methods for Transdisciplinary Sustainability Research

e The national ministry for economic affairs considered a reduction of
the feed-in tariffs.

e The national administration court decided that wind power plants
were not to be considered as privileged construction projects in the
building law — countering their assessment in the ongoing debate.

The uncertainty increased and affected many actors, such as authorities,
banks, investors and producers. There were also technological factors which
had a retarding effect: Due to rapid innovation cycles, some of the plants
were not well constructed. Since these plants were prone to errors and
dysfunction, they harmed the image of the whole technology.

To sum up, the motivations and aims in this phase seemed to be am-
bivalent and partly contradictory, even on the part of the state actors, so the
constellation appears inconsistent.

Figure 4: Constellation of the energy sector from 1995 to 1998

1995 - 1997/98 Set Back

principle of operation of the principle of operation of the
niche constellation: economic dominant constellation:
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permissions KN
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Source: Ohlhorst (2009)

wpp = wind power plant

Figure 4 illustrates changes of the constellation in this phase. The last
two phases were mapped in a similar way. At the end of the 1990s, a second
boost of wind energy deployment started. The European Court of Justice
decided that the Feed-In Act complied with European Union law, and wind
farms again became attractive for capital investment. The new Feed-In Act,
called the ‘Renewable Energy Sources Act,” provided long-term feed-in
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tariffs and planning reliability for the operators. Furthermore, increasing the
percentage of renewable energies played a crucial role concerning the politi-
cal targets in the field of climate protection. The state initiatives responded
adequately in providing the means to overcome the obstacles of the preced-
ing phase. However, there were also some unintended impacts of the state
measures: In some regions there was an uncontrolled growth of wind power
plants and conflicts between different ecological targets (nature protection
and climate protection) became more obvious.

In the sixth phase, from 2002 to now, the constellation split into two
parts: the onshore and the offshore wind energy sectors. Onshore, wind
energy development in Germany has been decreasing. Despite much plan-
ning, only a few offshore German wind turbines have been realized in a
North Sea wind energy test site.

Employing the process of mapping and analyzing the above constella-
tions, formulated with the help of scientists from different disciplines and
actors from the wind sector, several results became evident:

e By visualizing the different perspectives it was possible to get a more
detailed picture about the relevant elements and relations. The process
of assembling mutual consent about the structure of the problem and
its characteristics was supported by mapping the constellations.

e Carrying out the analysis together led to a common understanding of
the main influential factors and awareness that successful innovation
processes depend on parallel progress being achieved in various di-
mensions (e.g. technology, social aspects, politics, and favorable sur-
rounding conditions).

e The constellations of different phases showed that the state had
changed its interests and aims in the course of the process. The figures
made the strategy-change of state actors and institutions perceivable
for all actors.

e Theanalysis showed that different regulatory measures made sense in
different parts of the constellation at a given time and level of the in-
novation process. Used as a scenario instrument, the constellation an-
alysis was able to help in identifying the phases and crucial points for
successful governmental action.

e By participating in the analysis, the actors of the wind energy sector
were able to understand the sector’s ‘innovation biography’ better,
which helped them to draw conclusions for further development pro-
cesses.

e From ascientific point of view, understanding innovation processes in
one sector can be useful for analyzing other sectors (e.g. solar energy,
energy from biomass), identifying their commonalities and differences.
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Case 2 - Flood management: understanding different perspectives for strategy
development

The second case study draws upon a transformation process in flood man-
agement in the aftermath of extreme flooding of the Elbe and Mulde rivers
in Southeast Germany in August 2002 (Kruse, 2010). After the flood, which
had resulted in substantial damage to infrastructure, private houses and
agricultural land, all groups of actors stated that there had been mistakes in
the past and demanded a change of strategy for flood protection. However,
there was no common understanding of what should change and how this
change should be brought about. Discourse about the flood and how to react
to it quickly became very emotional, and soon the different actors and actor-
groups seemed to separate into two camps: those who wanted a change of
strategy and to give more space to the river, and those who wanted to
achieve more security through technical flood-protection measures. As their
positions hardened, it became very difficult to lead a constructive, solution-
oriented dialogue.

A research project®tried to enhance mutual understanding by mapping
the different perspectives on flood-protection strategies in the Federal State
of Saxony-Anhalt (Forschungsverbund ‘Blockierter Wandel’, 2007). A com-
parison between the different perspectives was intended to illuminate the
differences between positions, the nature of real or perceived conflicts and
key obstacles to the implementation of flood-protection measures. The
constellations are based on qualitative interviews with representatives of all
the groups involved in the flood-protection scheme under study. The inter-
viewees tried to clarify what they would consider the main aims of and
rationales for flood protection (what they would call the ‘right’ measures).
Within the research project actors like the Authority for Flood Protection of
Saxony-Anhalt, several local communities, environmental organisations and
the authority for cultural heritage (Kulturstiftung) were interviewed. Based
on the interviews and documents, the perspective of each actor group in-
volved in the flood-management discourse was mapped with the help of
constellation analysis. The interviewees were then consulted several times in
order to discuss the maps and the initial findings. They had the opportunity
to revise or change the map, to comment on the visualisation, or express
their own interpretation.
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Figure 5: The “Waldersee-Perspective’
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Figures 5 and 6 show perspectives of two different actors concerning
possible strategies of preventing floods in the future: The first is one of the
communities (Waldersee) which was severely affected by the flood (see
Figure 5) and the second the federal authority for the protection of historic
buildings and monuments (Kulturstiftung), which is illustrated by Figure 6.

For the population of Waldersee, the primary aim of the protection-
measures is to prevent their livelihoods and property from future flooding.
They acknowledge that nature and culture are important goods, but if their
protection conflicts with the protection of livelihoods and property — which
happened in several cases in the restoration and rebuilding of the protective
infrastructure — they are seen as subordinate. In the opinion of the Walder-
see community, the rationality of flood protection should primarily be to
control and regulate flood events through a secure dyke system and im-
proved emergency management. However, adaption to flood events was
seen as a back-up strategy, on the assumption that technical means cannot
prevent a catastrophe entirely.
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Figure 6: Perspective of the Kulturstiftung on flood protection measures
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The population of Waldersee has introduced a wide range of proposals
for future approaches to flood protection. These include both technical
protective means, such as dykes and emergency management, and prevent-
ive measures, such as reforestation, the creation of retention areas and the
initiation of an interregional flood-protection forum.

The perspective of the Kulturstiftung reveals another characteristic of
the debate. The Kulturstiftung’s main focus is on destructive flood protec-
tion measures rather than destructive flood events. Heading the conserva-
tion of the UNESCO world cultural heritage site ‘Dessau-Worlitzer
Gartenreich’ (known as ‘“The Garden Kingdom of Dessau-Wérlitz’), which
lies in the floodplain of the river Elbe, the Kulturstiftung mainly wants to
protect its historical intactness. As a result, it has criticised all flood-
protection measures that proposed to reinforce, and thus to alter, the ancient
dykes, which are designated as historic structures. It also accused the local
population of according their property and selfish interests a higher status
than the national, common interest in cultural heritage. Furthermore, it
insisted that the Authority for Flood Protection ought not to adhere to the
standard of dyke restoration in cases of designated historic dyke structures.

According to this body’s perspective, flood protection should follow the
rationale for the coexistence of humans and nature and should focus on

Source: Kruse (2008)
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natural flood protection by building polders, widening retention areas and
supporting adaptive building strategies.

Figures 5 and 6 outline the perspectives of the Waldersee community
and the Kulturstiftung respectively on flood protection measures. Mapping
the different perspectives was the first step of the research project. To en-
hance mutual understanding, the maps of other actors' perspectives were
then compared and discussed with the interviewees. During these feedback
discussions most of the actors interviewed were very interested in the per-
spectives of the other actor groups and often exhibited a ‘light-bulb' effect: “I
never thought they saw it that way!”. This was the basis for organizing a
workshop bringing the different stakeholders together at one table and
facilitating dialogue rather than confronting different positions.

Applying constellation analysis in this project had the following ben-
efits:

e Mapping the main elements and the interrelations between them
helped the research team to get a first impression of the constellation
as a starting point for transdisciplinary dialogue.

e  With the help of this method, it was possible to clarify different per-
spectives on flood-protection strategies of the actors involved. The
graphic representation was a good tool for discussing the different
perspectives with the actors in an open and transparent way.

e Comparing the different perspectives was helpful for identifying
commonalities and sorting out the crucial points for discussion and
mediation. The results of this analytical process could then be used by
actors responsible for the design of future flood-protection strategies.

The research project concludes that this way of mapping multiple per-
spectives can prepare and facilitate dialogues and negotiation processes,
which previously have been blocked. It can be a constructive means for
reaching a common problem definition, as a first step in conducting partici-
patory negotiation.

4. Conclusions

Constellation analysis has proved to be very helpful for achieving mutual
understanding in inter- and transdisciplinary research projects and can be
applied with different objectives. The possible applications are discussed
along the three phases of transdisciplinary research processes and the four
principles which were introduced in Section 2 (Pohl and Hirsch Hadorn,
2007).
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We have shown that constellation analysis can be applied with good ef-
fects for problem identification and structuring. The graphic representation
involved facilitates discussion of participants from different scientific and
professional background and helps to structure the problem according to the
main elements and their relations. The defined set of elements — technical,
natural, social and symbolic — supports the participants in describing ‘the
whole picture’ and inhibits them from holding on to uni-dimensional or
incomplete framings of the problem concerned.

The advantages described are also relevant for the second phase of prob-
lem analysis. By describing the relations between the elements in detail and
identifying conflicting, hampered or feedback relations, systems knowledge
is deepened. Interdisciplinary and transdisciplinary dialogue is crucial for a
thorough analysis of the problem. Besides identifying the main actors and
policy measures which are influential in a constellation — which would be
the focus of social-science analysis - it calls attention to the influence and
agency of natural and technical elements. On the other hand, engineers and
natural scientists, who might focus solely on technical aspects and the limits
of natural resources, get an impression of power relations and conflicting
interests. These can be decisive for the success of an innovation or for apply-
ing transformation strategies. Equally, actors from the life-world can be
motivated to reflect upon their own positions while being involved in the
mapping process. They are likely to widen their perspectives by getting to
know the patterns of interpretation of actors from other contexts.

Constellation analysis facilitates a systematic approach to problems in
sustainability research within three steps: firstly, identifying the main ele-
ments and the interrelations between them; secondly, describing the struc-
ture and characteristics of the constellation; and thirdly, exploring the
dynamics of the constellation. Depending on the question of interest, it can
be helpful for the analysis to compare constellations from different actors or
from different phases.

A common understanding of the problem or the achievement of making
different perspectives transparent can facilitate to bring results to fruition
(transformative knowledge). The constellation analysis can help to simulate
the change of certain elements (e.g. creation of a certain law or technological
innovation) and the differences in the relations between certain actors.
Scenarios of applying different policy measures and their effects on the
whole constellation can be set up and compared. The actors involved receive
support in decision making by visualizing certain consequences considering
all unintended side effects. Problem analysis can also facilitate to identify
missing elements or relationships.

Regarding the four principles that guide transdisciplinary projects, con-
stellation analysis contributes to integration of multiple perspectives
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throughout the whole process. By visualizing complex interrelations and
using a common language which can be understood by all disciplines and
life-world actors, it also contributes towards contextualization. Especially in
the first phase, it helps to specify the need for knowledge by identifying
which questions the actors involved want to focus on. By mapping the
perspectives of different actors or by setting up constellations in different
stages of the research process, the method also contributes towards recur-
siveness.

Constellation analysis is not restricted to any particular scientific theory
or discipline, but is applied primarily for linking different disciplines or
perspectives. The basic idea is to bring together various approaches, data
sources, and forms of knowledge to create a picture of the constellation at
large that can be shared by all disciplines and actors involved. By including
natural and technical elements as well as social actors and systems of signs,
it draws the attention to the variety of factors which are influencing certain
constellations. This “eye-opening” effect can help to search for appropriate
multidimensional theoretical approaches instead of concentrating on one
dimension only (e.g. the governance perspective only). Depending on the
topic which is dealt with, an integrative theoretical approach containing for
example elements from innovation research, structuration theory as well as
multi governance research is needed to deal with complex life-world prob-
lems.

Constellation analysis is a helpful instrument for organizing inter- and
transdisciplinary processes in sustainability and innovation research which
have the same character in developing, emerging and industrial countries.
The method could be especially fruitful in questions of technology or policy
transfer between highly industrial and developing or emerging countries. By
comparing the elements which build up the specific constellations in the two
different settings, the challenges of a simple transfer could be made visible
and it would be possible to develop an integrative, multilevel transfer
strategy.

Notes

1 The constellation analysis has been developed by scientists of the Center of
Technology and Society, Technische Universitat Berlin and the Nexus Institute,
Berlin (Schon et al., 2007). It has been applied in several projects of sustainability
and innovation research.

2 Theresearch project ‘Innovation Biography of Wind Energy’ was funded by the
Volkswagen Foundation from 2004 till 2007 (www.ztg.tu-berlin.de).
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3 The research project ‘Blocked Transition? Spaces of Thinking and Action for
Sustainable Development’ was funded by the German Ministry of Education
and Research (BMBF) from 2003-2006 (www.blockierterwandel.de)
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